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NO WARRANTY

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

The following is an introduction to the basics of CasaXPS. The intention is to

provide an overview of the software in terms of displaying and quantifying
XPS spectra.

CasaXPS Main Window
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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 in an experiment frame.
e The top-most experiment frame has mouse focus.
e An experiment frame is divided into two panes; the left-hand pane
displays the data in graphical form, while the right-hand pane displays
the logical structure of the VAMAS file opened in CasaXPS.

Management of experiment frames is performed using the Window menu on
the CasaXPS main window.
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Experiment frames may appear full sized.
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Experiment frames may be tiled.
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Loading Data into CasaXPS

CasaXPS converts other data formats to ASCIl ISO 14976 (VAMAS) format.
Data in VAMAS format are opened as experiment frames by selecting the
VAMAS file via the Open option on the File menu.
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A file dialog window allows data to be selected from disk.
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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, for example, 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 more files may be selected via the file dialog. On pressing the Open
button, a new experiment frame appears in the CasaXPS main window.
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The keyboard arrow keys can be used to change the selection in the right-
hand pane. Each press of an arrow key moves the selection in the right-hand
pane with respect to the data block displayed in the active tile in the left-
hand pane. Pressing an arrow key causes the newly selected data block to be
displayed in the left-hand pane.
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Selection of Data using the Mouse

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

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

Extend the selection to a contiguous group of data blocks by holding the Shift
key down before selecting a second data block using the left mouse button.
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Add to the current selection by holding the Control key down before left-
clicking over a data block.
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Overlay the current selection of data blocks in the active tile by pressing the
overlay toolbar button.
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Display the current selection one-per-tile using the display toolbar button.
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Tile Format

Set the number of tiles-per page using the Page Tile Format dialog window.
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Page tile formats are organized using predefined property pages for a
number of tiles per page. Adjustments to the tile 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 ]z |3 4 |5 s
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Tile Display
Each tile used to display data in the left-hand pane maintains a set of display
settings. These display settings are adjusted using the Tile Display Parameter

dialog window. Various fonts and colours used to draw spectra are adjusted
via the property pages on the dialog window.
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The tile in the left-hand pane with the title highlighted is the active tile. On
pressing the toolbar button for the Tile Display Parameters dialog window,
the settings entered onto the property pages correspond to the display
settings for the active tile. When the OK or Apply button is pressed on the
dialog window, the display settings for the active tile are updated.
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Data displayed in the active tile is indicated in the right-hand pane by a red
border around the corresponding data block. The background for the data
block in the active tile is also filled with a light yellow colour.

Zooming into Data

Changing the energy and intensity ranges for a spectrum is achieved using
the mouse to draw a zoom box over the data currently displayed in the active
tile. A zoom box is drawn over the data by holding down the left-hand mouse
button whilst moving the cursor over the spectrum in the active tile. On
releasing the mouse button, the drag box becomes a solid box over the data
marking the energy limits and also the intensity limits over which it is desired
to view the data.
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To perform the zoom action, left-click inside the zoom box or press the zoom
in toolbar button on the second toolbar.
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Each time a zoom action is performed, the parameters from the zoom box is
placed on a zoom list. Following a sequence of zoom actions, the set of zoom
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 until the initial
display ranges first used to view the data are recovered. Further pressing of
the zoom out button will cause the zoom list to cycle from the initial zoom
state.

The zoom list is re-initialised by pressing the reset toolbar button:

| I{‘|I 3¢

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

reset button followed by the zoom out button.

Reset Clssausans h Geassaizse e _an Zoom out

‘-}{-\ ‘l'(j‘
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Zooming into a zone based on the mouse may require further adjustments to
the display to achieve the desired perspective of the data. Further intensity
scaling and positioning of the data with respect to the energy axis are
achieved using the toolbar buttons:
EAEARENPNEA

Adjustments to the energy interval accompanied by rescaling of the intensity
with respect to the data within the energy interval are performed using the
toolbar buttons on the second toolbar:

|52 o)t Al ¥
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Zoom in

bl
Or
Left-click inside zoom

box.

Step right

2

Energy interval shifted
by half the display width.

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

the toolbar buttons:

| %

€

A

A

Y/

Processing Spectra

Processing spectra is performed using options on the Spectrum Processing
dialog window. The Spectrum processing dialog window is invoked from the

Options menu or the top toolbar.
YWindai

d | B B
G

Options

Cuankify, .
Elements ...

Processing .

S s P

Select

Page Lavout ...
Tile Display ...

Help
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M Spectrum Processing EJ|E|E|
Differentiation | Integration ] Test Data ] PCA ] Calculatar ]
Pracessing 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 currently
contributing to the state of the data displayed in the active tile. Other

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

Basic Energy Calibration

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

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.

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

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

appropriate.

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

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 text-field.
Ernergy Calibration
Meazured |232.5?5

True |235

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

Component tick boxes.
Adjust

[+ Regions v Components

Select those VAMAS blocks for which the charge compensation shift is
appropriately specified by the data in the active tile.
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angle Wi, . 1= 1 11z 1= | 7
1 Wi... ki dk.. |

Press the Apply to Selection button.

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 right-hand pane of the experiment frame
will be shifted using the energy difference computed from the Measured and
True text-fields on the Calibration property page.

Quantification of Spectra

XPS quantification in terms of peak intensities is performed by assigning
quantification regions and/or peak models containing synthetic components.
Quantification in CasaXPS is performed using the Quantification Parameters
dialog window where the Regions, Components and Report Spec property

pages are central to preparing and extracting quantification information from
the data.

M Quantification Parameters @lil@

M Quantification Parameters : 7 M Quantification Parameters.

Riegions | Components | Dats Editor | Repott Spec. | APT Risport | Pegions Components | Dats Editor | Repont Spec. | APT Report | Regions | Components | DataEditor Feport Spec. | RPT Repart |
15/l [ Cale Max [ 1578 [FMG = 183.632:0. of . = S2] EF. S = 0 303059] [T SR I Use ConfigFie
Regions A Component A B Regions Comps I~ Use Profile Format
Hame Hame Tis Tis
RSF. RSF. T T Regions and Comps | Combined With Tags |
Stat Line Shape L0 GLE
End 2 4543 kK]

B Type 3 #yeaConstr,  [0.0, 0000, | 0.0, 00000000 | Custam Report
v wickh fubm T Eadd7 A e
St Difcet fwhm Consty, | 0.2499 6. | 008198 2048 &
End Difcet MO Fasiion P k] o
Cross Se.. B Fos. Constr,  |_300_276.0 3002769 e
Tag Tag Cis CTs 05'1 s
Area Comp Index 1 1 3
StdDev . Agymmelry In.. 0,000 0000
foohm % Concent EEEE] e Regons | Comps | Al
Pasition Clear
% Conce.. RaloRegion | RatioComp | Raiodl |
Max Height | 3304 )
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 sto| Reu| RST|  Frsepts 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.
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A region is defined using the Regions property page where each region
appears as a column of parameters in a scrolled list.

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 0
Cross Se... EEERNEE 233.54.. 12935
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
4 | >

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 | 542063 | 234361 0,
End | 527546 | 281.697 1a
BG Type | DT Linear Linzar Li
Ay, width] I 1 1

St Offzet | IEIN| 0 I

End Offzcf NN 1] 0

Crozz Se. | EEENES 293,54, | 259, 5
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... 30.89 17.86 22.04 2¢
bau Height | 57801 47854 1195.8 36l
Wi Height -35.0 1237 443 15
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To edit a region parameter, left-click the mouse over the value displayed on
the table on the Regions property page.

Regions ~
M amne M,
R.5F. 1.
Start 10,
End 10
BG Tupe Lil

L W = (1

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

reinstated.
Regions are defined in terms of a reglons name:
|t — Ll =
M arne I:I 2|:| 01z C 1z M.

Region names are user-defined names used to reference the information
determined from the region. Quantification tables typically include the region
name and more importantly quantities calculated from a region are specified
within custom reports using the names assigned to a region.

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

Regions | A, E C .
R.5F. 0891  (WOEEE 0275 .
m'. &U!. =] i UDJ | L-EM-.JDI 1L
End 192,583 281.697 10

Atomic concentration tables are computed from the raw peak area divided

—

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

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

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

Linear backgrounds are typically used 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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|RG Tune R
The full set of background types can be selected via a dialog window invoked

by holding the Control key down and left-clicking over the current BG-type
setting before the parameter is an edit field.

Background Mame | -~ [a]
MNone
Linear Cahicel
Shirley

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

Default

Adjuztable

[LEH

in

kean

Zem

Smoath

Spline Linear

Spline Shirley

Spline Tougaard

Spline None

Analtic Shirley

F.appa Shirley b

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

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

“” “s” for Shirley

most commonly used BG types are entered using “I” for linear,

and “t” for Tougaard.

End 3 a1 End 319,256 End 219.556
BG Type Shirley BG Type | BG Type
v wiidth IE | v vidh I A Widh 3

The background and spectrum meet at the two energy limits to the region.
Due to noise in the data, the actual data channel corresponding to the region
limits may not be most appropriate for defining the background intensity at
these limits. The Av Width parameter specifies the number of data channels
on either side of the data channel corresponding to the start energy or the
end energy over which an average intensity is determined for the background
at the limits.
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When using the Av Width parameter there must be sufficient data channels
to either side of both start and end limits before the background intensity is
determined using an averaged intensity. The largest source for precision
errors in XPS measurements is due to poorly defined background intensities.

The use of an appropriate Av width for the level of noise in the data is
important.

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

parameters represents a percentage drop from the initial intensity computed
for the background intensity.

St Offzet 3

End Offzet N

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

Quantification of Survey Spectrum using Regions

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

spectrum for which:

1. An element marker from the element library is active.

2.
3.

A feature within the data can be identified.
The RSF is the largest or the transition is explicitly selected for use via
the CasaXPS_quant.

lib configuration file.

Using the element library dialog windowJEl, the first step is therefore to

enable element markers for all the appropriate species within the data. The

manual route to enabling element markers involves the element table, the

left-hand pane and the mouse. With the Element Table property page top-

most on the Element Library dialog window, left-click the mouse with the

cursor pointing at a peak in the data. The element table scrolls to display

those transitions with energies around the energy indicated by the mouse.

Select the most likely transition from the table on the Element Table using

the name field.
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Element markers are placed on the data for all transitions in the element
table from the indicated element. The process is repeated for each peak in
the data until all peaks are assigned to element markers.
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Regions are created based on the proximity of element markers to the peaks

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

step should be performed before attempting to create regions.

To calibrate the energy scale for an individual spectrum:

Select the Spectrum processing dialog window

ST Al

Select the Calibration property page

]

Differentiation l |begratios

Te

Data ] PCA l Calculator l

Proceszing Histomy

Calibration l

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 calibrate the spectrum in the active tile.
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Provided the peaks are within a tolerance of the element markers and the
peaks of interest are accounted for by the element markers, pressing the
Create Regions button on the Element Table property page will create a set
of regions on the spectrum.

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

Create Regions
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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 the Clear All
Elements button on 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.
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With the Annotation History property page top-most on the Annotation
dialog window, a small box appears above the top left-hand corner of the
annotation table.

:n: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 intensity scale 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 current list of quantification regions. If
the Regions property page on the Quantification Parameters dialog window is
top-most, stepping through the set of regions using the zoom options allows
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the limits for the regions to be visually inspected and adjusted under mouse
control.

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

cursor.
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Manual Creation of Regions

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

To create regions one at a time:

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

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

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

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

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

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

Regions property page and the introduction of synthetic component peaks

via the Components property page.

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

envelope.
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The intensity from a quantification region can be explicitly excluded from a

guantification report by entering an RSF of zero.
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The function of the region is to define the background only allowing the

intensities from the synthetic components to estimate the sample
composition.

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

pane.
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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 with respect to
the peak envelope. Using the mouse, point at the peak maximum for the
newly created peak and drag the cursor to the appropriate position for the

synthetic component.
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Repeat the process for each peak believed to be part of the model.
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The example involves two elements and potentially five chemical states: one
chemical state for the potassium and four for the carbon data. The two
potassium peaks are part of a double pair; therefore the RSF for the

combined pair of peaks is used when quantification is performed.

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

A peak model is defined in terms of a name field and RSF serving exactly the
same function as the name and RSF fields for regions. Fields specific to
components are the line-shape parameter and the three parameters for area,
position and full width at half maximum (FWHM) of the synthetic
component. The parameters determined in a least squares sense are the
area, position and FWHM. Constraints are available for restricting the
possible values for these parameters during optimisation.

M Quantification Parameters E| |§|fg|
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Constraints take two forms:
1. Parameter intervals offering a range of acceptable values for each
parameter adjusted during a least squares optimisation.
2. Relational constraints between parameters from different
components.
An interval is specified as a pair of numerical values separated by a comma:

F
Cls
1
GLI30

44324
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 a p-orbital doublet pair is in theory
2:1. To impose this theoretical relationship for a potassium doublet, for
example, the following constraint forces the 2ps/, peak to be twice the size of
the 2p,/, 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

Relational constraints are defined in terms of the column header letters, thus
to force the area of the peak in column A to be half the area of the peak in
column B, the constraint entered in column A is “B*0.5”. Similarly, the FWHM
can be defined as a factor constraint, while a position constraint is defined in
terms of an offset to a second parameter.

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

Component &, B

M ame S12p 34 S12p 14
R.5.F. 1 32

Line Shape §| LA[1.4.210

Area 447,

drea Congtr. | 0.0, 10000...

Frabiri 0425031 0.445035
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The line-shape LA(a,b,n) offers asymmetric line-shapes based on the

Lorentzian functional form convoluted with a Gaussian.

A useful means of monitoring complex peak models is via a components

annotation table displayed over the data.

CasaXPS Licensed to:A1 CASA - [K2pC1s.vms]

File W¥ew Window Options Select Help E :l"
=)
0| o] o e | B s M v @ | 5 B G 2| =& B & SR
mfii=]L Tl e AN - B"\H o] il J
Exp Variable | WL, Cls
S m
102 1 Sur‘..
45 1Residual STD = 1.00279
] | |\UA i ﬂuh f[\nwn i h J\FIJ.\J. Py nwf"l J'l\;-’\ 4 &
401 ]'MMU ) U Uy ]I| U v ]r\.’ u
] Quantification ] Peak Labels L
1 MName Fos. FWHM  L.5h. Area Warea  C 1enC-H - - =
351 ks 17 2955781 1486 GL(30) 822612 3.5 Arnotaton Histary | Regions Iﬁmme”'s ]
1 K 2p 32 2028011 15027 GL{30) 1645224 6.30 .
30 ] 2894762 13662 GL(30)  845.142  12.86 Pasition Type
- Cls2 288.3865  2.0337 GL(30)  427.245  6.50 & Displ ~ Dat Rt
b 2855215 17103 GL(30) 767703 1170 e aa | f |
a 25 1 ClisC-H 2347588 12275 GL{30) 3903.921 59.40 ™ Name from TAG
1 [ Inchide Constraints ™ Exclude % Area
20 ] ™ Exclude Line Shape [ Exclude Area
N K 2p 3/2 ™ Exclude Pw/HM ™ Exclude Position
] 2P Sl
15 / oy |
] K 2p 1/2 |
10
L T T T ‘ T T T | T T T | T T T | T - T T ‘ T =
304 300 296 292 288 284
Binding Energy (eV)
Ready Ci\Documents and SettingsiNeal\My DocumentsiorkingDiriManualiManualForVersionz, 3. 144%P5 Spectra DatalkZpCls.vms

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 table of data, where the table
includes columns for binding energy, kinetic energy, spectral data in CPS,
component data, the background intensities and the total synthetic
envelope. These data can be saved as a TAB spaced ASCII file or copied onto
the clipboard and pasted into software capable of accepting text data
through the clipboard.
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Quantification using Standard Reports

Quantification reports are text-based information generated from
quantification regions and/or components defined on VAMAS blocks. The
most common form for a quantification report is a tabulation of atomic
concentrations calculated from regions on survey spectra.
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The Report Spec property page on the Quantification Parameters dialog
window provides the means of creating quantification reports from VAMAS
blocks selected in the right-hand pane of the experiment frame. Creating a
quantification table from regions on a survey spectrum involves:
1. Defining a configuration file.
2. Selecting the VAMAS block in the right-hand pane of the experiment
frame.
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
Cls
Clzp

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 ASClII files
located in the CasaXPS.DEF directory. These configuration files contain
keywords, one per line, specifying the type of information included in the
columns of the text base report. The configuration file for the Standard
Report Regions button is called RegionQuantTable.txt.

% CasaXPS.DEF (=13
l':’
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Address || C\Documents and SetbingsiMealiiy Documents WorkingDirl Casa23150ev32 Casa23150evE2 \CasaPS.DEF % | 2 Go
#|[Z] CambinetwithTagsQuantTable bt [£] Settings.bxt
File and Folder Tasks & [Z] componentGuantTable txt [Z] spectra.txt

@ Font . kxt E] SvntheticCompColours, bxt

Em Rename this file E) miscCalaurs bxt

_;j‘ Mave: this File [Z] ParameterFile. bt

D Copy khis File [Z] PrintFaothote, bt

@ Publish this File ko the [£] RegionComponentCuant Table, bxt

S'eb |t="] RegionQuantTable bxk
|I () E-mail this file:
Dok bhic il M

The keywords listed in the file RegionQuantTable.txt are used to arrange the
columns of the quantification report provided the Use Config File tick-box is
ticked.
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Standard Reports
[v Use Config File

Regians | Comps | [~ Use Profile Format

Fegions and Comps | Combined With Tags |

B RegionQuantTable.txt - Notepad
File Edit Format Yiew Help

VAMAS BLOCK_RAME
MAME

POSITION
RAW_AREA

REF
TRAMSMISSTON
AREA
CORRECTED_AREA
COMCENTRATION
MASS

MASS_COMNC

Selecting the VAMAS block in the right-hand pane before pressing the Region
button causes a new view into the experiment frame to appear within the
CasaXPS window.

Angle | wi.. |Matls| o1s | c1s | cizp
1 (T .. [C.. |Cl.. [d..
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Wide/Z Cls 285.0MQ 5243.01 0.278 369469 1419.065 5104.55 22.04 1z.011 11.42
Wide[2 MNals 1071,000C" 91079.8 1,685 798958 11399.825 6765.47 29.21 22.9898 28.98

Clipboard Selection

e\dacuments and 314\ups spectia ~

Block Id Name  Pasilion Raw Arealibrary RSF Transmission Auea / [T'MFP)]  Area/[RSFTMFP) %
“Wide/2 Cl2p 1930000190155 0831 298352 B3735187153.22 3089 354601 47.26
wide/2 01s 636.000018430.1 0.78 6.73085 3226420 413644 17.86 159994 1233
‘wide/z C1s 2850000524301 0278 363469 1419.065510455 2204 12011 1142
“Wide/2 Nals  1071.0000 910798 1685  7.98958 11399825 67E5.47 29.21 229898 21

Peak Area Riesuits Compact form [Atomic Cancentrations)
Name  %Conc  Angle

StDev.
C2p 3083 1

01 1788

Cls 2204
v

< >

ER S Save Copy Selection to Clipboard Copy &l to Clipboard

The quantification table displayed in the new window can be copied through
the clipboard or saved to disk by pressing the Copy toolbar button. Once on
the clipboard, any program capable of accepting text from the clipboard may
receive the data by requesting a paste action (usually Control-V).

Wome | et Pagelwot  Formulass  Oata  Review @ -2 x
B 1; — o sl i e o ; 7 A
Paste 5 (B Log-|E| - A EEBEE H (W% 0w e
AL A< | O
[ c o £ 3 P
1 [c\documents and settings\ " gainmanualman 2.3.18\xps spectra Gata\st ottingham\te:

Uibrary RS Transmiss Area / (T* Ars %AtConc Mass % Mass Conc
0891 298352 6373518 7. 089 354601 4726
078 573085 322642 413644 1786 15999 1233
285 524301 0278 3.69469 1419.065 510455 2204 12011 1142
1071 910798 1685 7.98958 11399.83 676547 2921 229898  28.98

3 [Blockid Name  Position
c2p 199

Compact form (Atomic Concentrations)

15[o1s 17.86

16
4 4 » W_Sheetl Sheet: | 3]

Resdy Aversge: 483113462 Count: 197 Sum: 324394.5539 (1 I i3 i) g el
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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.

CasaXP$ Licensed to:A1 CASA - [test_npacl_161007.vms: 2]

] File BEGEEEN Fonts  Help
Ol = Cascade | | | | | | | §
Tile:
Arrange Icons | | | | | | |
Block Id 1 CasaxPl n | Raw Area |
Wide/2 Z untreated tikanium, vms Jali] 19015.5
Wide/2 | 3 50int110707_1.vms oo 18490.1
Wide/z 4 K2C s vms o0 5243.01
Wide/2 p-ls 000 a1079.5
5 test_nacl_161007 vms:1
v B test_nacl_161007.vms:2

Similar configuration files are available for configuring reports for each of the
buttons in the Standard Report Section.

Transferring Regions and Components to other Data

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

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

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 spectrum-by-
spectrum basis are possible; however to obtain a reasonably good initial set
of regions, the spectra are overlaid in the active tile so that all variations of
the peaks can be assessed whilst defining the regions.

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

Ensure the spectrum for which the regions are defined is displayed in the
active tile in the left-hand pane.
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Select the set of survey spectra in the right-hand pane.
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Move the cursor over the active tile displaying the spectrum for which the
regions are defined and right-click the mouse. A Browser Operations dialog
window lists the set of selected VAMAS blocks. Tick the Regions tick-box in
the Propagate sections and press the OK button.
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CasaXPS$ Licensed to:A1 CASA - [sample_8.vms]
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A progress dialog may appear briefly and on completion, the

transferred to the selected VAMAS blocks.

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 example, the depth will be measured in terms of

etch-time; nevertheless, the type of report required to produce the profile

differs from the format obtained from the Standard Report. To generate a

profile as a function of time, the Custom Report section on the Report Spec

property page is employed.
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Cuztarn Report
Quantification [tem Mames
Cls
01z
Sigp
Tigp
Comps | All |
Clear

Fiatio Region ‘ Ratio Comp | Fiatio &l |
Mames | Formula |
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
guantification items (regions and components) defined on the selected
VAMAS blocks are listed in the Quantification Item Names table. From these
guantification item names a set of named formulae are prepared.

NB: The name fields are used to define the relationships between the
intensities in a profile. A special relationship is automatically applied to any
guantification items assigned the same name. Specifically, if two
guantification 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.

Since 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
01z
SiZp
TiZp

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 Report

orientated quantification report is generated.

CasaXPS Licensed to:A1 CASA - [sample_B.vms:2]

Copyright © 2009 Casa Software Ltd

section, a column
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2700 -28.9953 13755.4 3474.59 4175.29 0 64,2618
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3000 503,368 16944 316238 77,10 0 64,7125
3180 76,8781 16828.3 9453.79 161.41 0.289883 63,4542
3300 -175.459 11524.1 3125.23 3492.25 0 63,5231
3450 450,057 10201 5 1406.38 4929.16 2.6434 50,0545
3800 325,656 9521.72 959.025 4619.43 2.06689 62,3371
3780 410,115 103111 1032.73 4679.08 2.49568 62,7461
3900 -13.0751 10004 -11.4083 496511 0 66,6311
4050 210,322 147008 140223 2964.75 0.544076 65,9877
4200 541.63 19412.6 10216.2 599,905 1.76023 63,0887
4350 303,264 20189.1 11902 334.45 0.926659 61.666
4500 444,763 194546 10507 773.303 1.42645 £2,3951
4650 253,464 143252 2908.95 3958.1 q 64,5506
4800 277,554 10834.7 1005.95 4480.1 1.702% B4.6369
4950 410,691 9209.91 1200.93 4674.92 2.65023 59.4324
S100 1329.33 10174.6 1546.37 4622.16 7.5z208 57,5731
5250 543,599 1Mz 16113 4413.02 3.22407 61,3715
5400 420,058 15118.2 F2rea7 1368.35 1.73708 62.519 v
< >

The text based report may be transferred through the

clipboard to other

programs or plotted within CasaXPS either as a separate file or appended to

the current VAMAS file. Appending the profile data to the current file allows

cross referencing the profile to the spectra. Both options are available on the

File menu offered when the profile is tabulated.

Choosing the Add Profile menu option on the File menu adds the profile data

to the original spectra as a temporary additional VAMAS file. The presence of

a profile file is indicated in the bottom left-hand corner of the active tile.
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To switch between viewing the spectra and the profile derived from the
spectra, press Control-F8 on the keyboard. The profile view of the data set
can be used to mark a set of etch times using a cursor drag-action coupled
with holding the Shift Key down; on switching the display to the spectra using
Control-F8, the set of etch times marked by the cursor become selected.
Similarly, a contiguous selection in the spectrum view will determine the
location of a cursor on the profile view of the data.
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Copying Data to a New Experiment Frame

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

(uantifization ] Peak Labels ] Tent ]
Annotation History ] Regons |  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 annotation. Each
piece of annotation appears in a list on the Annotation History dialog
window. The list allows the annotation items to be selected, amended and
deleted using the options on the Annotation History property page.

The position of the annotation on the display is indicated by a small box next
to the annotation text. Pointing the cursor at the box and dragging the cursor
to a new position causes the annotation to move the moment the mouse
button is released.
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Modifying a piece of annotation involves selecting the annotation in the
Annotation History list.

B Annotation [Z“E|E|

Quantifization ] Peak Labelz ] Temt ]
Annatation History l Regiohs ] Components ]

Command Annotation -
annot text peak Data 12 RIS

annot text peak Data 12 Ce 4p3/2

annot text peak Data 12 Ce dpl/2

annot text peak Data 13, Ce dd

anmot text pea!: Eiata ?5 IEI 1§ _ w
< >
Delete Position Type
Angle: ID— " Display * Data
Font [ Vertical Test Apply
C1s

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

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

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

B Annotation
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|
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Delete |
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annot text peak Data 13,

Lz

Ce d4p3/2
Ce 4p142

Ce 4d

Position Type

O Display

(« Data

Font | [ Vertical Text Apply |

Cls

|

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

Auger peaks in an energy spectrum are an indirect consequence of the
excitation of core level electrons. Subsequent relaxation of the excited state
induced by the interactions of a primary electron with an atom may result in
the emission of an electron with a characteristic energy. These Auger
electrons appear superimposed on a background of secondary and
backscattered electrons.
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@30
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kinetic energy (eV)
CasaXPS

The energy from the excitation source, typically an electron gun, alters the
electronic state of an atom within the surface by ejecting a core level
electron. The relaxation of the excited state occurs as a separate event from
the core level excitation, so the characteristics of the excitation source have
no influence on the energy with which Auger electrons are ejected from the
surface. Auger electrons for an atom in a given chemical state always have
the same energy regardless of the energy imparted by the primary electron
beam or even when excited by other means such as x-rays. An oxygen Auger
line, O KLL for example, appears at the same kinetic energy in a spectrum for
both electron bombardment induced Auger or XPS induced Auger, regardless
of the anode material in the x-ray gun.

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

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

Prof Bridget Rodgers (Vanderbilt University)

Tyne R. Johns (Sandia National Laboratories)

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

RBD Instruments Inc.

IFOS, Kaiserslautern , Germany
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Auger peak intensities do depend on the excitation source and therefore

Auger element libraries must include relative sensitivity factors for the

specific electron gun energy used to excite the surface material.

The Auger mechanism involves exciting a core electron followed by the decay

of an outer electron to fill the core level. The new electron configuration is

energetically unstable and results in the emission of energy by ejecting an

electron with an energy characteristic of the intermediate states. These

Auger transitions are often labelled using the letters assigned to the principal

guantum numbers for the electronic shells: K, L, M, N, ... with subscripts

differentiating the sub-shell structure.
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For a more complete description of the Auger mechanism see Briggs and
Grant ISBN 190101904 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 offered in a stand-alone form and also as a multi-
technique instrument, often including XPS to complement the advantages of
AES. Sub-micron spatial resolution requires a means of isolating vibrations
and Mu-metal shielding from stray electric and magnetic fields.

y Concentric Hemispherical
Analyser

Auger, SEM and

XPS Instrument Xray Gun

Monochromator

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

Quantification of AES Data

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

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

peak intensities.
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Some instruments, in keeping with the past, acquire the data using hardware
signal differentiation, which partially accounts for the quantification based on
peak-to-peak intensities. Most AES spectra acquired from modern
instruments are in direct mode and so must be numerically differentiated
before quantification is performed.

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

Differentiation of Spectra

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

Savitzky-Golay Method

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

p(x) = ag + a;x + a,x?
where the coefficients a, a; and a, are determined from the simultaneous
equations in which the abscissa x is the index for the data bin; the origin is
always placed at the central data bin, thus the abscissa values corresponding
to each of the data bins are {-2, -1, 0, 1, 2}:
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where the evenly spaced data bins {d_,, d_;, dy, d;, d,} are selected with the
target of replacing the value for d, with the value for the polynomial at x =0
or p(0) = a,. Since there are five equations and only three unknowns, the
coefficients to the polynomial must be determined in the least-squares
sense, where the linearly independent basis functions are 1, x and x°. The
normal equations yield:
ATAa = A"d

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

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

 d, |

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

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

Direct spectra are converted to differentiated spectra using the Spectrum

Processing dialog window.
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b ethod
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Smoothing 'wfidth

{* 5G Quadratic

™ SGE Quartic

[ Apply to all conresponding variables

5

Apply

|Diff SG D) PS)

l |

] Calculatar ]

Smoothing

The Differentiation property page on the Spectrum processing dialog

provides a choice of two Savitzky Golay methods and a smoothing width

value. The parameters used in the Savitzky Golay differentiation option

depend on the source of the relative sensitivity factors used to quantify the

data. For example, the set of RSFs in Appendix C of Briggs and Grant are

designed for data acquired using an energy step size of 1 eV and
differentiated using a 5 point quadratic Savitzky Golay differentiation

method. Matching the acquisition step size and Savitzky Golay parameters is
important because these influence the peak-to-peak height determined for
an Auger peak. Consider a Gaussian peak with a FWHM of 7 eV tabulated at 1

eV and 0.5 eV step-sizes:
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If differentiated using a 5-point quadratic Savitzky Golay method the peak-to-
peak measurement for the same functional form differs by 10%.

= gaussian fwhm 7 step 0.5ev.tsf
+ gaussian fwhm 7 step 1ev.tsf

L e o o LA e e B A B
2975 2980 2985 2990 2995 3000 3005 3010 3015 3020 3025
Kinetic Energy (eV)

Clasa¥F5

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

The RSFs in Briggs and Grant are specified for a 4 eV energy interval
numerical differentiation. In principle data acquired at 0.5 eV should
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therefore be differentiated using a 9-point Savitzky Golay method, while data
acquired at 1 eV would require a 5-point Savitzky Golay differentiation. While
matching the number of points used in the Savitzky Golay method to the
step-size can improve the acquisition step-size dependency, the test peak of
FWHM 7 eV still results in a 1.8% difference in peak-to-peak height when
tabulated at 0.5 eV steps and differentiated with a 9-point quadratic Savitzky
Golay than when tabulated at 1 eV and differentiated with a 5-point
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, | ¢
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240 AL1 | Erl | Mo
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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 acquired using 1 eV step-size, select the SG Quadratic radio
button and enter 5 into the smoothing width text box.

kethod Srnoathing ‘width
{¢ S0 Quadratic |5
" SG Quartic
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4. Press the Apply button on the Differentiation property page.

CasaXPS Licermiad te-A1 CASA - [0B05-016 sa 62 all_répartspec. wes]
Bl en medow Optiors Seled el

| ] | e P e | [ 1 |2 3| emmime| 4 ] e[ ] W] | IR R
O B|%[5E| h|m 2| s|oln sl §|2]@0] @D = =
7S

3
5. K10

Procssing ety | Ciraion | InieiyCab | Srocthing
Diwasistmr, | iwsgon | Tenlss | PEA | Cakdym

i Heded Sraakng Wi
[\s - Sk |
A
2 I| | o \ . = " 55 Duake
o, i v e
el { 1320 r
Vo Aol ol caesporing vmties
| o ovky
& ¥ v e =
g V] W ([T
U F0
| 240

rera]

g e o b B Fa g E E E L E A £

T T T T T T
Me 12 130 140 150 180 1T0 180 180 |
Kinatic anergy (sV) i

sty e e htanarcha P 016 sa a2 al yuportaes v

An entry appears in the scrolled list on the Processing History property page.

M Spectrum Processing Ellﬁ@
Differentiation ] Inteqgration ] Tezt Data l PCA ] Calzulatar ]
Processing Histary l Calibration ] Intenzity Calib. l Smonothing ]

Processing Camrmand
Diff SG D[2] Pa)

Reset | Apply Selection | Propagate Flag |

dndo | FRemove |

Reset &l

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

1. Display a spectrum in the active tile for which the differentiation
operation is already performed and the Processing History property
page displays the text string for the differentiation instruction (e.g. Diff
SG D(2) P(5)).
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2. Select the data blocks in the right-hand pane for which the
differentiation operation is also required.
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3. Place the cursor over the active tile in the left-hand pane and invoke

the Browser Operations dialog window by right-click the mouse
button.
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The Browser Operations dialog window lists those VAMAS blocks selected in
the right-hand pane of the experiment frame and offers a set of tick-boxes
which specify the type of information to be propagated from the VAMAS
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block displayed in the active tile to the set of VAMAS blocks in the scrolled
list.

4. Check the list of selected VAMAS blocks on the dialog window and tick
the propagate Processing tick-box.
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5. Press the OK button on the dialog window and confirm that the data
are now displayed as differentiated spectra.
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Quantification Regions for AES data

Peak-to-peak intensities are measured using quantification regions.
Quantification regions specify:
1. The name for the region; also referred to as the quantification item
name.
2. The relative sensitivity factor, labelled RSF, for the peak intensity.
3. The energy interval over which the peak-to-peak intensity should be
determined.
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Quantification regions are used for XPS data and therefore other fields such
as background type are also present on the Regions property page, but for
peak-to-peak measurements these other fields are of no importance.

The Quantification Parameters dialog window is available from the Options

menu or via the top toolbar.
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A region is manually specified using the Regions property

Quantification Parameters dialog window:
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The name field in the quantification region is used to label the values
computed for the region in quantification reports.

Heqgions 2,
YENE C1
mor I W T I L= T

Meaningful names improve the readability of quantification reports. Further,
the name field is used for manipulating intensities in the Custom Report used
for depth profiling experiments and therefore region names used in the
Custom Report should begin with an alphabetic character.

Cuztom Report
Huantification [tem Names |
Erl
Mol
o o
Fegions | Comps | All |
Clear

Ratio Region | Ratio Comp | Ratio &l
Mames | Formula |
Eri Er1-Moi*033
Mo Mo

Area Report | Height Report | Tag Defined Repart |

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

an=

F.5.F.

Ckerl
The RSF is typically stored in the element library and retrieved using the

Element Library dialog window as described below.
The energy interval over which the peak-to-peak intensity is computed is

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

Start
End

Lo i

While the background type for peak-to-peak intensities is irrelevant from the
computational point of view, from a display perspective a background type of
zero provides a more meaningful reference than the typical XPS background
types.
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Creating Quantification Regions using the Element Library

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

03| ||| 7 ]
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The scrolled list on the Element Table property page combines with the
Regions property page on the Quantification Parameters dialog window to
create regions for the spectrum displayed in the active tile.
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To create a region using the Element Table property page:

1.
2.

Display a spectrum in the active tile.
Invoke both the Quantification Parameters and Element Library dialog
windows.

u][= =] S 3 |

Left-click the mouse with the cursor over the Auger peak in the left-
hand pane of the experiment frame. The table on the Element Table

property page scrolls to display those energies around the energy
indicated with the cursor and mouse.
Tick the box on the Element Table property page labelled Create When

Line Selected.
1 SLILN W TIETT LT IE 2RI

I W Create When Line Selected I

I PP TR avriE
Ensure the Regions property page is top-most on the Quantification

Parameters dialog window.

- X

l:umpl:unents] Data El:litl:ur] Report Spec. ] RPT Fiep-:urt]

Regionz

Using the name field on the Element Table list, select the transition
corresponding to the data in the active tile.

1 < 1 oo |
[0i] 510 1 1571 | ¢
2 =t ' rone— |

A region is created with name and RSF assigned from the element library

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

entering new values on the Regions property page or under mouse

control.
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Propagation of Quantification Regions

A region defined on a spectrum can be propagated to other spectra for the
same transition. The propagation of regions is analogous with the
propagation of processing operations described above in the context of
differentiating a data set of many direct spectra.

To propagate a region:

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

Browser Operations dialog window.
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4. Check that the scrolled list on the dialog window contains the intended
set of VAMAS blocks and press the OK button.

On completion, the set of spectra selected in the right-hand pane are
populated with copies of the region or regions defined on the spectrum in
the active tile.
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Quantification Reports

Quantification reports are generated from those VAMAS blocks selected in

the right-hand pane of the experiment frame for which regions are defined.

The Report Spec property page on the Quantification Parameters dialog
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window offers the two principal mechanisms by which quantification reports
are generated, namely, Standard Reports and Custom Reports.
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The Report Spec property page offers the means of quantifying data acquired
as separate narrow scan spectra. The spectra used to quantify a surface
composition must be displayed in the same row as viewed via the right-hand
pane of the experiment frame.

AL T EF Mo, | G i3 | Er.,

ML ie s 0l vo 0 C o IEEM
AL 1 Er 1 Mo i i) Er ...
Al Fe 1 P i~ 1 Fe

The organisation of the VAMAS blocks in the right-hand pane is based on the
element (species)/transition VAMAS fields in the data blocks and the
experimental variable assigned to the VAMAS block. The values for these
VAMAS block parameters may be altered using several toolbar options.

fL

Elock
Com

Elack
Info
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%)

Edit VAMAS Fields

Block Id  [4L 1

Element |-‘*\|- 1

Trangition |-‘*\|- 1

ExpVariable 3430

Techhique |-"-'*E5 dir

Source Label |Electron|3 unDiurmmy

Source Energy |3|:“:|E|

 agnification |1

Resalution |?.EE?03

Mo, Scang |'I

Dwell Time 0.2

Cancel

The Edit VAMAS fields dialog window acts on the data displayed in the active
tile. Other dialog windows act on selections in the right-hand pane.
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VAMAS blocks with the same element/transition fields appear in the same
column in the right-hand pane, while VAMAS blocks with the same
experimental variable appear, where possible, in the same row.
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Standard Reports

Standard reports are configurable row-orientated reports generated from
survey and/or narrow scan spectra measured from the same surface.
Creating a quantification report involves:

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

sample.
2. Selecting in the right-hand pane the VAMAS blocks containing the
spectra for which regions are defined.
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3. Invoking the Quantification Parameters dialog window and selecting
the Report Spec property page.
4. Pressing the button labelled Regions in the Standard Report Section on
the Report Spec property page.

When the Regions button is pressed, if the Use Config File tick-box is ticked a
configuration file is used to define the information appearing in the text
report. A detailed discussion regarding these configuration files is presented
in a later section. The report generated from one specific configuration file

appears as a text report in CasaXPS.
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A quantification report generated from the standard report options is copied

through the clipboard by pressing the Copy toolbar button or Control-C at the
time the text report window has focus in CasaXPS.
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Any program capable of accepting text via the clipboard can be used to
further manipulate the data. The data placed on the clipboard includes a
variety of tabulation formats, not all applicable to peak-to-peak data.
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Configuration Files for Standard Reports
The configuration files for the standard report are constructed from a set of

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

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

PEAK_TO_PEAK

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

PEAK_TO_PEAK_CONC

% Concentration measured using peak to peak intensity

LINE_SHAPE

Synthetic line-shape for a component

AREA_ERROR_BAR

Std Deviation in peak area measured using a quantification region.

TRANSITION_TAG

Tag string from region or component

POSITION_CONST

Component position constraint string

AREA_CONST

Component area constraint string

FWHM_CONST

Component FWHM constraint string
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Column character appearing above a region or component on the respective propert
COLUMN_LABEL PP & & P P property

page

DEGREES_OF_FREEDOM

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

VAMAS_BLOCK_NAME

VAMAS block identifier

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

SIGNAL_TO_NOISE

Std Dev for noise distribution

CORRECTED_AREA

Peak area corrected by the total sensitivity factor

TOTAL_SENSITIVITY_FACTOR

Combined factor from RSF, Transmission and energy dependence factors

TRANSMISSION

Transmission function value at peak maximum

MEAN_FREE_PATH

Kinetic energy dependence factor

RAW_AREA Uncorrected integral of background subtracted signal
PEAK_PLUS Peak intensity above background
PEAK_MINUS Peak intensity below background

SIMS_PEAK_AREA

Summation of data channel

VAMAS_BLOCK_SAMPLE_ID

VAMAS Sample Identifier string

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

I RegionQuantTable_AUGER.txt - Notepad Q@@

File Edit Format Wew Help

WAMAS BLOCK_MAME rs
WAMAS _BLOCK_SAMPLE_ID

MAME

POSITION

RSF

PEAK_TO_FEAK
PEAK_TO_PEAK _CZONC

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

Each type of configuration file for the standard report options is identified by
key names; specifically, the file called RegionQuantTable.txt provides the
configuration information for the columns in the standard report generated
when the Regions button in the standard report section is pressed. Similarly,
other configuration files with key names are associated with the other
reporting options in the standard report section. These configuration files are
used by default each time a standard report is requested and are most
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appropriate for those users requiring a fixed format for each report
generated.

A further feature allows a choice of configuration files. If a directory exists in
the CasaXPS.DEF directory by the name of QuantTables, then on pressing a
standard report button the user is offered a list of configuration file. The
report format is dependent on the choice made from the list.
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Since all files in the directory CasaXPS.DEF/QuantTables are offered in the
dialog window, the names of the files within the QuantTables directory are

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

&

& QuaniTables |Z| |E|
g

File Edit Wiew Favorites Tools Help i

eBack @ \_) lﬁ /_\J Search U Folders v

Address (2 CiDocuments and SettingsiMealiy Documents'l,WorkingDir'l,CasaZS15Dev82'|,Casa23ISDEVShCasaXPS.DEF'l,QuantTabIes IV | Go
N

— RegionQuantTable _ALUGER.bxt
Texk Document

1kKE

File and Folder Tasks &

11 “1 n

Iilﬂ Rename this file
ﬁ Move this File
D Copy this file

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

survey spectrum recorded from the same sample and located in the same
VAMAS file. By selecting the configuration file prepared for XPS data an
appropriate report is selectively produced; XPS spectra are typically
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quantified using peak area after background subtraction rather than the
peak-to-peak approach of Auger spectra.
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In the event no selection

is made from the dialog window invoked by

pressing the Regions button, the default configuration file for the Regions
button is used to generate the report. The default configuration file for the
Regions button on the Standard report is located in the CasaXPS.DEF

directory with the key name RegionQuantTable.txt.
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] Font.txt
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= regiono:

E] Settings. bxt
E] Spectra,bxk
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The selection dialog window only appears if the QuantTables directory exists
in the CasaXPS.DEF directory. The default configuration file for the Regions
button is automatically used if the CasaXPS.DEF directory is prepared without
the QuantTables subdirectory.

Custom Reports

Custom reports are not configurable and data are presented in columns with
each row of the table associated with an experimental variable. The intention
is to provide a means of profiling changes in spectra with respect to etch time
or angle or any parameter that varies through the course of an experiment.

The Custom Report, like the Standard Report, only applies to the current
selection in the right-hand pane of the experiment frame. Regions and
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components are treated identically within the custom report and are referred
to as quantification items, where both forms of these quantification items
are identified by the name fields used in the definition of the regions and
components. When a VAMAS block is selected in the right-hand pane, all the
region names and component names are collected into a list displayed under
the heading Quantification ltem Names.

Custom Bepart

Huantification lkem Mames -
a1
1
Erl
kol L

Only quantification item names appearing in the Quantification Item Names
list are used in the custom report.
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A custom report is defined in terms of the currently active quantification item
names using the Name and Formula table.

M ames | Formula |
Al Al
1 1
Erl Erl
Mol Mol
o o
frea Report | Height Report | Tag Defined Hepnrt|

The Names and Formula table can be initially populated using the set of
buttons between the two tables. Pressing the Regions button between the
Quantification Item Names table and the Names and Formula table causes
the set of unique region names currently displayed in the Quantification Item

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

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

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

Names and Formula entries:

1. Select the VAMAS blocks containing the quantification regions

previously prepared.
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2. Press the Regions button between the two tables in the custom report

section.

Custom Report
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3. Since the data are in derivative form and therefore peak-to-peak

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

custom report section.
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The resulting quantification table represents two sets of traces, namely, a set
of corrected peak intensities in CPS and a set of atomic concentrations
expressed as a percentage. These data may be placed on the clipboard using
the Copy toolbar button (or Control-C) and pasted into plotting software or
further manipulated in CasaXPS. A VAMAS view of the profiles is obtained
either as a separate VAMAS file or within the current spectrum file using the
File menu offered while the report window has focus.
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The Create Profile menu option causes a new experiment frame to appear
containing two rows of VAMAS blocks. The top row corresponds to the
atomic percentage columns in the quantification report, while the second
row in the new experiment frame corresponds to the RSF corrected peak-to-
peak intensities.
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The second option for displaying the profile data allows the features in the
profile to be correlated with the spectra from which the profile is derived.
Selecting the Add Profile menu option from the File menu causes the profile
data to be added to the original VAMAS file containing the spectra. When a
profile is added to the spectral data, a string is added to the display of the
spectra in the active tile.

85



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

ol V.

I
110 120

Cirl+F2 PEOFILE

The string Ctrl+F8 Profile indicates that holding down the Control key on the
keyboard and pressing the F8 function key cause the display to switch from
spectra to the most recently added profile data.

Crtl+F8

I T L T e HEHE 1 0 P 1000 130 MO0 0O M00 10 400 4500
o - Eich T o] b

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

It is also possible to indicate a range of spectra via the normal selection
mechanism in the right-hand pane of the experiment frame displaying the
spectra. On pressing Ctrl+F8, a pair of vertical cursors indicates where in the
profile the selected spectra correspond in the profile. Again, if a pair of
vertical cursors is placed on the profile trace, on switching back to the
spectrum form of the data, the range of spectra indicated by the cursors on
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the profile becomes selected in the right-hand pane of the spectrum form of
the data.

- ; Crtl+F8

Wi A W0 M G0 dee M 400 4
E1eh T[]

To mark the profile with a pair of cursors, hold the Shift key down while
dragging the cursor across the active tile displaying the profile. On releasing
the mouse button, the drag box marks the position of the two cursors.

An Advanced use of the Custom Report

The profile used to illustrate the custom report involves erbium and
molybdenum. The basic profile created using region intensities suggests a
correlation between the molybdenum layer and the erbium surface layer.
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CasaXFS

Since the erbium Auger peak used in the profile is located near a
molybdenum peak, examining the intensity of the erbium will require a more
detailed analysis than simply following the profiles of region intensities.
Examining the direct spectra at etch-times close to the molybdenum
interface confirms the influence of the molybdenum Auger line on the

intensity measured for erbium.
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It is therefore proposed to calculate the erbium intensity using the

molybdenum region to remove the molybdenum peak-to-peak intensity

contribution from the erbium region. To estimate the relationship between

the peak-to-peak intensity for the molybdenum interference and the Mol

Auger transition, a representative pair of spectra is selected and used to

measure the intensity ratio of the Erl region to the Mol region, where it is

assumed the Erl region is at a point in the profile such that the erbium signal

is negligible compared to molybdenum.

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

custom report:

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

data for an etch-time where erbium is not significant.
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2. Select the Mol name in the Quantification Item Names table on the
Custom Report section of the Report Spec property page before
pressing the Ratio Region button.

Custom RBepart

Quantification [tem Mames
En

Hegions | Comps All

‘| Clear |

Hatio Begion || R atio Camp Hatio Al

M ames | Farmula |
Erl Erl /Mol
Mol Mol A Mo

The Names and Formula table is populated with formulae involving a simple
division with respect to the Mol quantification items selected in the table
above. Pressing the Height Report button followed by the Copy toolbar
button results in a dialog window from which the ratio can be selected,
copied, and then pasted into a new set of formulae for profiling the full

experiment.
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To profile the full experiment:
1. Select all the VAMAS blocks for which regions are defined.
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2. Press the Regions button between the Quantification Item Names
table and the Names and Formula table.

Cugtomn Feport

Quantification [tem Names

F o s

Compsz | Al
Clear

Fatio Region | Ratio Comp | Ratio All |
MNames | Faormula |
il Al
C1 ]
En Erl
0] Mol
o1 o1

Area Repart | Height Repart | Tag Defined Repart |

3. Right-click with the cursor over the name field for the Erl entry in the

Names and Formula

— Standard Report:
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4. Enter the formula for the modification to the erbium intensity based

on the ratio previously determined.

Report Entry Editor El
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Farmula |Er‘| -tol *1.22372

Ingert | Delete |

Cancel

5. Press the Height Report button on the Custom Report Section.
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| 1
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Mal bd ol
01 01
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The custom report table can again be exported using the Copy toolbar
button, or a VAMAS form of the profile can be created using the File menu.
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Ideally, the relative intensity of the Mol peak to the molybdenum peak
measured at the same energy as the erbium should have been measured
using a molybdenum standard rather than assuming a value computed from
the profile data.

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

Least Squares Approach to Depth Profile Interpretation

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

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

n
E aiC;
i=1

The coefficients a; are determined in a least squares sense and the spectrum

spectra ¢;.

IR

)

s is therefore decomposed into component spectra ac;.
By way of example, the erbium/molybdenum problem will now be addressed
using a least squares decomposition.

Least Squares Example

While the data in the Auger depth profile will be quantified using the
differentiated spectra, since the act of differentiation involves a Savitzky-
Golay operation which effectively smoothes the data, the least squares
analysis will be performed on the raw direct spectra rather than working with
already processed differentiated data.
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The first step is to identify the component spectra for use in the least squares
decomposition. Overlaying the Erl VAMAS blocks in the active tile offers an
easy partition of the data into three forms: pure erbium, predominantly
molybdenum, and background signal measured at depths below either the
erbium and molybdenum layers.
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In general it is good practice to improve the signal to noise ratio in the
component spectra by adding together appropriate sets of spectra from the
three zones identified. While the Calculator property page on the Spectrum
Processing dialog window provides a means of combining spectra acquired
under varying conditions, the data from the depth profile are very uniform in
the acquisition parameters; therefore, summing a set of spectra such as
these is achieved in a simple fashion using the Test Data property page on
the Spectrum processing dialog window.
The Test Data dialog window offers a range of miscellaneous processing
options, two of which permit data to be summed without regard to
acquisition conditions. That is, these options are only appropriate for very
specific cases in which all the spectra have identical numbers of data
channels. To sum data from a set of VAMAS blocks:
1. Select an appropriate set of spectra over which a summation can be
performed.
2. Invoke the Spectrum Processing Dialog window and select the Test
Data property page.

u][=1f= P A
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3. Overlay the selected VAMAS blocks in the active tile.
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4. Press the SUM button on the Test data property page.

Note: the SUM All button should not be used as the SUM All button includes
each corresponding variable in each VAMAS block in the summation. Most
spectra include transmission function information as a corresponding
variable; therefore, the resulting spectrum would be incorrect if the SUM All
button were used. The SUM All button is used for imaging data sets where
spectra-at-pixels appear in the VAMAS file as corresponding variables in
VAMAS blocks.

Following the use of the SUM button acting on the spectra overlaid in the
active tile, a new VAMAS block appears in the right-hand pane which
contains the sum of the spectra appearing in the active tile.
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For the current example where three zones within the profile are identified,
the summation steps need to be repeated for the molybdenum layers and
also the layers beneath both the erbium and molybdenum layers. The
resulting experiment frame now contains three additional VAMAS blocks
appended to the column headed Erl. Adjusting the VAMAS block identifiers
for these three summed spectra helps to understand the context of these
data in the experiment frame created by the linear least squares procedure.
The toolbar option for editing the block identifier applies to the VAMAS
blocks selected in the right-hand pane.
A B A

Edit VAMAS |dentifiers All Files

)

|dentifiers

[# Update Block 1d
v Update Sample 1d ﬂ
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[v Update Transition

Block Id: [Ert Sum

Sample [d: ||:5-'C|B 1

Species; |El 1

Tranzitian: |El 1

[ Update MFP Exponent

MFP Exp: |0

flign VAMAS Blacks | Reassian PHI Elocks |

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

Linear Analyziz

BG Subtract

Maormalize CPS Generate Spectra

I

Ayverage

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

1. Select the column of VAMAS blocks representing the erbium

component spectra.
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2. Switch focus to the original experiment frame and

Copy/Paste toolbar button.
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The VAMAS blocks corresponding to the components are now moved to the
original experiment frame.
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Since the component erbium spectra represent the contribution of the

erbium only, the profile is now performed as before based on simple regions

where the component spectra replace the role of the raw erbium spectra.

That is, the component spectra require differentiating and a region created

for the Erl transition before the profiling steps are repeated for the file. The

raw Erl spectra are not included but are substituted by the component

spectra.
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The profile created by this method also removes the apparent correlation

previously obtained by the basic analysis of the profile with simple regions.
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Linear Least Squares

While the linear least squares approach is a powerful tool when used
correctly, the least squares criterion may produce poor representations of
the original spectra due to an incomplete set of component spectra. For this
reason, the results of a linear least squares decomposition are offered in a
new experiment frame with the view to assessing the validity of the
decomposition. Overlaying the raw spectrum together with the least squares
solutions provides a visual feedback of how well the procedure applied to the
profile data.
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A useful option for displaying the spectra generated from the least squares
procedure is the Tile by Row toolbar button.

0|@)| =/ e[E]

Selecting a set of rows in the right-hand pane before pressing the toolbar

button causes the creation of one display tile per row of selected VAMAS
blocks in the right-hand pane where each tile appearing in the left-hand pane
displays an overlay of spectra from a row of selected VAMAS blocks.
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CasaXPS Element Library

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

Element Library Format

The CasaXPS element library is an ASCII file. The first line in the file is a

version number, which may be 0, 1 or 2. Library files updated from version
100
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2.3.15 of CasaXPS are written in version 2 format. The format for version 1
and version 2 files is TAB spaced ASCII organised so that the data are easily
edited in a spreadsheet program such as Excel. The difference between
version 2 and version 1 formatted files is simply the ability of the version 2
format to include additional user-defined TAB spaced fields appended to the
end of the standard set of fields defined for version 1 library files. Each entry
within an element library file consists of the following standard fields:

1. Element
Transition
Label/Name
Mass (Daltons)
Energy Type (BE or KE)
Energy (eV)
F.W.H.M.
Line shape (e.g. GL(30))
Relative Sensitivity Factor

© 0N U A WN

10.Excitation source string
These standard fields when viewed via a spreadsheet appear as follows:

E3 Microsoft Excel - casaXPS.lib

@ Ele Edit View Insert Format Tools Data Window Help Acrobat - -8 X
D& =- [{lE 2 aa -0 - B I USE=EEHF R E -B-A- Y
prifh
J10 - # Mg
A B C D E F G H | 4 K =
1 1 —
2 Bi bp Bi 6p 0.00E+00 BE 3.00E+00 1.00E+00 GL{30) 8.41E-02 Al
3 |Po 6p Po 6p 0.00E+00 BE 5.00E+00 1.00E+00 GL{30) 1.36E-01 Al
4 | At Bp At Bp 0.00E+00 BE 5.00E+00 1.00E+00 GL{30) 1.98E-01 Al
5 Rn bp Rn 6p 0.00E+00 BE 1.10E+01 1.00E+00 GL(30) 2 T2E-01 Al
6 |Fr Gp Fr 6p 0.00E+00 BE 1.50E+01 1.00E+00 GL(30) 3.3TE-01 Al
7 Ra Bp Ra 6p 0.00E+00 BE 1.90E+01 1.00E+00 GL(30) 3. 96E-01 Al
8 |Th bp Th 6p 0.00E+00 BE 4 30E+01 1.00E+00 GL{30) 4 99E-01 Al
9 U Gp U Bp 0.00E+00 BE 1.90E+01 1.00E+00 GL(30) 5.09E-01 Al
10 |Bi 6p3/2 Bi 6p3/2 | 0.00E+00 BE 3.00E+00 1.00E+00 GL{30) 4 56E-02fMg
11 |Po Bp3/2 Po 6p3/2 | 0.00E+00 BE 5.00E+00| 1.00E+00 GL{30) 7 45E-02|Mg
12 |At Bp3/2 At 6p3/2  0.00E+00 BE 8.00E+00 1.00E+00 GL{30) 1.10E-01|Mg
13 |Rn 6p3/2 Rn 6p3/2 | 0.00E+00 BE 1.10E+01 1.00E+00 GL{(30) 1.52E-01|Mg
14 |Fr Bp3/2 Fr6p3/2 | 0.00E+00 BE 1.50E+01 1.00E+00 GL(30) 1.93E-01|Mg
| 15 [Ra Gp3/2 Ra 6p3/2 | 0.00E+00 BE 1.90E+01 1.00E+00 GL{30) 2 30E-01|Mg
| 16 |Th 6p3/2 Th 6p3/2  0.00E+00 BE 4 30E+01 1.00E+00 GL{30) 2.93E-01|Mg
17y Bp3/2 L Bp3/2 0.00E+00 BE 1.90E+01 1.00E+00 GL(30) 3.01E-01)Mg
18 Ph bp Pb 6p 0.00E+00 BE 1.00E+00 1.00E+00 GL{30) 3.48E-02 Mg hd
M 4 » M\ casaXPs,/ |«] | mim
Ready

For a large number of changes, using a spreadsheet is the best means of
constructing a CasaXPS library; however, for small alterations the Element
Library property page offers dialog-window-based adjustments of the library.
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Note how the library entries visible in the spreadsheet include two different
excitation source strings, namely Al and Mg. A single library file may contain
any number of entries corresponding to different excitation source strings;
however, when used in CasaXPS these strings are matched to the excitation
source string in the displayed VAMAS block in the active tile. Only those
library entries for which a match occurs are displayed on the Element Table
property page of the Element Library dialog window. Thus, an XPS spectrum
displayed in the active tile measured with an Al anode, and therefore
assigned a source label of Al, will cause the Element Table property page to
list only those element library entries with matching excitation strings.

The transitions listed because of a match between the excitation source
string and the VAMAS block source label field are supplemented by
transitions with excitation source entries identified using the string Any.
These additional element library entries with excitation source string Any are
for XPS induced Auger transitions, the function of which is to simply mark the
position of Auger lines in any XPS spectrum. Since these Auger lines do not
specify lines used in quantification, the RSF for these Auger lines is typically
zero. An XPS induced Auger line for which an RSF has been established may
be entered into the library using an Energy Type of KE and excitation source
string appropriate for the data.
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The element table offered for the XPS spectrum should be compared to the
entries displayed from the same element library file when the data in the
active tile is an Auger spectrum.
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The transitions offered in the element table are specific to the Auger data in
the active tile. When the Source Label field for the data includes the string
electron gun, the string used to match the entries in the element library is
constructed from the electron gun energy parameter in the VAMAS block.
Hence, in the current example data, since the electron gun energy is 3000 eV,
the string used to display the Auger transitions in the element table is S(3).
Although version 2 of the library format is aimed at editing library files within
a spreadsheet program, a mechanism exits within CasaXPS for making
occasional changes and additions to the currently loaded library file. The Edit
Entry dialog window is invoked by placing the cursor over the Name field for
an entry in the element table before right-clicking the mouse button. The
current set of library fields for the selected peak is displayed on the dialog
window. These fields can be adjusted, then either updated or a new entry
created.
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The Edit Entry dialog window allows the library entry to be altered and then
updated using the OK button. Alternatively, pressing the Create button
causes a new library entry to be added to the element library based on the
parameters defined on the dialog window. The Delete button will remove the
entry used to invoke the dialog window.

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

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

/: - - - CasaXPS_format_aes_CuAg.xlsx - Microsoft Excel - B X
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A set of sensitivity factors for AES are published in the book edited by Briggs
and Grant (ISBN 1 901019 047); different instrument manufacturers
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recommend different sensitivity factors for specific instruments, so an
appropriate library for a given instrument should be prepared.

Importing a JEOL Element Library

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

H| dif10k¥.ROI.txt - WordPad
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Importing these files into CasaXPS involves the Input File property page on

the Element Library dialog window.

To import a JEOL formatted file:
1. Using the File dialog invoked by the Browse button, browse for the
ASCII file. Select the file and press the Open button on the File dialog.
The selected file is entered onto the Input File property page.
2. Select the radio button labelled JEOL AES.
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3. Enter the information into the element library by pressing either the
Load button to overwrite the existing element library or Merge button
to add the new entries to the current element library.

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

Concentration Calculation

The principal means of comparing XPS/AES samples in CasaXPS is via
percentage concentration values. The names assigned to these quantities are
an indication of the source for the values rather than an assertion that the
tables necessarily contain atomic or mass concentration for the surface
material. The accuracy of these concentration values depends on appropriate
transition and instrumental specific corrections as well as matrix context for
the material analysed. The objective in using concentration values to
characterise a sample is to reduce the intensity values to a set of normalised
guantities in the hope that some of the measurement artefacts are removed
from consideration when different samples are compared.

A concentration calculation consists of determining intensities for the
transitions computed from the raw data [;, followed by a correction based on
the transition, encapsulated in the RSF R; and, where available transmission
correction T(E) accommodating instrumental intensity variations. The
concentration X; for an element is given by

i
iz1 A
I
A= TER,
The intensity I; may be measured using peak height above background, peak-

X; = 100

to-peak or peak area. For mass concentration the raw intensity is multiplied
by the mass for the element. The essential feature for these quantities is the
normalisation to the total signal measured.

While the standard method for measuring intensity for Auger spectra is

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

To reveal the set of possible background types, hold the Control Key down
and left-click the mouse with the cursor over a background type string on the
Regions property page of the Quantification Parameters dialog window.
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The alternative methods from peak-to-peak for computing peak intensities
are for spectra in direct mode:
1. Peak height above background, where the background intensity is
measured at the left hand side of the quantification region.
2. Peak height above background, where the background intensity is
measured at the right hand side of the quantification region.
3. The ratio of the Peak height above background to the background
intensity.

The background types corresponding to these options are Height Left, Height
Right and (P-B)/B.
Height Right:
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Height Left:

HEE
T o T
s oL BEE
x 10 Regions | Companents | Data Editor | Repott Spec. | RPT Repott|
45
] single tegion I Cale Mar
404 Flegions &
Name Bgl
ASF 32013
35 Start 317580
q End [JDL
86 Type [[Hegh Lo || AeighiLe
o] A o v T
] St Offset 0
End Dfset 0 0
Cross Se... 239542 51
w 257 - Tag | T
3 Height Left wes  [TOUTHET
SidDew
207 fshm 356225 10,7933 37474
Pastion 1) CiE] 514
b 7834 57
15 M Heighl | 7/22400 | 7215133 | 515067
k| Min Height |00 00 00 v
<
104
Ceate | CdouateEnoiBars | Delte |
5] Cieate From Labele | Save Regons | Copy and Pasts |
Tntensty Caibration
Copy Names|
0, I~ hutomatic [o Updat
T T T T T T T T [0 | o o oo
200 300 400 500 600 700 800 900 1000
kinetic energy (eV)

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

Auger Imaging in CasaxXPS

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

218 um 218 um
—— Max: 25985.7 B — Max: 8876.9
25985.7 "N 8876.9
118.1 | . &0 o™ ] § 0.0
Siz 1 Min: 118.1 Au2 3 Min: 0.0

CasaXPS

Auger images, when measured at a peak maximum are often difficult to
interpret. Fluctuations in the signal as a function of position on the sample
causes variation in the pixel intensities independent of the chemical
information desired from the surface of the material. The difficulty arises
because Auger images are typically collected in direct mode at the peak
maximum and unlike spectral measurements, are often taken in isolation;
background variations are sufficient to hamper the interpretation of such
images. In an attempt to reduce these effects, images are often also acquired
at an energy representative of the background and sometimes at a second
background energy, with the view to including a contribution from the
background to the final image and thereby improving the estimate of the
peak height at each pixel. A common calculation for an Auger analysis is the,
so called, topographical correction computed from the peak maximum N;
and a background image N,, namely (N;-N,) / N,. A variation on a theme is to
compute an image from (N;-N,) / (N:+N,).

The principal reason for analysing Auger images using peak and background
intensities is the time constraint of doing more; however, the benefits of
applying spectroscopic techniques to image analysis may, when possible, out
weigh the time penalty of performing the extended acquisitions of images
and allow spectra at each pixel to be determined. The example examined
below (data provided by Pennsylvania State University, USA), is a simple
experiment in which a gold grid is placed over a clean silver surface, and a set
of Auger images are acquired at unit eV step size across a silver Auger peak.
As luck would have it, a weak gold Auger line is also included in the energy
range over which the images were recorded and therefore the data set offers
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a means of illustrating a simple, yet effective procedure for creating
elemental Auger images. Viewing the full set of images in the raw direct
mode intensity leaves the impression that the grid is silver rather than gold.
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Rather than using the direct spectra, following the conventional wisdom for
Auger spectra, the data are differentiated and peak-to-peak measurements
made for each pixel in the image. Simple quantification regions are defined
on the spectra, one for the silver Auger line and one for the weak gold Auger
line.

Ag Region Au Region

Arbitrary Units

T T T T T T T
335 340 345 350 355 360 365 370

Kinetic Energy
CasaXPS

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

An %Height Min: 7.9

Casa{F3
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The results are two images, where the silver image is free from intensity
variations other than the elemental surface composition. A comparison with
an image obtained from a topographically corrected intensity shows how the
normalisation to the total intensity for both Ag and Au regions eliminates to a
greater extent the shadowing from the gold grid on the silver.

(P-B‘)/B Shadow is not

present in the
concentration
image

Ag Concentration
Regardless of which of the three methods are used to process the raw Auger
images, the most striking point is all three methods recover the true
composition of the grid, namely, gold rather than silver.

343 (P-B)/ (P+B)
CasaXPS

In many ways, the improved quality of the gold and silver images are
reassuring, since for years it has been assumed Auger spectra taken from a
single point on a sample can be compared by determining atomic
concentrations from the relative intensities of differentiated Auger peaks.
The images were determined from the peak-to-peak intensities without
application of relative sensitivity factors, however provided the appropriate
data are available, proper atomic concentration images are possible and
these images allow the surface to be viewed using the same regime normally
adopted for spectra.

Auger Image Analysis Steps in CasaXPS
The essential sequence of steps required to process the image data is as
follows:

111



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

1. Convert the image set to spectra at each pixel.

2. Differentiate all the spectra.

3. Define quantification regions for each transition and propagate
these quantification regions to each VAMAS block containing a row
of spectra.

4. Convert the region intensities to images.

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

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

CasaXPS Licensed 1o:A1 CASA - [auger?.vms]
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Ordering the Images using the Experimental Variable

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

Energy (e¥)

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

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

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

Species/Transition Assignment E]

Element  [Agséu
Transition

Cancel

D@ d EREeEeD e LN 1 h 4
neaes | : ¢

3701

366 5
XY

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

buttons Eﬁ@ provide a means of assigning the experimental variable value
on bulk; however the left-most of this pair of buttons offers a means of
specifying a range of values for the experimental variable, where each row of
VAMAS blocks will be assigned intermediate values. Thus, following
rearrangement into a single column, the VAMAS blocks are assigned the
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appropriate experimental variable values by specifying the range 370 — 351
eV.

Ekch Time: Al AU
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Similarly the second file can be adjusted into a column of VAMAS blocks by

assigning the same element/transition strings to each VAMAS block used in
the first file and reassigning the experimental variables for the images using

the Etoolbar button to specify the range 350 — 331 eV. After making these
assignments for the experimental values to both files, the two sets of VAMAS
blocks can be merged into a new experiment frame.

Copying VAMAS blocks between Experiment Frames

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

toolbar button @
Dh:n-_\;T \om |M|R |b B | | 1 ] ) || =] e[ 8] ] =%

[s 1T Y B Y e e e A e Y

EEEr 3T R T

i Experiment Frame with Focus m_@

BRYERERERRSL L

On pressing the toolbar button a dialog window listing all the selected
VAMAS blocks provides a means of checking only the intended blocks are
selected.
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The OK button on the dialog window accepts the selection and results in
copies of the selected blocks being merged into the experiment frame with
focus.
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Although the VAMAS blocks now appear in the same experiment frame all in
one column and the map energy is assigned to the experimental variable,
there is still one possible problem. The images are ordered from high kinetic
energy to low and so the spectra, when generated, will be assumed to be XPS
data rather than AES. It is also possible that the merged files appear back to
front, from the energy scale perspective, and so the true order of the images,
with respect to energy, may yet be realized. The functionality in the second
button for assigning the experimental value is required to force the

appropriate reordering. The dialog window invoked by the Iﬁright of the
two toolbar buttons allows the assignment of the experimental variable for a
selected set of VAMAS blocks.

Edit Experimental Variable by Rowr E|

Exp Varable Label  |Image Energy

Exp Variable Value  |370

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

Given the set of images, now ordered with respect to energy, the analysis
proceeds by converting the image data set into a set of spectra, one
spectrum per image pixel. The conversion from images to spectra is achieved
using the Image Processing property page on the Image Processing dialog

window.
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To invoke the Image Processing dialog window, click on the displayed image

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

The converted spectra appear in a new experiment frame, where the
experimental variable is labelled pixel and the values for the experimental
variables represent row indices of the pixels in the original images.
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Each VAMAS block contains an entire row of spectra; the spectra are stored
as corresponding variables in each VAMAS block and as a result of the
method used to store the spectra at pixels, a new processing option on the

Differentiation property page of the Spectrum Processing jﬂdialog window
specifies that the operation should be applied to all the corresponding
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variables in a VAMAS block, rather than simply to the corresponding variable

currently displayed in the active tile.

FogecgngHigtor | Cafiraton | Intensity Calb. | Smoothing |
Integration ] Test Data 1 FCA I Calculator I

Method Smoothing Wwidth

' 5G Quadratic 5

" 5G Quartic

I I &pply to all comesponding variables I

Apply ‘

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

Quantifying the Spectra at Pixels to Produce Images

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

peak.
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The Tag field is also used to switch between other parameters determined
from regions such as fwhm, position and centroid; using these various region
outputs, the surface mapped by the images can be viewed with respect to
peak broadening or peak shifts. Again the Tag field is entered with the
appropriate keyword string e.g. fwhm, position or centroid.

Once quantification regions have been propagated to each VAMAS block in
the spectrum file, the corresponding images are generated by overlaying all
the spectra from the VAMAS blocks in the active tile and pressing the Convert
Regions to Images button on the Image Processing property page.
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Ideally, images for each element identifiable on the sample surface should be
measures and a similar analysis to the Ag and Au data performed for each
element. In this example only two elemental images were recorded, but
nevertheless, proceeding to the quantification step based on the two
available images has merit in that the resulting images are normalized with
respect to each other across the field of view.
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The button labelled Quantify Images can be used to perform the operation.
The calculation assumes the images are generated from either quantification
regions or synthetic components, both of which are in units of CPSeV (for
area based intensities) or CPS (for peak-to-peak measurements), therefore
the new images are generated simply using the formula I; / (lo+l;+ ... +l,).
Intensity adjustments for relative sensitivity are accommodated by entering
an appropriate value in the RSF field in the quantification regions or
components. To perform the quantification step, overlay all the images in the
active tile, then press the Quantify Images button. A new experiment frame is
created containing the quantified images.
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Note, a second button labelled Quantify Peak — BG offers a second means of
guantifying a set of images. The procedure in this case does not involve
images pre-processed using spectral regions or components and therefore
adjustments for time will be included in the calculation. This is neither
appropriate nor desirable for data processed as described in this section, but
is available for use with raw images, where a less sophisticated approach is
adopted.
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RBD Instruments Inc. Auger Scan

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

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

Survey Spectra

Direct spectra acquired in EN(E) mode provide an opportunity to visualize the
data in the form as acquired:
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or numerically differentiated:
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Data acquired in differentiated mode differs in the sense that the baseline to
the data does not necessarily approximate zero.
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The original form for these data files:

[ DO2_12_spect2.txt - Notepad
File Edit Format Yiew Help
Element ; Region 1 of 1; Depth Cycle 1 of 1; Time Per Step 100; Sweeps 2; AES;
30 1232247
g% %ggjgg B AES Cu calibration.txt - Notepad
33 122237 File Edt Format Wew Help
34 121600 - :
35 120847 Element ; Region 1 of 1; Depth Cycle 1 of 1; Time Per Step 50; Sweaps 3; AES; A
36 118720 |30 39445
37 11815 |31 39630
38 115548 |32 39823
39 114501 f33 40021
40 115197 |34 40227
41 116886 33 40376
42 118504 |38 40415
43 1zoo7a |37 40602
44 121453 |38 40732
45 122451 |39 40822
48 124376 |40 40874
47 125324 |41 40932
48 125770 f42 41008
49 124622 [43 41141
44 41223
45 41378
48 41695
47 41857
48 41982
40 42310
50 42723
51 43050
w

are essentially the same. Since modern instruments typically acquire the
Auger spectra in direct mode, the data are assumed to be recorded in direct
mode. The implications for the VAMAS file created from these ASCII files are
that the VAMAS fields entered by default may need adjusting for the specific
data type. The most notable information requiring adjustment is the electron
gun energy and the VAMAS technique fields. Both fields influence the ease
with which data are quantified.
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The VAMAS block technique field is assigned by default the value AES dir;
data acquired as differentiated signal should be assigned the technique AES
diff. CasaXPS uses the technique field to determine the type of annotation
information placed over the display when the Region property page on the
Annotation dialog window is applied. For data known to be differentiated,
the Region property page creates a table in which peak-to-peak height
intensity is reported and used to calculate the atomic concentration. If the
data cannot be identified as differentiated, the table offers peak area results.
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An annotation table created from differentiated data either acquired in that
form or externally processed prior to importation into CasaXPS must be
assigned a technique type of AES diff.
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Direct data differentiated within CasaXPS automatically displays the
annotation table in terms of peak-to-peak height and peak-to-peak atomic
concentrations. The combination of data assigned the technique AES dir and
the presence of a processing instruction for differentiating the data displayed
via the Processing History property page on the Spectrum Processing dialog
window trigger the display of peak-to-peak annotation table.
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Note: spectra differentiated in CasaXPS, but copied to a new VAMAS block
using the Processed Data Only option will no longer include any processing
history and therefore the technique in the copied VAMAS block should be

assigned a value of AES diff.
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Quantification of spectra involves the correct assignment of an RSF to a
transition. RSFs are stored in the element library and to access the
appropriate set of transitions for a particular piece of data also requires the
correct assignment of the electron gun energy in the VAMAS block containing
the data. By default the electron gun energy is assigned a value of 3000 eV.
Many older instruments do not have computer control of the electron gun
and therefore user intervention is required to specify the actual electron gun
energy for the data. The electron gun energy determines the table of RSFs
offered via the element library corresponding to the data displayed in the
active tile. Quantification regions created via the Element Table property
page of the Element Library dialog have RSFs entered into the RSF field based
on the table of library entries visible on the property page. It is therefore
essential that the correct electron gun energy is assigned prior to the
creation of regions.
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A VAMAS block with Source Energy set to 3000 eV and Source Label set to
electron gun results in the Element Table being populated with those library
transitions with Excitation Source string S(3). Similarly, a Source Energy of
5000 eV matches to library entries with Excitation Source string S(5).

Multiplex Auger Spectra

An Auger Scan file may contain more than one spectrum. These spectra
typically represent narrow scan data measured for energy intervals in which
Auger peaks are expected.

& Auger, Multiplex. txt - Notepad

File Edit Format Wwiew Help
Cycles 73 Regions 4; AES; -~
1l ML xR s1
54,8535 35.3035 5.659804 4.10504
Element C1; Region 1 of 4; Depth Cycle 1 of 1; Time Per Step 50; Sweeps 14; AES;
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246 447,456
247 447,456
248 468,29
245 473,711
250 442,41
251 308, 847
252 359,004
243 231,371
254 314,132
255 204, 344
256 295,218
257 284,703
258 270,534
255 255.632
260 241,21
261 222,327
262 1590, 783
263 133,791
264 37,508
hd
< >

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

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

Depth Profile Data

Auger depth profile data are exported from Auger Scan using a distinct

format from data exported as multiplex spectra.

Fle Edt Format YView Help

pepth Cycles 31; regions 4; sputterTime Continuous 1787; AES; ~
NumberofPresputtercyclas 1;

Cycle  All 531 cl ol

a 50180 007,57 66845 265210
1 45650 5385 6B56O7.5 262635
2 48342.5 4582.5 31220 203640
3 67115 6085 31955 287058
4 620087.5 5482.5 34787.5 282353
5 50715 5030 36050 281658
4] 63637.5 5752.5 3B157.5 278465
7 54530 G882.3 39705 281048
8 51502.5 9152.5 38760 276695
El 54077.5 7490 38347.5 272378
10 54050 5432.5 39035 268598
11 51205 6845 45630 267760
12 45440 4642.5 43630 238308
13 53945 G622.5 42775 236393
14 55455 16365 33503 1674832
15 36760 109820 24880 76950
16 20857.5 260503 13137.5 23182.5
17 13257.5 364205 10785 6102
18 21510 402188 12055 4240

5
5
19 22542.5 417005 6B877.3 4135
20 254275
21 27207.5

22 26925 430190 B205 4120

23 26025 430338 5320 3637.5

24 24425 431360 6055 53422.5

25 25562, 5 431898 7185 4525

26 24700 434015 7967.5 4507.5

27 28335 434770 5160 4895

28 27877.5 437860 4442.5 4502.35

20 26815 433838 75B2.3 4332.5

30 2B017.5 437365 B207.5 4567.5

Element Al1l; region 1 of 4; pepth Cycle 1 of 31; Time Per sStep 400; sweeps 1; AES;
48 233694

48,5 232364

49 230834

49.5 229122

50 230277 v
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These data are organised into a VAMAS file using the acquisition region labels
and etch times. The resulting array of VAMAS blocks as viewed through the
right-hand pane of the experiment frame provides the mechanism by which
regions are propagated to data from identical transitions.
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A sputter depth profile involves removing material with an ion-gun
interleaved with acquisition cycles where spectra are recorded from each
new surface uncovered by the etching process.

/i

Etch Al C)(Oy
Etch
T
Etch
Acquire
Etch

A consequence of etching the material is that the environment for each

surface changes with etch time and therefore the nature of the data alters
too. An interface between layers may cause a change in chemical state for a
transition. For example SiO, on elemental Si can cause shifts in peak positions

due to charging conditions changing as well as chemical shifts in the peak
positions. Differences in the data over the course of a profile are
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accommodated in CasaXPS by allowing each VAMAS block to maintain region
parameters specific to the spectrum in the VAMAS block.
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Regions are created using the Regions property page of the Quantification
parameters dialog window. The regions displayed on the Regions property
page are the regions defined on the VAMAS block displayed in the active tile.
If more than one spectrum is displayed overlaid in the active tile then the
VAMAS block selected first using the right-hand pane is the active VAMAS
block in the active tile. The Regions property page displays the regions
defined on the active VAMAS block in the active tile. Any alterations to region
parameters only apply to the active VAMAS block in the active tile. It is
therefore possible to create regions most appropriate for the individual
spectra by displaying the spectra one at a time in the active tile and making
adjustments appropriate to the spectrum. Typically, such adjustments are
only necessary for a limited number of spectra and the majority of spectra
require essentially the same region parameters. The propagate mechanism
allows a region defined on a spectrum to be propagated to other spectra
based on the selection in the right-hand pane.

For the depth profile under consideration, the oxygen Auger peak is
measured from four different environments.
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Regions for each of these four environments are specified by, in turn,
overlaying the data in the active tile. Creating the first region for the set of
VAMAS blocks displayed in the active tile, followed by propagating the region
to VAMAS blocks containing similar data.

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

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

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

frame with focus.
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TOF SIMS

The Nature of ToF Spectra
Time-of-Flight Mass Spectrometry (ToF MS) is based on the principle that ions

created from a sample are accelerated into a flight tube using an electric
extraction field resulting in each ion of a given charge acquiring a
characteristic energy from a tight distribution of possible energies. Since the
kinetic energy of the ions are nearly identical, the velocity attained by ions
with differing mass must also differ, thus the time taken for an ion with a
given charge to travel a given distance down the flight tube to the detector
discriminates between ions of different mass. Specifically, the mass of an ion
is proportional to the square of the time taken to travel a fixed distance.
Thus, ToF MS works on the basis of a stop-watch; a start event occurs as the
extraction voltage is pulsed, followed by a sequence of stop events
representing the arrival of ions at the detector. To process a ToF mass
spectrum from the raw timing data, a histogram is created from the set of
time values, where the time events recorded during an experiment are
counted into time-bins. The relationship between the time events and the
mass of the ions responsible for the time events allows the time-bin
histogram to be viewed using a mass scale.

CasaXPS displays the ToF intensities with respect to the time bin indices, even
when a mass calibration is available. Converting a spectrum to mass binned
intensities involves a mapping which cannot be reversed; explicit steps must
be taken to perform the transformation between time and mass.

The following two plots are for the same data, both viewed in the time
domain. The mass range in these two plots is identical.
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The same spectrum plotted using a linear mass step size changes the
perspective of the data as follows.
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Spectra from ToF instruments traditionally appear as a single spectrum over a
wide range of mass. The spectral display reflects the parallel nature of the
technique in the sense that counts are allocated over the entire range of time
bins for each pulse of the ion gun. This is in contrast to quadrupole or
magnetic sector MS instruments where the signal is only recorded one mass
bin at a time. Nevertheless, for high resolution ToF MS the majority of time
bins, particularly at low mass, contain little information, therefore CasaXPS
offers a means of converting ToF spectra from a single monolithic data set
into a set of mass intervals representative of the useful information content.
Each nominal mass, based on the current time to mass calibration, is isolated

into individual VAMAS blocks. Presenting a ToF spectrum as a set of many
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VAMAS blocks favours the tools within CasaXPS providing the basis for data
comparison and peak analysis via synthetic peak models.
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The partitioning of the time bins into suitable mass ranges around the
nominal masses requires a calibration for the mass scale.

ToF Mass Calibration

The relationship between the mass m of an ion and the time taken for the ion
of a given charge to travel a fixed distance is quadratic in the flight time t. For
an ideal system, the time-to-mass relationship is:
m=[(t—t,)/b]?

where t, represents a time offset and b scales the time values appropriately.
Since knowledge of these two parameters t, and b is sufficient to describe
the relationship between the mass and time-of-flight, given two mass/time
pairs the calibration parameters can be determined from a pair of
simultaneous equations. In reality, assigning the mass/time coordinates from
the time-binned spectra is not exact and therefore the time-to-mass
calibration must be computed in a least-squares sense using multiple
mass/time pairs. Further, the choice of mass/time pairs must be carefully
made to ensure accuracy of the calibration for both interpolated and
extrapolated mass regions. Those mass regions falling within (interpolation)
the set of mass/time pairs used to create the calibration will be more
accurate with respect to the time-to-mass calibration than those outside
(extrapolation) the interval containing the mass/time pairs included in the
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least squares fit. It is therefore important to calibrate a spectrum using peaks
over as wide a mass range as possible and check that peaks, once calibrated,
can be sequentially assigned to nominal masses. The following describes the
tools in CasaXPS for calibrating a spectrum of time-bins with respect to mass
and how to assess the success of this procedure.

C2+H'3 C'2+4H4  [C'2+H'5 [C'2+H'6  [C'2+H'7

27 28 29 30 31 32
Mass (amu) [time plot]

Figure 1

C3+H'5 C3+H'6  [C'3+H'7  [C'3+H'8  [C'3+H'9

41 415 42 425 43 435 44 445 45 455 46
Mass (amu) [time plot]

Figure 2: An example of a poor mass calibration based on extrapolation.

When calibrating the mass scale, the primary objective is to assign each
visible peak to a nominal mass. For some spectra and instruments, there may
be perfectly good reasons why this objective may fail, but in general each
peak in the data should be associated with a nominal mass; any mass defect
from the nominal mass provides information about the atomic or molecular
ion responsible for the peak. It is not necessary nor is it always possible to
attribute each peak to a known ion, however, when properly calibrated, if the
observable peaks deviate from the sequence of nominal masses then the
accuracy of the calibration may be in doubt. The problem of calibrating the
mass scale reduces to identifying a set of peaks sufficiently well distributed
over the mass scale to provide plausible mass assignments for each and every
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peak in the spectrum. Figure 1 is an example of a mass calibration in which
the set of peaks displayed matches well with the computed mass positions;
however the calibration is performed using only those peaks within the
window in Figure 1 and a similar agreement, when using the same
calibration, for the molecules shown in Figure 2 is not achieved. The poor
mass calibration is remedied by simply including at least one of the peaks in
Figure 2 as part of the calibration set. The concept of progressively adding
calibration points to the set used to mass calibrate a spectrum is developed
in following sections.

Calibration Based on Nominal Masses
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Figure 3: Nominal mass calibration

The procedure for calibrating a spectrum can be summarised as follows:
following an initial assignment based on at least two peaks, new peaks are
progressively added to the set of mass/time pairs until the observed peaks
are sequentially associated with nominal masses. The spectrum in Figure 3 is
calibrated based on nominal masses and an iterative improvement
procedure. This process can be performed manually using the Exact Mass
property page (Figure 4), where peaks are associated with formulae using the
mouse, or alternatively nominal masses are used in a sequence of steps
involving repeatedly:
1. Finding the peaks using the Find Peaks button.
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2. Replacing the current calibration list by nominal masses and times
determined from the regions obtained from the Find Peak operation.
The Load Regions button transfers the required information from the
current set of regions to the calibration list on the Exact Mass property
page.

3. Recalibrate the mass scale by pressing the Calib C,t0 button.

M Element Library E|§| EJ

EIementTabIe] Periadic Table] Input File  Exact Mass I

Mame | M azs | Time Bin | F i
143 143 52119.4

151 151 534704

152 152 53638

157 157 544631

168 168 562398

170 170 56557 6

171 171 BEF137

172 172 BEa825

182 182 5a417

183 183 5a557 2 “
4 *

AddFormula | [ Define Time 3P Calib ‘ Calib C0 ‘

Delete Entry | Clear Markers | Find Peaks ‘

Delete Al [~ Zoom | Creste  LoadAegions
Create Peaks

Load .. ‘ Save .. | MovetULib...‘ EHMT|

Figure 4: Exact Mass Calculator Property Page.

The Find Peaks button uses a threshold to identify peak structures in the
data; then for each peak identified, a region is created on the spectrum using
the name derived from the nominal mass determined from the region. The
Load Regions button transfers those nominal mass names and computed
positions to the calibration table on the Exact Mass property page for which
the computed mass is within a tolerance of the nominal mass. The search for
these acceptable mass/time pairs begins with the low masses, so the initial
calibration should begin with small masses, but typically greater than 10 amu.
With each repetition of these steps, the number of regions loaded into the
calibration table should increase until, ideally, all the peaks found are
included in the calibration table. At this point, the spectrum so calibrated
should be surveyed to ensure the peaks, both minor and major, are
associated with the nominal masses on the abscissa scale.

141



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

50 x 10°

453
40
35
30

9 253

© 207

153

107

5:

C'_ I Iﬁu : 1

T T T T T T T I T T T T T T T I

20000 40000 60000 80000 100000
Time Bin (s)

Figure 5: Raw time-binned spectrum.

Calibration using nominal mass values is not always appropriate, for example
heavy molecular ions; however, for some spectra, calibration using exact
masses is equally inappropriate. The data in Figure 1 is an example of a
spectrum for which it is beneficial to use nominal masses rather than exact
masses; the spectrum derives from a total ion list file containing image
information and minor variations in acquisition conditions across the imaged
surface cause small shifts in the underlying peaks summed to form the total
ion spectrum. Peaks are neither high enough in mass resolution nor well
enough defined in terms of position to use an exact mass position. The latter
can be demonstrated using false colour images to extract spectra from
different zones on the image.

An Example of Mass Calibration using Nominal Masses

Initially the spectrum is without a mass calibration as seen in Figure 5. The
first step is to identify two peaks.
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Figure 6: Two peaks are identified by creating quantification regions.
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The regions defined on the spectrum in Figure 6 represent the initial pair of
mass/time coordinates used to produce a rough calibration for the mass
scale. The regions are created using the Regions property page on the
Quantification Parameters dialog window. Each region calculates the time-
bin representative of the peak, while the mass corresponding to the
computed time-bin is entered into the name field of the quantification
region. In this case, the name fields are entered with the nominal masses 15
and 23, although these values could equally well have been entered using the
formulae C+H*3 and Na, respectively. Calibration based on these two regions

is performed by pressing the @toolbar button. When the toolbar button is
pressed, any spectra appearing in the Active Tile will be calibrated based on
regions so defined on the displayed spectra.

2
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Figure 7: Spectrum after initial mass calibration.

While the calibration in Figure 7 looks reasonable for masses close to the
calibration points, the high mass peaks are poorly calibrated. The largest
peak in Figure 8 differs by about 18 amu from the mass calibration shown in
Figure 3.
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Figure 8: Poor mass calibration for high mass peaks. Same peaks as those displayed using the
inset tile in Figure 3.
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While the initial mass calibration based to only two low mass peaks is clearly
a problem at higher masses, the accuracy is sufficient to begin the iterative
process of build a fuller set of mass calibration points.

M Element Library E‘El@
E\ementTahIe] Periodic Tablel Input File Exact Mass ]
Mame | Mass | Time Bin | Rels
15 15 18991.4 1
18 18 204885 1
23 23 22703.9 1
26 26 24009 1
27 27 24391.8 1
268 268 247772 1
29 29 251611 1
30 30 26629.3 1
kil kil 25902.1 1
< >

CH3

AddFormula | [ Define Tme 3P Cal\hJ | Calb C.t0

Delete Entry | Clear Markers | Find Peaks

Delete Al [T Zoom [ Create | Load Regions

Create Peaks

Load ... ‘ Save...| Meve to Lib | ExMT|

Figure 9: Exact Mass property page.
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Figure 10: Result of Find Peaks with a threshold of 20.

Given the initial mass calibration based on the peaks labelled 15 and 23, the
Find Peaks button on the Exact Mass property page shown in Figure 9 can be
used to assign nominal masses to all peaks characterized by a threshold
value. On pressing the Find Peaks button, a dialog window appears in which a
threshold value can be entered. In the case of the results shown in Figure 10
the threshold value was set to 20. Once a new set of regions are created
using the Find Peaks button, the Load Regions button is pressed, the
consequence of which is the mass calibration table on the Exact Mass
property page is loaded with the set of calibration points determined from
the regions currently defined on the spectrum, subject to the condition that
the mass determined from the time bin for each region is within a tolerance
of the nominal mass entered into the name field of the region. Following the
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initial mass calibration and application of the Find Peaks button, the set of
regions generated by the Find Peaks button in Figure 10 are limited by the
Load Regions button to those displayed in Figure 9. That is, all regions above
nominal mass 31 were sufficiently different from the nominal mass to be
rejected. The deviation of the computed mass for peaks above 31 amu from
the nominal mass is a measure of the error in the original mass calibration.
Given the new set of calibration points, the Calib button on the Exact Mass
property page can be pressed resulting in an improved mass calibration.
Repeating the Find Peaks operation followed by reloading the regions into
the calibration table reveals that peaks up to 53 amu are now included in the
calibration table. A third iteration of these steps produced a calibration table
including peaks up to 228 amu, while a forth iteration extends the calibration
table up to 561 amu, exhausting the set of peaks found using the Find Peaks
button. The mass calibration based on nominal masses is now complete. All
that remains is to verify the mass calibration by stepping through the spectral
peaks to confirm the presence of peaks at each amu and that known peaks
are correctly assigned.
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35 i C+N+H2 [C2+H4
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Mass (amu) [time plot]

Figure 11: High resolution ToF peaks clearly distinct from the nominal mass of 28 amu.

The procedure is not without flaw, so verification is necessary, but can
provide a means of improving an initial calibration with minimal effort. For
high resolution ToF spectra, the use of nominal masses will lead to a rough
mass scale which requires refinement using resolved peaks and exact mass
formulae (Figure 11).

NB: The peak marker in Figure 11 for elemental Si is positioned to the left-
hand side of the peak. When a ToF spectrum is calibrated using the option on
the toolbar, the position of peaks with respect to time are determined from

the regions. While the peak maximum may appear to be a good choice for
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the peak position, the asymmetry typically observed in ToF peaks and the
variety of peak shapes over a spectrum suggest, in general, the peak
maximum is less well defined than the leading edge of a peak. For this
reason, the position of the peak used for the calibration procedure is taken to
be the lower full width half maximum. Hence the peak markers will align with
the leading edge of the peaks rather than the peak maxima. Note that the
calibration option on the Exact Mass property page offers the choice of peak
position to the user without limitation.

Recalibration of Mass Scale for ToF Spectra

Occasionally ToF Spectra are supplied as mass binned data. While data in
mass bins is convenient for those without the ability to handle the relatively
large time binned spectra, the possibility exists that the mass calibration used
to mass-bin the spectra may not be accurate enough for the application in
guestion. For high resolution mass spectra, a small error in the original time-
to-mass calibration may lead to the type of uncertainty illustrated in Figure
12, where the peak maximum falls between the two most likely assignments
for the measured data. A recalibration of the mass bins is therefore required.
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Figure 12: An example of a mass-binned spectrum where the original mass calibration is not
sufficiently accurate for the resolution of the peak shown.

The recalibration of mass-binned data differs from a time-to-mass calibration
of time-binned data in that the act of reallocating the counts to mass-bins
from the original time-binned data (performed during the creation of the
mass spectrum), results in the loss of information. Namely, two or more
time-bins may map into the same mass-bin, therefore it is impossible to take
a mass-bin and repopulate the time-bins with the same distribution found in
the original data set. The consequence of there being a fundamental
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difference between these two operations is that, when recalibrating a mass-
binned spectrum, the functional form used to assign the data bins to mass
values must involve a general three parameter quadratic function rather than
the stiffer model used to calibrate time-bins to mass-bins. The two parameter
calibration function recommended for time-to-mass calibration is too specific
to the counting mechanism used to acquire the ToF MS data. The extra
flexibility offered by the three parameter quadratic is needed to model the
errors in the original time-to-mass calibration; the stiffer two-parameter
guadratic model used for time-to-mass calibration is dictated by and
appropriate to the physics of the ToF instrument.

While CasaXPS allows time-to-mass calibration using both the recommended
two-parameter quadratic model and the general three-parameter quadratic
function, the same warning about the three-parameter functional form is
equally applicable to both situations. That is, the flexibility offered by the
general quadratic function allows non-physical solutions for the mass
assignment of peaks. It is possible to create a mass calibration when using
the three-parameter quadratic for which known peaks are apparently
correctly assigned to masses, yet other peaks in the spectrum are incorrectly
assigned. Extrapolation based on the three parameter model should be
viewed with suspicion. Ideally, ToF MS data should be provided in the time
domain, nevertheless situations do occur where mass-binned data must be
managed and therefore CasaXPS provides a mean of recalibrating the mass-
binned data. Figure 13 shows the same data seen in Figure 12 following the
recalibration procedure described below.
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Figure 13: The same mass spectrum after recalibration.
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Recalibration Steps

1. Cancel the Mass calibrated status of the spectra: overlay the mass-

binned spectra in the Active Tile and press the JE toolbar button on
the SIMS toolbar. The label for the abscissa will return to “Time Bin”,
which indicates the data is in a state where a new calibration can be
created. Note, the abscissa values will be bin indices, not true time-
bins, but nevertheless it is necessary to the calibration procedure that
the abscissa label is assigned the string “Time Bin”.

2. Using the Exact Mass Calculator, a new calibration set defining the
relationship between the peaks and the mass assignment must be
established. The procedure is identical to creating a time-to-mass
calibration described elsewhere.

AP Calib

3. Perform the recalibration using the button on the Exact Mass

Calculator property page of the Element Library dialog window.
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Figure 14: A mass-binned peak illustrating the peak deformations due to the re-binning
algorithm used to create the mass spectrum.

An alternative procedure is to create quantification regions and apply the

recalibration using the ﬁ[toolbar button. While possible, this approach
suffers from the information lost during the time-to-mass conversion
procedure, that is, the mass-bins for higher mass values tend to be poorly
defined compared to the original time data (Figure 14). The algorithms for
identifying a peak position and therefore determining the calibration points
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assumes the data obeys Passion statistics, but otherwise varies smoothly; it is
clear from Figure 14 that the mass-binned data contains anomalous values.

Peak Fitting ToF SIMS Data

The features in CasaXPS typically used to model XPS data envelopes can also
be used to analyst overlapping peaks in high resolution ToF SIMS spectra. The
principal difference between ToF SIMS and XPS is that asymmetry in ToF
SIMS peaks is, in general, in the opposite direction to that found for XPS
peaks. As a result, not all line-shapes in CasaXPS are appropriate for ToF SIMS
peaks, however the more recently introduced asymmetric line-shapes of LA
and LF provide a means of creating line-shapes appropriate for the range of
ToF SIMS peaks observed in practice.

The data in Figure 15 illustrates the similarities between XPS and ToF SIMS,
where the mass peaks associates with a nominal mass of 42 are very typical
of polymer XPS spectra such as PMMA or PET. The problems of
understanding the data are also similar in that both the position and the
intensity of the underlying peaks are of importance when identifying the
molecular ions responsible for the measured data.

Name Pos. %pArea

42 a 42.0114 19.12

420 42.0430 10.72
42.0354 7.01
420474 63.15

—’_|_|_|_|_'_|_I_|_|_'_I_I
42 42.01 4202 4203 42.04 4205 42.06
Mass (u)

Figure 15: Example of ToF SIMS peak structure.

The procedure for adding synthetic components to the data involves first
adding a quantification region to the data with background type set of “Zero”
before adding synthetic line-shapes. Creating and adjusting regions and
components is performed on the Quantification Parameters dialog window
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available from the Quantify option on the Options menu or the ||too|bar
button on the top toolbar of CasaXPS. Regions and components are managed
using the tables found on the Regions and Components property pages of
the Quantification Parameters dialog window shown in Figure 16.

The peaks shown in Figure 15 are defined using the parameters displayed in
the table on the Components property page illustrated in Figure 16. The line-
shape parameter in this example is defined using the LA functional form,
where the parameters provide a degree of asymmetry to the right of the
peak maximum. The meaning of these parameters is described below.

M Quantification Parameters
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Figure 16: Quantification Dialog Window.

Line-shapes Suitable for ToF SIMS Spectra

The success of a peak fit is dependent on an appropriate choice for the line-
shape parameter. As stated above, the LA and LF line-shapes offer sufficient
flexibility for most ToF SIMS peak shapes.

The Lorentzian line-shape with FWHM F and position M is given by

;2 (1)
1+ 4()(_9)
f

The functional form is symmetrical about x = M. In order to retain the

L(x: f,e)=

characteristics of the Lorentzian line-shape and yet also introduce
asymmetry, the LA line-shape is defined in two halves as
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[L(x:f,e)]* x<e
LAGx:a,B,f,e) = {[L(x:f, e)]f x>e 2)
LA(a,B,m): Equation (2) defines the first two parameters used in the line-
shape LA(a,B,m) shown in Figure 16. The third parameter m is used to
control the width of a Gaussian convolution applied to the functional form
defined by Equation (2). As a consequence of the definition for the LA line-
shape, an asymmetry line-shape is established by specifying a not equal to B.
Further, is ais greater than B then the resulting peak will be asymmetric with
an extended tail to the right of the peak maximum. Adjusting the Gaussian
convolution parameter causes the extent of the asymmetric tail to reduce
and also shifts the peak maximum towards the extended tail.
LF(a, B, w, m): Identical to the LA line-shape with the exception that the
specified values of a and B are force to increase to a constant value via a
smooth function determined by the width parameter w. The w parameter is
used to restrict the extent of the tail.

Name Pos. L.Sh.

23 7\ 22.990 LA(4.5,1,250)

2299 23 23.01 23.02 23.03
Mass (u)

298

Figure 17: Asymmetric Mass Peak fitted using a single LA line-shape.
By way of example, the elemental sodium mass peak shown in Figure 17
exhibits significant asymmetry to the right of the peak maximum, which can
be modelled using the LA line-shape. Note that the line-shape included in the

annotation of the peak in Figure 17 is achieved by setting the first parameter
to a value greater than unity, thus compressing the tail to the left compared
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to the tail to the right. Further, the Lorentzian tail to the right of the peak
maximum is adjusted by convoluting the functional shape with a Gaussian of
characteristic width described by a value of 250 for the m parameter in the
LA definition. The degree of asymmetry is determine by the relative size of

the first parameter compared to the second, that is a > B.
23

MName Pos. L.5h.
23 220803 LA1321.14)

2297 225928 2295 23 23.M 23.02
Maz= (u
Erintad wsing CasaXDS
Figure 18

The line-shape used in Figure 17 should be compared with the line-shape in
Figure 18 corresponding to a similar sodium peak measured using the same
lonToF instrument but using a different ion gun. The peak in Figure 18 rises
more quickly than the peak in Figure 17, therefore the a-parameter is now
much larger than the B-parameter, which is also set to a value greater than
unity. The larger the values for these two parameters the steeper the edge of
the peak appears. Also note in Figure 18 that the Gaussian convolution is
much narrower than that used in Figure 17. Possible values for the Gaussian
parameter are between 0 and 499; m = 0 corresponds to no convolution
being performed.

Peak Identification and Reduction

High resolution ToF spectra typically consist of numerous peaks, however for
some analyses only a small number of correlated peaks are significant for
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distinguishing between samples. That is, a peak at one mass is only
characteristic of a particular compound when also accompanied by peaks at a
set of very specific masses. Given the plethora of peaks typically present in
ToF MS data, a means of grouping and displaying only significant peaks is
required. To visualise the spectrum with respect to only significant peaks, a
ToF spectrum can be organised in CasaXPS 2.3.15 such that the Element
Library property page simplifies the mechanism by which these significant
peaks can be displayed for visual inspection. In addition to the element
marks, a spectrum can be broken into an array of VAMAS blocks representing
the peak information associated with the nominal masses and the element
library used to display appropriate subsets of these VAMAS blocks for
interpretation.

The procedure for splitting a ToF spectrum into a set of mass calibrated
VAMAS blocks can be performed using the toolbar button indicated in Figure
19. As an alternative approach, for data files for which a mass calibration is
available to CasaXPS at the time of conversion the division of the data into
mass calibrated VAMAS blocks can be performed at the time the data are
converted. Either route to the mass calibrated VAMAS blocks requires a mass
calibration for the data.

CasaXPS Licensed to:A1 CASA - [1.ion.vms] 9[=1E3]
File Wiew ‘Window Options Select Help - O %
0| | e e G| | | | B[ | 5 | | 2 | | oo 7 || i[5 B | B[22
Oe| =@ |l 2slo]ln|alyv 5@ D] es] (] el | sfoes | o]=]
obo || po | BR| | ol ] ¢ [ it] o et ol o] B L[l | o) mlnt| ekt w3[onm[um(um| ek

—— None | ‘Wide
3 =T TR \ 0
x10 + +* +
10 | o000 | Lea | Lo
8
Toolbar button
6

(7]

o

o A

4
; A
50 100 150 200 250 300 350 400450
Mass (amu} [time plot]

Figure 19: ToF Spectrum with data in time domain.
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The data in Figure 19 are converted to a mass calibrated set of VAMAS blocks

by pressing the Jiltoolbar button with hint Split into Unit Mass Spectra. The
result of converting the data in Figure 19 is shown in Figure 20, where the
right-hand pane displays the set of VAMAS blocks derived from the single
VAMAS block in Figure 19.

The display in Figure 20 is achieved by overlaying the full set of VAMAS blocks
from the right-hand pane in the active tile. An inset tile is used to display a
specific VAMAS block, namely the VAMAS block corresponding to a nominal
mass of 42. Note that since the individual VAMAS blocks are mass calibrated,
the overlay appears in the form of a mass calibrated spectrum.
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Figure 20: ToF Spectrum after conversion to mass calibrated VAMAS blocks.

The discussion that follows relates to data prepared in the format shown in
Figure 20. Presenting the spectrum as a set of VAMAS block provides the
basis for the tools within CasaXPS. Before describing these tools, the method
for converting data files directly to mass calibrated sets of VAMAS blocks will
be addressed. Version 2.3.15 of CasaXPS only offers data conversion to the
multiple VAMAS block format for ASCII files formatted using the convention
adopted by the lonToF data system.

lonToF Peak Identification

lonToF spectra are exported in ASCII files in the format shown in Figure 21.
The follow describes the options in CasaXPS for importing these data in
formats suitable for compiling peak lists.
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Figure 21:lonToF ASCII format.
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The SIMS toolbar in CasaXPS offers two toolbar buttons for controlling the

import of data in the format shown in Figure 21. These toolbar buttons are

indicated in Figure 22.

|2

L4g| =9 |us, | 1|

]|

Figure 22: SIMS Toolbar buttons

The traditional method for working with ToF data is based on a single data

block approach, however the tools for peak identification now added to

CasaXPS are organized on a partitioning of the data into numerous data

blocks based on the nominal mass for each group of peaks. The objective is to

analyze a directory of spectra and determine a set of mass peaks and

intensities for each spectrum in the directory.

Converting lonToF Spectra =4

Convert and Merge Directory of Spectra

Look: in: ||.f}f|:ur Meal 1

File name:

Files of type: |f-‘-]| Files *.7)

El

Cpen

Cancel

Figure 23: ASCII txt files exported from the lonToF software.

155



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

A data directory initially contains a set of spectra exported from the lonToF
software as ASCIl txt files. Figure 23 illustrates such a directory which is

displayed using the File Dialog window offered by the Ji‘toolbar button. The
conversion of these data may be performed using several filter strings as
follows:

”

1. “.ion

”

2. “.amu

3. “.sum”.
To initiate a conversion sequence, a name followed by one of the above
strings must be entered into the File name text-field on the File Dialog in
Figure 23. For example, to convert and merge the set of txt files in a format
suitable for peak identification, the File name text-field should be entered
with the string “datafile.amu”. The base-name is arbitrary, however the
extension “.amu” instructs the set of txt files to be converted to VAMAS
format (a new VAMAS file will appear in the directory for each txt file
processed) then these converted files are merged into a single experiment
frame in CasaXPS. Note that these data are large; therefore the process is
both time consuming and requires plenty of PC memory!
The different filter strings determine the nature of the data files generated
from the lonToF ASCII files. The individual VAMAS files generated from the
ASCIl files are identical for both the “.amu” and “.sum” filters; the final
outcome differs however, where the “.amu” filter causes the merger of the
spectra into a single experiment frame as separate spectra equivalent to the
original ASCII data, while the “.sum” filter results in the total counts from the
set of spectra in the ASCII files forming the equivalent of a single mass
spectrum. In both cases, the mass spectrum from each of the lonToF files is
partitioned into VAMAS blocks corresponding to data in the vicinity of the
nominal mass values. Figure 24 shows the result of using the “.sum” filter on
the data directory depicted in Figure 23. Both display tiles in Figure 24 display
an overlay of all the data blocks in the right-hand pane of the experiment
frame and the inset tile shows the data from the three highlight blocks
containing intensities for nominal masses 41, 42 and 43 amu.
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Figure 24: Example of a total counts spectrum formed from the four ASCI|I files shown in
Figure 23.

The conversion filter “.ion” when applied to a directory merges the data into
a single experiment frame containing one spectrum per original ASClII file, but
maintains the data for each spectrum as a single block. While the format
adopted is more traditional for mass spectra, the peak identification option
uses peak-fitting and therefore the format shown in Figure 24 is more suited
to the algorithms involved. The single block of data provided by the “.ion” is
for visual inspection of the full data set and should not be used when peak
identification is employed.

Directory Profiling

The objective addressed by the features described here, is to identify and
guantify in terms of mass assignments and intensities the set of peaks
characteristic of a sample. The peak structures within a ToF spectrum are
illustrated in Figure 25, where it can be seen that at least five overlapping
peaks to varying degrees are responsible for the data envelope. Peak
intensity and peak position are determined for these types of peak structures
using optimized peak modelling. The very fact that peak modelling is required
highlights the difficulty of automatically identifying all the peaks for a given
data envelope. For a directory of similar spectra, automatically identifying
mass peaks from data such as that in Figure 25 is fraught with dangers and
therefore the strategy in CasaXPS for processing directories of similar spectra
is one of aiding the construction of a template spectrum, for which peak
models are prepared to be exhaustive with respect to the data under
analysis, then the automatic application of the template models to a
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directory of spectra forms the basis for extracting the quantitative
information for each spectrum in the directory.
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Figure 25: Mass peak structure from a ToF spectrum.

The creation of peak models for each significant mass peak in a file such as
the one shown in Figure 24 is central to the profiling options in CasaXPS.
About 500 data blocks corresponding to the nominal masses potentially
require the construction of regions and synthetic peaks. The success of the
template approach relies on the peak models adequately describing the
peaks with appropriate constraints in terms of relative positions and FWHM
to permit the peak intensities to be calculated from the fitted model. To
assist this initial step, an option on the Exact Mass Calculator property page
of the Element Library dialog window offers a means of creating peak models
based on a threshold limit.

The Create Peaks button on the Exact Mass Calculator property page (Figure
26) uses the threshold value to limit the number of peaks created for a given
data block.

- aEs)|

Elemert Table | Periodic Table | Input Fle  Exact Mass I

Thisshold Counts~ [700

Maise Filter width 5
>
Maise Filter Depth 3
o muei ey T et

Deete Frtry | Clsar Markers | Find Peaks

Delete Al | [ Zoom [ Create  -oad Regions

Create Peaks

ad . | Save. | Moewlb.| EMT

Figure 26: Exact Mass Calculator Property page.
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The peak creation mechanism uses the threshold value entered on the MS
Peak Threshold dialog window to create a region and synthetic peaks for
each data block overlaid in the active tile. The smaller the threshold values,
the smaller the peaks will be that are included in the peak search. Since the
significance of mass peaks may not depend entirely on peak intensity, it is
worth noting that different threshold values may be appropriate for different
ranges in the mass scale. It is therefore unlikely that a single application of
the Create Peaks button will generate all the appropriate peaks, however, by
the user selectively overlaying data blocks and choosing different thresholds,
peaks can be created on large numbers of data blocks while still retaining the
discretion of the operator. Ultimately, the success or failure of the profiling
step will depend on the way these peak models are constructed and time
spent in getting these models right will be recovered by the accuracy and
automatic application of these models to larger data directories.

Profile Directory Toolbar Option =]

The options for profiling a directory of lonToF spectra are as follows:
1. “.amu”
2. “.fit”
3. “wfc”
These conversion filters are used to control the nature of the directory
profile. On providing a base name followed by one of these filter strings, the

directory located by the File Dialog window invoked by the toolbar button

ﬂis scanned for the appropriate file types and, on accepting the Continue
prompt via the resulting message dialog, the set of files are one-by-one
processed to produce several text file reports and a VAMAS file containing
the profile information from the directory.

The two profile filters “.amu” and “.fit” both require a template spectrum to
be loaded and displayed in the active tile. In the case of the “.amu” profile
filter, the ASCII .txt lonToF files are converted to VAMAS files before applying
the template information to these newly converted data, which are also
saved in the processed state as .vms files. On completion, several text files
provide the results of the profile, one offering the context information for the
numerical tabulations located in the other files. In addition, the profile
information is presented in VAMAS format within the current CasaXPS

session.
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The second profile filter “.fit” performs the same sequence of steps as the
“.amu” with the exception that the files processed from the directory are the
“.vms” files. This removes the conversion step from the operation and is
appropriate if, for example, the data directory has been previously processed
using the “.sum” conversion filter described above. The “.sum” conversion
filter generates a single spectrum from a set of files in a directory and also, as
part of the process, converts the ASCIl files to VAMAS format. The total
counts spectrum created from the “.sum” operation may appear in the same
directory as the converted files, but provided the filename retains the “.sum”
sub-string, the total spectrum will not appear in the final profile results
generated from applying the template file to the set of .vms files in the
current directory.

An alternative way to profile a directory of .vms files is to apply the “.vfc”
profile filter. In this case, no fitting is performed, but rather the existing peak
fits within the set of VAMAS files is used to construct the profile information.
The “.vfc” profile filter allows the individual files to be inspected and any
anomalies rectified on a file-by-file basis before creating the profile
information. It is important that the same set of VAMAS blocks and number
of synthetic peaks are used on each of the data blocks, however profiling the
directory without automatic peak fitting allows user-intervention to override

poor fitting scenarios.

Working with ToF Spectra in CasaxXPS

Time to Mass Calibration Procedures

A raw ToF spectrum is recorded in the time domain. Mass calibration of a ToF
spectrum is performed in CasaXPS by identifying a set of peaks in the data
with specific masses; then, by using these pairs of mass/time values a
quadratic relationship between the time and mass scales is created. A linear
least squares procedure determines the two constants within the quadratic
expression and therefore two or more mass/time pairs must be supplied to
perform the calibration procedure. The accuracy of the mass-to-time
calibration is dependent of the precision of the mass/time pairs used in the
least squares calculation; the more pairs used to compute the least squares
solution, the more tolerant the calibration will be to errors in the mass/time
specification.
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CasaXPS offers two methods for calibrating ToF MS data:
1. Peaks and corresponding masses specified using quantification regions.
2. Mouse identification of the peaks coupled with an exact mass
calculator located on the Element Library dialog window.

Mass Calibration using Regions and Propagation of Regions
between Spectra

The Quantification Parameters Dialog window provides a means of
defining time intervals, within which systematic positions are defined
(computed from a peak bounded by an interval) and linked to masses via an
exact mass formula entered into the Name field for the regions.
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Figure 27: Quantification Parameters Dialog Window shown three regions defined for the
purpose of calibrating the time scale to mass.

The spectrum in Figure 27 is an example of ToF SIMS data where three
quantification regions are defined suitable for calibrating the time scale to
mass. The mass associated with each region is entered into the Name field
and may be a numerical value exemplified by the region headed column B or
a string corresponding to any exact mass formula equivalent to expressions
use on the Exact Mass property page of the Element Library dialog window.
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For example, the mass of a peak might be defined using the expression
C+H*3, which when evaluated would result in a mass of 15.0235 Daltons.

% Mass Calibration

One or more time domain spectra can be prepared with calibration regions as
described above and overlaid in the active tile in the left-hand pane of the

experiment frame. On pressing the @toolbar button, each spectrum in the
active tile is calibrated using the peaks within the regions. Since multiple
spectra can be mass calibrated using a single invocation of the toolbar
button, the use of this procedure is supported by the propagation of the
calibration regions to similar spectra, thus avoiding the need to manually
create regions for each spectrum requiring a mass calibration.

Propagation of Calibration Regions

The procedure to propagate the calibration regions from the spectrum as
defined in Figure 27 to two other similar spectra is as follows:

1. Select the VAMAS blocks in each of the two experiment frames
containing the spectra requiring the calibration regions.
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The CasaXPS window is arranged in a tiled format using the Tile option from
the Window menu at the top of the CasaXPS main window. The arrangement
of the experiment frames allows the selection to be made by left-clicking the
first VAMAS block in the experiment frame to the bottom-left and then
holding the Control-Key down and left-clicking the VAMAS block in the
bottom-right experiment frame
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2. The Browser Operations dialog window is invoked by right-clicking the
mouse with the cursor over the left-hand pane of the top-most
experiment frame. The objective is to right-click over the display tile in
which the spectrum containing the calibration regions is displayed.

Browser Operations [z|
i ™ Processing ™ Arnotation Cancel
™ Components I~ EnorBars
™ Match Species/T ransition
Quantific:ation
+ Mane " Regions " Comps " Combined
Source: Wide
Selected Block |d. File Mame:
wide ed]11-1t-4brunl-spectruml_spe_calibrated. wms ; c:\documents and ...
wide edl11-1t-4brunl-spectrum?_spe_calibrated. wms : c\documents and ...
< L

3. To propagate regions to the two selected VAMAS blocks, which are
listed on the Browser Operations dialog window, tick the radio button
in the Propagate section of the dialog window and press the OK
button. Region labels are now visible on the spectra.
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The data in each of the three experiment frames are calibrated by switching

focus between the experiment frames and each time pressing the @toolbar
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button. Control-TAB moves the focus between the experiment frames within
CasaXxPs.
Time to Mass Calibration [‘5_(|

b azz Calibrate all Time Spectra in Active Tile?
Cancel
{+ [, t0 Quadratic [Fecommended)

" 3 Parameter Quadratic

The time to mass calibration for the time domain data may be seen labelling
the x-axis using a quadratic mass scale.
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Mass Calibration using the Exact Mass Calculator Property Page:
The procedure for calibrating a spectrum involves creating a set of
mass/time-bin pairs within the scrolled-list on the Exact Mass property page
on the Element Library dialog window.

The example below illustrates how the columns in the scrolled-list headed
Mass and Time store the information relating these two parameters. Before
an assignment for a given entry has been made, the value in the Time column
is set to -1. The mass for an entry in the table is computed from the chemical
formula entered into the name column.
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M Element Library

Element Tahle] Penodic Table] Input File ~ Exact Mass ]
I ame | M azz | Time Bin | Fis
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C+H*3 15,0235 -1
Ha 229898 -1
7] 269815 95784
T2+ 3 27 020 -1
Si 27.9769 110006
C+M+H2 28087 -1
C2 + H4 28033 110104
L2 + HG 30.0469 1
C2+ H*7 1.0547 -1 -
4 >
A
Add Formua | | ¥ Define Time | ¥FCaib | CaibCio |
Delete Entry ‘ Clear Markerz ‘ Find Pealks |
Delete Al [ Zoom [ Create M
Create Peaks
Load ... | Save . ‘ tove to Lib . ‘ Extd T |

To add an entry to the calibration table:

1.

Type a chemical formula into the text-field below the scrolled list and
press the Add Formula button or press the return key on the keyboard.
The formula for an ion may be entered using the chemical symbols
used to on the Periodic Table property page of the Element Library
dialog window.

Select the name in the scrolled-list. To select a name field, place the
cursor over the text within the Name column and left-click the mouse.
The name entry will appear highlighted when successfully selected.

. Zoom into the known peak in the spectrum displayed in the active tile.

It is important to perform the zoom operation before step 4 is taken.
Tick the tick-box labelled “Define Time”.

. Using the mouse cursor, click on the known peak at a location

representative of the mass already defined by the selected entry in the
scrolled list. The value in the Time column is updated and the Define
Time tick-box is cleared.

At least two entries must be specified in the scrolled-list before pressing the

Calib C,t0 button on the Exact Mass property page. The more entries

assigned mass/time pairs, the better the mass to time calibration will be
computed in the least squares sense.

Once a calibration table has been prepared, a file containing the calibration

points can be saved to a separate text file from the data.
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M Element Library

EIementTaI:uIe] Periodic Tal:ule] Input File  Exact Mass l

MHame | Mazz | Time Bin | Fls
C 12 £5959.8
C+H*3 15.0235 -1

Save Library File

Save jr: |l:'| Kome ﬂ "= £ E-
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Save as tpe: | Lib. Files [* lib] ] Cancel

Load ... | Save ... | Muveh:uLib...| E:-:MT|

These files can be reloaded at a later time to provide an initial calibration for
other data or for making adjustments to the calibration of the original
spectrum used to create the calibration file. Note, while the Save button on
the Exact Mass property page saves the current calibration table, the Load
button will merge a saved file with the current set of entries on the scrolled-
list. To return the table to the entries within a file, it is first necessary to press
the Delete All button. The Delete All button removes the current entries in
the scrolled-list, while the Delete Entry button removes the currently
selected entry.

If an assignment is incorrect, the individual entry must be deleted from the
table. The name field for the deleted entry is entered into the text field
below the scrolled list; therefore a selected entry can be deleted then
reinstated by immediately pressing the Add Formula button. The Time field
will return to a value of -1 and therefore be ignored during any subsequent
calibration operation.

The Element Library from a ToF Perspective

The element library in CasaXPS is an ASCII file. On startup, CasaXPS loads the
default element library from within the same directory as the one in which
the CasaXPS.exe executable file is located. The name of the default element
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library file is CasaXPS.lib and is designed with the view that the element
library can be constructed for specific applications. For example, in the case
of quadrupole MS, a library consisting of elemental isotopes is appropriate to
the resolution of quadrupole mass spectra, while for high resolution ToF MS
a library consisting of entries for molecular fragments is required when
assigning mass peaks.

Preparing an element library file for mass spectra may be performed using a
spreadsheet program such as Excel or tools on the Exact Mass Calculator
property page allowing correctly formatted library files to be constructed
from lists of chemical formulae. Methods for displaying the significant peaks
based on selections from an element library constructed from one or more
library files are described below.

The Element Library and Linking ToF Peaks for Display

High resolution ToF spectra typically consist of numerous peaks; however for
some analyses only a small number of correlated peaks are significant for
distinguishing between samples; a peak at one mass is only characteristic of a
particular compound when also accompanied by other peaks in the
spectrum. A strong link between the element library and displaying data for
inspection is therefore introduced in CasaXPS 2.3.15. The objective is to use
the element library to specify a set of mass peaks grouped with respect to
correlated peaks which are used to makes selections of VAMAS blocks. These
selections of VAMAS blocks containing narrow interval mass spectra combine
with the display tools in CasaXPS to provide a perspective in which overall
spectral distribution and localised peak structure can be assessed with
relative ease.

A ToF data set presented as a set of unit mass VAMAS blocks can be viewed
in the more traditional form of a single plot. The traditional perspective of a
ToF spectrum is achieve by selecting all the VAMAS blocks in the right-hand
pane, then pressing the overlay toolbar button. When viewed as a single
continuous display, all the features for manipulating the display are still open
for use.
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The advantage of creating a set of mass calibrated VAMAS files is that the

spectrum can be dissected and displayed with a variety of options:
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Display one VAMAS block per tile for those peaks greater than 5% of the

maximum peak. All peaks scaled with respect to a specific peak; mass 23 in
this case.
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Scale the peaks on an individual basis.
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Take a closer look at specific peaks.
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Enhancements for manipulating the selection and display for ToF I\/IS data are
available on the Element Table property page of the Element Library dialog

window.

M Element Library E]|E|@

Element T able I Periadic Table | Input File | Exact Mass |

Mame | Mass | TimeBin | RelAbund | Line Shis
] 1.00762 1 99955 GLIO
H2 20141 1 0.01 GLID
Hea 3.01603 1 0.00013 GLID
Hed 40026 1 99,9939 GLID
Li6 B.01512 1 74 GLID
L7 7016 1 926 GLID
Bed a.m21g 1 100 GLID
B10 100129 1 187 GLID
BelD 10.0135 1 0 GLID
BN 11.0093 1 8.3 GLID
c12 12 1 9.9 GLID
13 130034 1 11 GLI0 »
3 >

[™ Zoom'when Line Selected Find Peaks
I” Create When Line Selected

Create Regions
™ Use Library Fu'HM

Clear Al Elements ‘ Edit Black Species/Tians

| Edit Source Analyser Angle

| 87+ #7-|  Overlay LinkedvBs | DisplayLinkedVBs”
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The mechanisms offered on the Element Table property page are described
in the following sections.

Linking Element Library Entries

A CasaXPS library file may be prepared with a set of entries corresponding to
particular sample chemistry. Such a library file can be loaded or merged with
the existing library file whenever appropriate. The essential feature of the
entries in the given library file is that a set of mass formulae are all assigned
the same unique string for the Transition column.

M Element Library.

Element T able IPElindic Tah\e] Input Fi\el ExactMass]

Marne | Mass | Flement | Transiion | ~
THIE] 12 12 H
CHIC+H, 13.0078 13 CH
CH) E+Hx2| 14.0156 14
CHIC+H"3] 15.0235 15 CH
FIF] 18.9984 19 F
CHIC™2+H..  26.0156 26 H
27.0235 27
CHIC™2+H...  28.0313 28 CH
CO[C+H+0] 290027 29 co
CHIC™2+H...  29.037 23 CH
COC+H™2..  30.0105 30 co
CHIC™2+H...  30.0463 30 CH
FIC+F] 30,9384 kil F v

[~ Zoom‘when Line Selected Find Paaks
[ Create When Line Selected -

P Create Regions
I Use Library PufHM

Clear Al Elements | Edit Block Species/Trans

246775:0 Edit Source Analyser Angle

nm‘ nT-| Dverlay Linked VB ‘ Display LmkedVEs|

Using the Selection Mechanism

By way of example, a set of formulae only involving carbon and hydrogen are
assigned the Transition string CH. On selecting one of the entries using the
Name column of the table on the Element Table property page bearing the
CH Transition string before pressing the Display Linked VBs button on the
Element Table property page causes all those VAMAS blocks (in the
experiment frame with focus) to be displayed in the left-hand pane, one
VAMAS block per tile. Thus, a set of related mass peaks can be easily
displayed for inspection.
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A dialog window provides a means of only selecting those VAMAS blocks for
which the peak intensity is greater than the specified percentage of the
maximum peak in the data.

M5 Peak Threshold

Threzhold

The key used to match the VAMAS blocks in the experiment frame is the
string corresponding to the Species VAMAS field within each VAMAS block.
The Species VAMAS field is used in the header string for each column of
blocks in the right-hand pane of the experiment frame.

THEAGAE AR =20-3]

o
HEEEEEE
FU 21 s ] £ Jot]

The ToF spectral files, when split into sets of VAMAS blocks, are created using
the appropriate nominal masses to create these Species fields and the library
entries with the common Transition library field are used to compute the
corresponding nominal mass for each library entry, which when matched to
the Species VAMAS fields causes the data to be displayed in the tile list.
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CH[C*2+H...  29.0391 29 CH
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The element library file also includes Transition strings CO and F.

M Flement Library

Element T able l Periodic Table | Input File | Exact Mass |

Find Peaks
Create Regions

Edit Block Species/Trans

[ Zoom when Line Selected
[ Create when Line Selected
[~ Use Librar Fy/HM

Clear &l Elements |

| Edit Source Analyser Angle

HT +

#T-| Dverlay Linked VB3 | DisplayLinkedVBs|

M amne | Mazs | Element | Tranzition | ~
CHIC] 12 12 CH
CH[C+H]  12.0078 12 CH
CHIC+H™2]  14.0156 14 CH
| CHICH] 150235 15 H
e 169954 13 F =
CHICZ+H..  ZE.0156 % TH
CHIC'2+H..  27.0235 7 CH
CH[C'2+H...  2R.0313 2% CH
[[CO[C+H+0] 230027 79 wesC(Q
[CHICZ+H,., 230391 2 CH
[[copcsrrz.. snotos a0 o |
LCHIE2aH 200489 A0 [H
FIC+F] 303584 3l F_m— 2

The different assignments for the Transition strings are simply a partition of
the file between three possible sets of mass peaks; however a more realistic
example might involve significant peaks from any combination of mass peaks,

all of which would be collectively assigned a common Transition string.

Should the same mass peak correspond to more than one compound, the
element library file can include repeated entries differing only by the

Transition string.

Overlaying Related VAMAS Blocks
The Element Table property page also includes a button for overlaying
VAMAS blocks selected from the current file using the same mechanism as
the Display Linked VBs button described above.
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To overlay a set of VAMAS blocks corresponding to a predefined compound,
one of the entries in the element-table list for the compound is selected
before pressing the Overlay Linked VBs button. A dialog window appears
offering a threshold value, which represents the percentage of the maximum
height intensity of the peaks in the experiment frame. Only peaks of intensity
greater than the percentage specified on the dialog window will be included
in the set of VAMAS blocks overlaid in the active tile.

Constructing an Element Library File

The element library file was constructed using the Ex M T button on the Exact
Mass property page and three text files containing lists of chemical formulae.
An example file containing formulae used to compute exact masses for
library entries is as follows.

B F.txt - Notepad E@E|

File Edit Format View Help

':

CF
CHF
CH2F

To create a corresponding library file, select the text file via the File Dialog
invoked by the Ex M T button.

M Element Library Q|E|E|
_

Create Mass Table from Formulae File

Look jn: | 3 Library Files j cF EB-
CasaXPS_mass.Iib |t="] F.bxt
CH.lib [Z] Farmulae. bxt
[Z) cHu bt
co.lib
2] cokxt
F.lib
File name: | |F.txt |
Fies of type: [l Files (+7] =l Cancel
Delete Entry | Clear Markers | Find Peaks |
Delete A1l 7 Zoom [ Create Load Regions
Create Peaks
Load ... | Save ... | Move to Lib ... | | ExM T ||

The base-name for the text file is used to assign a string to the Transition field
in the resulting library file created when the Open button is pressed on the
File Dialog window. The new library file appears in the directory where the
original text file is located.
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B3 Microsoft Excel - F.lib
@ File Edit View Insert Format Tools Data Window Help Acrobat

beEdn SRV SRAL R

b oo - @ 2 B %A

Ready

3 @ ¥ | @ M
TE.

Al - A1

A B C D E

1 1.
2 19/F F[F] 1.90E+01 KE
3 3MF F[C+F] 3.10E+01 KE
4 32|F F[C+H+F]| 3.20E+01 KE
5 33F F[C+H*2+f 3.30E+01 KE
6
A4 NES

F G H | J

1.90E+01 -1.00E+00 LA(5.4.8,0 1.00E+02 lon Gun
3JA0E+01| -1.00E+00 LA(5,4.8,0 1.00E+02 lon Gun
3.20E+01|-1.00E+00 LA(5.4.8,0 1.00E+02 lon Gun
3.30E+01|-1.00E+00 LA(5.4.8,0 1.00E+02 lon Gun

[« |

The intension is that a text file is prepared for those mass fragments

characteristic of a particular compound, from which a library file is then

created. When it is desired to visually inspect a ToF spectrum for evidence of
the given compound, the library file for the compound is loaded into CasaXPS

via the Input File property page.

M Flement Library

Elemert Table 1 Periodic Table Input File ] Exact Mass 1

EEIES)

Browse

File Type

{* CasaXPSlip
 SSIType 1

" KALlib

" RED Table
VG Av. Wagner

Load

White Lib

" Kratos lib

" 5SSl Type 2

" Simple Table
VG Av. Scofield
" JEOL AES

Menge

The library file displayed via the Element Table scrolled list

M Element Library

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

| Mass | TimeBin | Reltbund. | Line She s

tame
CHIC] 12
CHIC+H] 13.0078
CHIC+H"2] 14.0156
CH[C+H™3] 15.0235
FIF] 189984
26.0156
CH[C*2+H...  27.0235
CH[C"2+H... 28.0313
CO[C+H+0]  29.0027
CH[C*2+H... 29.0391
CO[C+H"2.. 300105
CH[C"2+H...  30.0465
<

I Zoom*when Line Selected
I Create 'When Line Selected
I Use Library F/HK

1 100 La5 4.8
-1 a0 Laf5.4.8
-1 100 Lafg 4.5
-1 a0 Laf5.4.8
-1 100 Lafg 4.5
-1 a0 Laf5.4.8
-1 100 L5 4.5
-1 a0 Laf5.4.8
-1 100 L5 4.5
-1 100 Laf5.4.
-1 100 Lafg 4.
-1 100 LA[G.4.8
*

Find Peaks
Create Regions

Clear All Elements | Edit Block Speciez/Tranz
| 1242120 Edit Source Analyser Angle
#T+| 87| OvellapLinked VBs | Display Linked Vs |
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is a combination of loading three different library files using the Input File
property sheet. The first file was selected using the Browse button, and then
pressing the Load button caused the selected library file to replace the
existing library entries. The two remaining files were merged with the first
file by again using the Browse button to select the files followed by pressing
the Merge button.

Examining the Peak Structure using Zoom Actions

The standard method for defining a range of intensities in CasaXPS is to use
the left-mouse button to drag a box over the peaks of interest before left-
clicking inside the box on the display tile. The mechanism used in the
definition of the zoom-box is enhanced when the Element Table property
page is top-most on the Element Library dialog window. These enhancements
are enabled by holding down the Control Key or the Control Key at the same
time as the Shift Key on the key board. The result of combining the Control
Key with the Element Table top-most on the Element Library dialog window is
to create a narrow and tall zoom box at the location of the cursor whenever
the left-mouse button is clicked.

CasaXP5 Licensed to:A1 CASA - [031406 psu dp run104'_mass_calib_regions] Q@E‘
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| ™ Zoom When Line Selected Find Peaks
[ Create When Line Selected -
i Create Regions
™ Use Library PaHM
Clear All Elements | Edit Block Species/Trans
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Mass (u)

The second modification to the zoom mechanism is designed to provide a

means of creating a limited intensity applicable to the mass range currently in

effect. Holding down the Control Key at the same time as the Shift Key alters
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the behaviour of the mouse drag action such that the zoom box always
extends over the current mass range, but permits the height of the box to be
determined from the cursor’s final position.
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To perform the zoom action, click inside the zoom box.

While zoom-actions permit a global perspective of a spectrum to be
transformed into the display of a specific peak, there is always a cost
associated with mouse actions required when transforming the display to see
the peaks located at a nominal mass. The problem lies in the sparse nature of
the mass peaks compared to the number of data bins comprising a spectrum.
It is for this reason that the nominal masses can be broken down into
individual VAMAS blocks using the Display Linked VBs button on the Element
Table property page described above, thus offering a means of individually
displaying a user defined set of VAMAS blocks. When these blocks are
displayed, each spectrum appears such that the intensity scale is appropriate
for each and every VAMAS block. However, while ensuring the peak
structures are visible, the relative scale of these data, when viewed as
individually scaled tiles, is lost. For this reason new SIMS toolbar buttons

Mare introduced to permit the intensity scale for the entire set of data

displayed in the left-hand pane of an experiment frame to be determined

from the active tile. These toolbar buttons when coupled with the extension

to the number of tiles per row, from four to ten, allows the peak structures
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within each VAMAS block to be visualized with a similar perspective of
intensity as that seen in an overlaid plot of the data. The following display
shows two rows of VAMAS blocks after scaling with respect to the tile with
heading 43.

CasaXP5 Licensed to:A1 CASA - [031406 psu dp run104’_mass_calib_regions] X
File Yiew Window Options Select Help -8 x
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The Page Tile Format dialog window provides the means of adjusting the

number of tiles per row and the Tile Display Parameter dialog window offers
display settings for switching the tile display to those seen. The organization
of the VAMAS blocks in the scrolled list means that paging down the scroll list
effectively scrolls through the mass range in the spectrum being displayed.

The enhanced Page Tile Format window E[provides the means of changing
the number of tiles per scroll position in the left-hand pane of the
experiment frame.

Page Tile Format PX|
|

ls e |7 &g |9 |wo |Imn
v | 1. | oz | 32 | = 40
Tilez per Bowe/Column

C1 2030408 0CE 789610
C1C2C3C40CECECT O8G0
Mumber of Rows/Calumns 23040 s CECF OG0
LR C1 2304005 CECT O8G0

(1] | Cancel
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To display the VAMAS blocks without an x-axis, the Tile Display Parameters

dialog window is used.

Tile Display Parameters @

s | i | Goomelry | Display | Colows | Giobal|

Independent Yariatle

" Binding Eneray  [Binding Energy [2V] Font |
=

ass (u]

Min (42 3837118101152 Max (43 g322896198752

¥ Display Minor Tick-Marks [ Manual Awis Seale

I Display Axis Scale Scale Paints
0.0
0.1

—

Profiling Features for ToF data

PK 100

PKS 180-190
PKS 228-232

+ PKS 556-568

T | T
0 40000

T T . | T
80000
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T | T
120000

' [
160000

Figure 28 ToF Mass Spectrum displayed using Time Bins. Data provided by Prof. Winograd,

Pennsylvania State University, USA.

ToF MS is often categorized according to the method for generating the ions

from the sample. The data in Figure 28 is an example of Secondary lon Mass

Spectrometry SIMS, where the ToF technique is used to separate ions with

different mass-to-charge ratio following exposing the sample to a focused

beam of ions from an ion gun.

Since the beam from the ion-gun can be

scanned across the sample surface, ToF data may be collected over a set of

points on the sample. Knowledge of where on the sample a time event was

recorded allows the spectral data in Figure 28 to be assigned to pixels in mass

resolved images as seen in Figure 29. These images in Figure 29 correspond
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to the peaks identified in Figure 28, that is, each image is obtained by only
counting time-events contributing to the peaks labelled on the spectrum.

PKS 556-568

PK 100

PKS 180-190

Figure 29: Mass resolved images extracted from the ToF SIMS data file corresponding to the
histogram Figure 28.

Similarly, identifying pixels in an image and only counting time-events
corresponding to the selected pixels permits multiple spectra to be extracted
from a single ToF data file. Given the complex nature of ToF spectra, the
ability to retrospectively examine the data from an experiment is a powerful
tool in understanding the information in the spectra.

ToF MS is used to obtain spectra through ionization mechanisms other than
SIMS. Proton Transfer Reactor (PTR) ToF MS (Figure 30) provides a soft
ionization mechanism of an analyte by the transfer of a proton from H;0" to
the analyte. While spatial information is not appropriate for PTR ToF MS, the
technique provides temporally separation of spectra, where variation of
mass-peaks with time provides a profile (Figure 31) of changes in a sample.

FFR

Inter
Extra Catector
Backplate |
Y Def
| = Daf FFR

i TR X |

DefBcior Set Flald Free Redlon Reflactron

lons from PTR

Figure 30: Schematic of a PTR ToF MS (Kore Technology Limited, UK)
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The tools for the purpose of visualizing the data from a ToF MS experiment
are described in following sections.

ToF Data File Options
| %[ 0| 1B (1

The options on the SIMS toolbar for manipulating ToF MS data fall into two
categories: those for which a new VAMAS file is created without reference to
other data and those for which an existing spectrum or image is used to
create spectra or images representing a subset of the data within a file.

x 10

14

Lm

10

Counts

0 20 40 60 80 100 120 140 160 180 200
Cycles

Figure 31: A profile of PTR ToF MS peaks.

Currently, two types of file formats may be processed using these options:
Kore Technology Limited list files and Prof Winograd’s (Pennsylvania State
University) Bio ToF XYT files. Both types of files contain time information as
well as associating the time information with image pixels.

The first step to viewing a data file is to create a spectrum from the entire file
of time values regardless of whether the file is a set of images or a profile of
some description. From the total spectrum, peaks are identified from which
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images or profiles are created. In turn, the images or profiles can be used to
define the pixels or layers of interest, which once specified are used to extra
pixel or layer filtered spectra from the original data file.

Create a Total lon Spectrum =2

A total ion spectrum is created from a data file specified using the resulting
File Dialog window shown in Figure 32.

Look in: | £ TestProfile ~| & & ok -

031406 psu dp run 1043yt 031406 psu dp run1006.yt
031406 psu dp run1007.xyt
031406 psu dp run1002.xyt B 031406 psu dp run1008.xyt
031405 psu dp run1003.xyt
031406 psu dp run1004.xyt
031406 psu dp run1005.xyt

File name: 031406 psu dp run 1007 xyt Open

Files of type: |F‘SU Files " xvt) j Cancel

Figure 32: Convert to VAMAS File Dialog window used to specify the ToF MS files.

The file types supported are:

1) Files with the extension “Ist” created using by the Kore Technology Ltd ToF
MS instruments. The Ist files contain a list of binary data in which each
analysis ToF cycle appears as a sequence of start events followed by a list of
stop events representing ions arriving at the detector. While these analysis
cycles may be associated with a pixel in an image or a layer of a profile, the
spectrum created from the Ist file ignores these distinctions and generates a
single time histogram from the timing information. Images or profiles are
subsequently generating from the list file using the total spectrum as a
reference.

2) Files with the extension “xyt” created from the Penn State University Bio
ToF instrument. The xyt files are binary files containing a two dimensional
array of lists, where each pixel in an image is associated with a list of stop
events specifying the arrival times of ions at the detector. The total ion
spectrum is created by ignoring the spatial information and generating a
histogram from the entire set of time lists.

3) Files with the extension “spc” generated from the Kore Technology Ltd
instruments. These spc files are already in the form of a time binned
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histogram. No image or profile information is present in these files. Sets of
spc files within a directory can be profiles using the options below.
4) Files with the extension “dat” generated from the Penn State University
Bio ToF instrument. The dat files are already in the format of a time binned
histogram. No image or profile information is present in these files. Sets of
dat files within a directory can be profiles using the options below.

Creating a time spectrum from a raw data file ﬂ involves selecting the file
with the appropriate file extension using the File Dialog window shown in
Figure 32. Once a file is converted and displayed in an experiment frame, the
data can be selectively processed using information defined on the total ion
spectrum.
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Figure 33: Total lon Spectrum from an Image File.

The spectrum in Figure 33 is a total ion histogram which is mass calibrated
and prepared with quantification regions in anticipation of processing a set of
images from the raw list file. The quantification regions define the time
intervals over which ions are allocated to pixels in images as the list file is
processed a second time. Figure 34 represents the outcome to the second
pass through the list file; the images are obtained from the second pass by
only collecting and allocating counts to images in accordance with the
quantification regions define on the spectrum in Figure 33.

182



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

39 %At Conc

27 %At Conc

43 %At Conc

41 %At Conc 55 %At Conc
A‘

A X
L‘:d o)

63 %At Conc 65 %At Conc 69 %At Conc

Figure 34: Images processed from the list file corresponding to Figure 33.
The steps taken to create these images will now be described.

Create Images from Spectra using Quantification Regions E[
Once a total ion spectrum is available, the data can be mass calibrated using
one of two procedures: 1) define a set of calibration points in the form of
(time, mass) pairs via the Exact Mass Calculator on the Element Library dialog
window or 2) define a set of calibration regions using the Quantification
Parameters dialog window and calibrate the spectrum using a button from
the SIMS toolbar. While it is not necessary to calibrate the time bin spectrum
before generating images, given a time-to-mass calibration the automatic
region creation option on the Element Library dialog window will assign the
nominal mass to the region names and therefore aids the interpretation of
the data.

Defining Quantification Regions using the Find Peak buttons

Regions defined on the total ion spectrum provide the time intervals over
which counts are accumulated into images. The Quantification parameters
dialog window permits regions to be created one at a time, however ToF MS
is typically blessed with numerous peaks and creating a region for each of

these peaks manually would be too time-consuming. As a result, the Element
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Table and Periodic Table property pages offer Find Peak buttons, which for
ToF data will create a region for each peak subject to a threshold criterion.

While the regions are created by simply pressing the Find Peaks button on
the Element Table property page, it is worth reviewing the limits of the

regions using the Reset|*| and Zoom Outjﬂ[ toolbar buttons. When the
Reset button is pressed, any regions created on a spectrum are loaded onto
the zoom-list. Thus pressing Reset followed by repeatedly pressing the Zoom
Out button will step through the regions created by the Find Peaks button.
The limits for the regions can be adjusted under mouse control provided the
Region property page is visible on the Quantification Parameters dialog
window.

I Quantification Parameters

Regions l Components] Data Editor | Report Spec. ] RFT HBlet]

|\,\.~’ide [ Calc Max
Feqgions B C O -
M ame 29 L] 1
R.5F. 1 1 1
Start 93150 114002 1167%
End 99523 114308 1170F
BG Type ZEM0 LE10 LEI0
Ay, Width o i i
St Ofizet DN 0 i i
End Offzot NI I 1 1
Cross Se... IEEEDEMM| 299, 54.. | 299 .54 | 299 .5
Tag Hal ag MaTag MaTa
Brea 174266... | 519822 | 32581.7 | FOO7E
StdDev ... i I i i
fihim 396.36 332286 | 303536 | 3252
Pagition 96047 93404 114159 1168S
% Conce... 54.48 1.63 1.02 1.88
Max Height | 5237.0 2120 148.0 2381
Min Height | 2556.0 97.0 71.0 109.0%
< >
Create | Calculate Errar Bars |
Create From Labels | Save Regiohg ... | Copy and Paste |
Intengity Calibration Dy Memies

[ Automatic ,U— Update ﬂﬂﬂ

Creating the Images
The total ion spectrum retains a record on the file from which it originated,

therefore pressing the toolbar button @with toolbar hint List File to Images
will cause the original list-file to be scanned a further time. During the second
scan of the list file, counts are accumulated into images defined by the
current set of regions on the spectrum displayed in the active tile. Note,
regions created automatically may be numerous and therefore the resulting
image data file is potentially large. The operation is similarly potentially time
consuming and may take several tens of seconds, depending on: the number
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of regions as well as the processor power, memory and disk speed of the PC
performing the operation.
The spectrum in Figure 33 was used to create the images displayed in Figure

34 via the %toolbar button.

Spectra Generated from Image Zones@

Given an image of the sample, a false colour scale defined over intensity
ranges offer a means of specifying which pixels from the image should be
included in the procedure for creating time-bin histograms from the list file.
As a result, one or more spectra can be extracted from the list file which will
be referred to as LUT spectra (Look-Up Table); the colour used to display a
pixel in a false colour image is defined using a “look-up table” of colour
values.

The image in Figure 35 is an example of a mass resolved image displayed
using a false-colour-scale consisting of four colours. The intensity scale is
partitioned into the false colours defined using intensity ranges characteristic
of the implanted gallium lettering PSU and the complementary pixels to the
gallium lettering. Four spectra are generated from the list file based on the
four false colours defined on the image by only collecting time events
corresponding to the pixels displayed using the false colours. A comparison of
these LUT spectra for the gallium mass range is made in Figure 36.

Max: 2.1

2.1
| 0.0
Ga Min: 0.0

Figure 35

The procedure for generating LUT spectra is as follows:
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1. Select an image generated from the original total ion spectrum for a
list file.

2. On the Image Processing dialog window, available from the Options
menu, select the Colour Scales property page.

LUT O LUT 2
LUT 1

|||||||||||||||||II|||||||||||
69 695 70 705 71 715
Mass (amu) [time plot]
LUT 3
" Ty "L"""'_"""""" T T T T T T T T T T T
69 695 70 705 71 715 69 695 70 705 71 715
Mass (amu) [time plot] Mass (amu) [time plof]

Figure 36

3. Select the False radio button from the Scale Type list and press the
Apply button.

B Image Processing

Image Processing  Colour Scales | Image Buantification] WAMAS Infn]

¥ Autascale Limits [ Below Threshald = Blue Fiefresh

Scale Type

" Grey  © Themal © Coloured ¢ Bicolowr | Fake| © Lag

Lirnits
[LEH Min Apply
Scale: |2.‘I 2592515034516 |2.BEBD1 319576304006
Red 100 0
Green: |-| oo |IJ
Blue: |-| oo |IJ
Define False Colowr Zone | Order Falze Eolouls| Add Falze Colour

| Spectrum Index [vb30,194] Intensity = 0.0214641
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4. Mark a range on the image colour scale displayed next to the image in
the left-hand-side of the experiment frame using the cursor whilst
holding down the left-mouse-button.

5. Press the button labelled Add False Colour. The colours, as specified by
the dialog window which appears when the button is pressed, are
displayed in the colour scale in the active tile and the image itself is
updated using the newly define false colour.

The default false colours are ordered to agree with the colours used to

display spectra when overlaid in a tile.

6. Once the desired zones of pixels are assigned false colours, the image
can be made the current template using the Define Image on the
Image Processing property page.

M Image Processing E|ﬁ|®
Image Processing l Colour Scales ] Image Guantification ] WAMAS Info ]
_\ ] ab| ab| iebib| Fon | HilEa |
Corrvert Regions to Images ﬂ ﬂ M 4 J

Convert Components to Images | Copy Factors | Create Line Scan |

Liantify Images TFA Predict
_ Quanitymeges | NERTE

P Predict
Quantify Peak - BG Drthaganal Soit
i Predict 05
Change Size | Order Images n x n

Predict SART - 05
SYD Sart

Predict SORT NIPALS

m m ﬂ M Pred M5 | Pred MC

| PGS Pred. 0pS | Pred OS5
Sum Spectra Using Colours No Scans: ’1— Mo 4Fs: ’1—
Save LUT Image AFs 2P SOAT | Pred. 2P SORT |

Drefine Image from FAC

7. To generate the LUT spectra press the J@toolbar button. The list file
corresponding to the image is scanned and, for each false colour in the
image defined by the previous step, a spectrum is added to a new
experiment frame.

@Creating a Profile from a Total lon Spectrum

The concept of a ToF list-file is applicable to time dependent measurements
where spectra evolve during the course of an experiment. The data from
such an experiment can be treated as a total ion spectrum. Just as the data
from an image can be interpreted as a large area analysis to produce a single
spectrum from all the data, so too can all the ToF timing information be
interpreted as a single spectrum; the difference being that, in creating the

total ion spectrum the for a profile, all the changes over time are ignored.
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Figure 37: PTR ToF MS total ion data showing quantification regions prepared for the
purpose of creating time-dependent intensity profiles.
The total ion spectrum in Figure37 provides a coarse description of the
experiment, from which the time dependent information can be extracted.
The procedure used to plot the variation of the spectra with time is similar to
that of extracting images from an image list file, that is, quantification regions
are assigned to the mass-peaks on the total ion spectrum followed by

pressing the I@toolbar button. The total ion spectrum maintains a reference
to the original list-file, therefore on pressing the toolbar button, the list-file is
scanned a second time producing a trace for each quantification region
defined on the total ion spectrum.

x1l}2

JH*2+0 =
(H*2+0)"2+H*3+0 »

Counts
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Figure 38: A plot of three traces from the regions defined on the total ion spectrum in Figure
37.
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The data in Figure 38 represents three quantification regions from the
regions defined on the total ion spectrum in Figure 37. The oscillations in the
profiles are due to changes in the air sampled from a subject whilst the
mastication of food is performed.

Spectra Generated from Profile Layers@

Layer 1 Layer 2
:-{1[]3 18 :-{1[]3
] 14]
20] 12
z 210
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E ] E °5
10 6|
] 4]
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Figure 39: Spectra generated from the regions defined on the profile in Figure 38.

Given a profile such as the one on Figure 38, spectra corresponding to a
range of times or cycles can be generated as illustrated in Figure 39. For each
guantification region defined on a profile, (Figure 38 includes two such
regions) a spectrum is obtained by summing only those times falling into the
ranges specified by the regions.

Quantification regions are added to a profile using the Quantification
Parameter dialog window. Given the two regions in Figure 38, pressing the

@toolbar button causes the list-file to be read a further time accumulating
the spectra from the timing data. The spectra in Figure 39 are examples of
data collected from layers within a profile experiment.

Create a Profile from a Directory of Files ﬂ

So far, ToF list files have been considered as the data structure managing
images of spectra or profiles of spectra. The extension to the concept of a list
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file is a directory of list files, where each list file represents a change in terms
of the experiment performed. For example a depth profile of image list files
offers the possibility of measuring an image of spectra for each layer within a
sputter depth profile. The experimental conditions evolving during the course
of the experiment are the depth beneath the surface at which an image of
spectra is acquired. Such experiments are by nature time consuming and
large in data size.

Creating a profile from a directory of list files involves selecting a
representative spectrum from the directory of list files suitable for specifying
the mass calibration and also the set of peaks to be profiled throughout the
directory of files.

The active tile must display a spectrum for which regions are defined suitable
for mass calibration. Once the spectrum is prepared the process is initiated

via the %toolbar button. A File Dialog window allows the specification of a
data directory containing the files for which the list files are processed as
follows:
1. Converted to spectrum VAMAS files.
2. Each spectrum is mass calibrated using the regions defined on the
spectrum in the active tile.
3. Peaks identified using an automatic threshold search and regions
created for each of these peaks identified.
4. The region intensities are collected into profile traces for each region
created in the peak identification step.
5. A new experiment frame created using the name specified on the File
dialog window.
Initially the directory of list files appears as follows.

Convert to VAMAS file ?]X]
Lack jn: | ) Raw Data for %7 Depth Profile. | 4= =k B~

031406 psu dp run104.cvt  [E5] 031406 psu dp runl006 vt B30 031406 psu ¢
031406 psu dp run1001.vt B 031406 psu dp runl007 vt B0 031408 psu ¢
031406 psu dp run100Z.yt [ 031406 psu dp runl00G vt B 031408 psu ¢
031406 psu dp run1003.vt [ 031406 psu dp runl009 vt B 031408 psu ¢
= 031408 psu dp run1004.vt B 031406 psu dp runt010,504 B 031406 psu ¢
= 031408 psu dp runi00S.vt B 031406 psu dp rund01 st B 031406 psu ¢

£ b

File: name: |depth_pr0fi|E.H_l,lt
Filz= af twpe: |f.\|| File [*.%) ﬂ Cancel
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Each file with the directory is processed during the course of the profile
procedure. On completion, the same directory appears with a VAMAS file
corresponding to each original list file plus one further VAMAS file containing
the profile traces for each peak identified as significant. After processing the
directory appears as follows.

Convert to VAMAS file HE

Lock jn: | £ T Depth Profile -] & @ cF B

031406 psu dp run1032. vt depth_praofile. xyt.wms
031406 psu dp run1032. 0yt vms

031406 psu dp rund 033507t

031406 psu dp run1033,xvk, vms

031406 psu dp runl 034 et

031406 psu dp run1034,xvk, vms

£ *

File: name: ||:Iepth_pn:|file.:<_l,lt
Files of bype: |,.f_-.,|| Files [%.7] j Cancel

Before pressing the Profile from Files %toolbar button, a spectrum must be

displayed in the active tile prepared with regions sufficient to provide an
adequate mass calibration.
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The file name for the profile with the appropriate list-file extension, entered
in the Filename text-field on the File dialog window, specifies the type of list
files in the current directory and on pressing the Open button, the profiling
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operation is initiated. These files tend to be large; therefore the time taken to
complete the profiling task may be large too.

When the profile is complete, a new experiment frame opens in CasaXPS and
the profile traces are displayed. A typical profile file will contain numerous
profile traces.
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Convert and Merge a Directory of XYT File|2|

An alternative to automatic profiling a directory of list files is to analyses the
depth profile using the set of total-ion spectra converted from each XYT file
in a directory.

| 58z

A profile experiment, in which a sequence of images is acquired into separate

XYT files, can be investigated in terms of the total ion spectra using the |ﬁl|
toolbar button. A File Dialog window is used to specify both the directory
containing the XYT files and the name of the file created by scanning the
directory for XYT files; the XYT files are individually converting into VAMAS
files containing the total ion spectra. After each XYT file in the directory is
converted, the set of VAMAS files are merged into a new experiment frame.
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Figure 40: Merged XYT files

To load a directory of XYT files into a new experiment frame, select the |ﬂ“lj""L|
toolbar button to invoke a File Dialog window; move to the directory
containing the XYT files then enter a name into the file name text-field with

o

the file extension “.xyt”. ToF spectra tend to require large quantities of
memory, therefore take care not to attempt to merge an excessive number
of file as the operation may take considerable time to complete.

Once a set of spectra are loaded into an experiment frame, trends within the
data can be assessed using the Custom Report mechanism on the Report
Spec property page of the Quantification Parameters dialog window shown in
Figure 40. A set of profiles determined from the data in Figure 40 are
displayed in Figure 41. These profiles are obtained by defining a set of
quantification regions using the Regions property page, generating an Area
Report using the Custom Report on the Report Spec property page then
creating a new VAMAS file from the tabulated report via the Create Profile
menu option on the File menu.
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Figure 41: Profiles generated from the merged spectra shown in Figure 40.

Image Depth Profile Data Analysis &

Given a directory of xyt fil

es:

‘E‘ Create an experiment frame containing a profile set of images
corresponding to the set of regions defined on a spectrum in the active tile.
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Figure 42: Set of images created by accumulating counts into pixels based on regions defined

on a spectrum.
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Figure 43: Spectrum used to create images in Figure 42.

The images displayed in Figure 42 were generated from a directory of XYT
files, where data from the XYT files are processed only for those counts falling
within the time windows specified by regions defined on the associated
spectrum in Figure 43.

Three regions were defined using a total ion spectrum. The spectrum must be

displayed in the active tile before pressing the@ toolbar button. The
operation involves reading the entire set of XYT files in the directory specified
via the File Dialog window. The process is potentially time consuming. To
process a directory of XYT files, a file name must be specified in the File name
text-field on the File Dialog with extension .xyt. On completion, a new VAMAS
file is created with the name specified concatenated with the .vms file
extension.
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Figure 44: False colour image used to generate profiles in Figure 45.
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The Image Processing dialog window on the Options menu offers tools for
processing these sets of images. For example, the false colour image scale
defined on the image displayed in Figure 44 may be used to generate depth
profiles for the sum of pixel based on coloured zones.

LUTO 40 LUT1
] = C'24H*3 E = C'24H'3
o 504 * CHH'3| o 357 « C+H'3
=) 40; vGa| 2303 ¥ Ga
*® A 4 Na * o5 é 4+ Na
L | 1] =
% 30 735 zoi
~ 20] - 153 i
103 "
107; 57 ) y
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Data Set Data Set
LUT2 12 LUT3
703 = C'24H*3 7 = C'24H'3
o~ E + C+H'3| » 1p] « C+H'3
o 604 YGa| © ] ¥ Ga
= 507 4+ Na x 84 + Na
3 407 3 [
3 ) 5 "
E 4|
203
105 24
R AAiRTRiasasRsataan
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Data Set Data Set

Figure 45: Profiles constructed from a directory of XYT files using the false colour image in
Figrue 44.
Creating the profiles in Figure 45 requires the generation of LUT spectra from
the directory of XYT files. Regions defined on the LUT spectra coupled with
the Custom Report on the Report Spec property page of the Quantification
Parameters dialog window provide to tools to create the profiles based on
false colours.
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Figure 46: Spectra collected using the false colour image in Figure 44,
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Generating LUT Spectra from a Directory of List Files
]E Spectra from False Colour Zones

Given a directory of XYT files and a false colour image, the Jﬁtoolbar button
creates a new experiment frame containing a set of spectra from each XYT
file, where the spectra are accumulated from the time information from only
those pixels identified by the false colours in the image. For example, the
false colour image in Figure 44 is the sum of all the gallium 69 isotope images
and therefore the colour zones are determined by the gallium distributed
throughout the volume sampled by the depth profile. Spectra from these
four colour zones are collected into the new experiment frame shown in
Figure 46, thus the depth profile can be examined from the perspective of
gallium using these spectra.

Quantification Reports and ToF Data

The intensity associated with a ToF mass spectrum represent ions counted at
a detector. The time element of the measurement is less important than is
the case for other techniques where a specific data channel is monitored for
a specified time; data under these measurement conditions are typically
quantified in terms of counts per second (CPS). For ToF Data, the pulsed
extraction of ions and the delay required to allow ions to traverse the flight
tube result in a departure from the need to consider counts per second, but
rather to focus on the number of ions detected. CasaXPS generally assumes
data are quantified in terms of CPS and peak areas are integrated with
respect to the independent variable. Since the default quantification regime
in CasaXPS is not appropriate for ToF data, there are ToF motivated
configuration options to permit quantification of ToF intensities in terms of a
summation of counts over time or mass bins.

Quantification via the Report Spec Property Page

The Report Spec property page of the Quantification Parameters dialog
window offers two methods for generating quantification reports. The
Standard Report is predominantly aimed at tabulating results on a spectrum-
by-spectrum basis; while the Custom Report is designed to support the
profiling of data acquired sequentially, for example a depth profile.
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Standard Report

The Standard Report permits quantification in terms of quantification regions

and/or synthetic components. For ToF data, quantification based on number

of ions requires the specification of appropriate configuration files. These
configuration files are located in the directory called CasaXPS.DEF.

& Casa?315DevB2
Edit

File

Wiew  Favoribes

Tools

Help

[ J l_@ /;_‘J Search |{~ Folders v

S
3

File and Folder Tasks

qﬂ Rename this folder
ﬁ Mowve Ehis Folder
Copy this folder

@ Fublish this folder ko
the Web

d Share this Folder
(5) E-mail this Folder's Fles
W Delete this Folder

Other Places

& CasaXPS.DEF
Edit

File

eBack @ \_.)

View  Fawvorites  Toals

Address |[3) C:\Documents and SettingsiMeall My DocumentsiWorkingDirlCasa2315Deva2i Casa231 5DevE2 V| Go

M Name

[ CasakPs.BAT
) Casaxps.CoL
=

[)casaxps.HLP

D) CasaxPs.PTF
ﬁCasaXPS.exe
£asaxPs lib
casaxPS_links. lib
CasarPs_mass.ib
CasaxPs_quant lib
casaxPS_scofield lib
Formulae. b

E] Formulae, bxt

v 4

Help

l.E /‘:\J Search = Folders -

Size | Type

File Folder
File Folder
File Folder
File Folder
File Folder
Application
LIE File
LIB File
LIE File
LIE File
LIB File
LIB File
Texk Document

3,724 KB
420 KB
16 KB

49 KB

1 KB

316 KB
21 KB
ZKB

Address (3 s and SettingsiMealMy DocumentsyWworkingDirt Casa23150evE2 Casa23150eva2  CasanPs, DEF

File and Folder Tasks

,;@ IMove the selected
items

Copy the selecked
ikems

N Publish the selected
items ko the Web

) E-mail the selected
ikems

¥ Delete the selected
items

Other Places

==

= | iCombineWithTagsQuantTal
44

able

[Z] Font. bxt

E] MiscColours, bk
Eo] ParameterFile.kxt
[Z] PrintFoothote, kxt

[Z] settings.bxt
IE] Spectra.txk
Eo] SyntheticCompColours, bxt

ble.

198



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

Standard Reportz

v Usze Config File
: Fegons | Cormnps | [ Use Profile Format

Regionz and Comps | Combined Yith T ags

Generating a quantification report for ToF data requires the use of ASCII
configuration files named:

Report Button Pressed Configuration File Name
Quantification Regions RegionQuantTable.txt
Synthetic Line shapes ComponentQuantTable.txt
Regions and Comps RegionComponentQuantTable.txt

The configuration files can be edited using Notepad or any other text based

editor.

I RegionQuantTable.txt - Notepad E|[E|E|
File Edit Formak Miew Help

VAMAS_BLOCK_SAMPLE_ID
VAMAS_BLOCK_NAME

MAME

POSITION
SIMS_PEAK_AREA,

The format for the files is a list of keywords entered one per line, where each
keyword specifies the type of information appearing in each column of the
text quantification report generated when the corresponding button on the
Standard Report is pressed.
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A quantification report is created for those VAMAS blocks selected on the

right-hand pane of the experiment frame with focus.

2
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LUT 1
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LUT 5

On pressing the Regions button from the Standard Report section with the
Use Config File tick-box tricked, the following report is produced:

& BEE|

M
0| | | | | P i | s | | | | 6B | G G 2 ] 5 oo [ | ] ] W] 6 (| 2
Sample Id [ Block 1d [ Hame [ Positian [ Total Charge [
031406 pst dp rUnL004_lutspectra vms wra C+HE 15.0205 10576
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B RegionQuantTable.txt - Notepad
Filz Edit Format Wiew Help

VAMAS_BLOCK_SAMPLE_ID
VAMAS_BLOCK_MAME]

HAME

POSITION
SIMS_PEAK_AREA

EBX

For ToF data, the important column is the one specified using the keyword
SIMS_PEAK_AREA in the RegionQuantTable.txt configuration file. The
columns in the quantification report have a one-to-one correspondence with
the keywords entered in order one-per-line within the RegionQuantTable.txt
file.

The quantification report is exported as a tab spaced ASCII data set through
the clipboard. To move the quantification report to a spreadsheet, for
example, press the Copy button on the top toolbar. A clipboard dialog
window offers the option to save the data to file or copy the data onto the
clipboard.
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The data on the clipboard can be pasted into another program such as Excel.
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Custom Report
The profiles in Figure 45 were created using quantification regions and the
Custom Report section on the Report Spec property page.
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Since ToF intensities are determined from the number of ions within a peak
and not the peak area, quantification items defined on the spectra, either
regions or components, must include a keyword in the Tag field and the
report must be generated using the Tag Defined Report button. To indicate
that a region or component derives from ToFSIMS data, the keyword tofsims
must be entered in the Tag field for the quantification item.
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B Quantification Parameters

Fegions l Eumpnnents] Data Editor | Feport Spec. ] RPT Hepu:urt]
LT 1 [ Calc Max
Heqgiohs A, B C -
Marme C+H*3 Ma Ga [
R.5F. 1 1 1
Start 20268.7 24084 28752 28,
End 205766 | 243672 Jav46 26l
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St Offzet 1] 1] a
End Offzet 1] 1] i]
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Tag | tofsirms | | [tafsims] | | tafsims]
Area 1301.9 195111 HeHS Y [
Std Dev ... 1] 1] a
fiwhim £.93922 | BER1V3 | 840337 5.4
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< >
Create | Calculate Erar Bars | Delete |
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The Tag Defined Report button uses the keyword in the Tag field to
determine the type of data to retrieve from the quantification item. The
keyword tofsims causes the summation of the counts within the region or
under the components on a bin-by-bin basis. Other keywords include height,
which returns the maximum peak height as the measure for intensity. Note:
for both keywords tofsims and height, the intensities are divided by the value
entered in the RSF field; therefore the number of ions recorded for a given
peak is only obtained for an RSF of unity.

A further word of warning: the Custom Report is defined in terms of a list of
names and formulae. The formulae are constructed from the name fields
used to specify the quantification items. There is no difference between how
regions and components are treated within these formulae, both are
considered to be quantification items and intensities from regions and/or
components can be combined to create a quantification report. A key
property of the Custom Report is that, intensities from either regions or
components or both with the same name field are automatically summed
together. To be sure that the profile is from exactly the intended items,

always use different names for items included in the profile.
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An Overview of Working with ToF Data in CasaXPS
The SIMS toolbar is displayed via the View menu on CasaXPS.
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Toggle SIMS Toolbar

The SIMS toolbar offers a range of options for displaying and manipulating
ToF MS data.

Display Options:

= | R S P R T =
ToF Time to Mass Calibration Options:

ok | 1eE o

Organization of Data:

la | Lo

Laa | Leo

Data Conversion Options:

ot | L8[t u || o]

SIMS Toolbar Buttons: Display Options

M The toolbar button switches the display setting between forcing data to
be displayed with a lower intensity of zero and allowing a selectable lower
limit. The default state for the display of ToF MS spectra is to force a lower
limit of zero. A line is drawn at the bottom of the tile to indicate when the
display is forced to plot intensities above zero intensity. When the line
appears at the bottom of the tile displaying the ToF spectrum, a zoom box
drawn over the display will only indicate the upper limit for the purposes of
expanding the display.
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On left-clicking inside the zoom box with the zero base line active the display

becomes:
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JE‘ Toggles the display between log and linear display modes:
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Overlay selected VAMAS blocks by column:
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Given a selection of VAMAS blocks in the right-hand pane, display each
column of VAMAS blocks in separate tiles in the left-hand pane. Each tile is
scaled with respect to the spectra displayed within the tile.

T I'il-t

Adjust the scale for the tiles displayed in the left-hand pane with

respect to the intensity range determined from the active tile.
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DE Adjust the scale for the tiles displayed in the left-hand pane with
respect to the intensity range currently used in the active tile and toggle the
mode for the y-axis display.
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JE[DispIay state modified by the toolbar button are as follows:
off On

ECycle the display through a set of predefined mass ranges.

T N AR R |l '|'J|!|“"'|*'l| |ll
22225 23235 24245 25255 26 JBS 22 24 26 25 30 24 28 32 36 40 44
Mazs (1) Mass (1) Mazs (1)
||J| ! Jl JIHIIIJII s Lll”lll] l |!+I+I!!llllll II‘!IIII “|J||JJI !hjh‘iIlll!lJJJlllLJJu!iJl%]|:|L|Il| I'|!L|
25 30 35 40 45 50 55 B0 65 70 40 =] =] 100 120
Mazs (u) Mazs (L]

A spectrum displayed in the active tile changes the mass range used to view

the data each time the ﬂtoolbar button is pressed. The mass range is
always anchored by the smaller mass limit and with each press of the button

the size of the display range cycles between 5 amu, 10 amu, 25 amu, 50 amu
and 100 amu.

@@Step the mass range towards higher mass values or towards lower
mass values. The current mass range determines the size of the step. On
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pressing either toolbar button, the mass range is stepped by half the interval
currently being displayed.
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]iL|Jﬂ| Expand the display range about the central mass defined for
the active tile. The SIMS toolbar button increases the mass range about the
central mass for each press of the button without rescaling the intensity
range. The equivalent button on the second toolbar performs the same
operation as the SIMS toolbar button with the exception that the button on
the second toolbar also rescales the intensity range.
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@E‘Step the current mass range by one amu. The intensity scale is
unaltered by pressing either of these buttons.
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ﬂGiven a spectrum displayed in the active tile, the toolbar button adds a
set of tiles to the scrolled list of tiles in the left-hand pane, where the display
range in the active tile is split into sub-ranges, the number of which is define
on the dialog window invoked by the toolbar button. The display before
pressing the toolbar button:

0| o o B B B e | B | G D | B oo ome| 7 | (] 8] % S| %)
== R R R S R R N PN AN A G i ] =] = R S |
I e T e e R P e e | A A A = T b
;MLI I
|u".l““.“‘|‘|"i'|"‘”..|..‘.l.‘..‘..‘."..‘l..‘.l‘..‘l.‘..
50 100 150 200 250 300 350 400 450

Cancel

Mumber of new tiles: F

|~
|

Ready L.ion_regions

Result of splitting the full spectrum into eight sub-ranges, one per tile is
shown below:
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Each sub-range is rescaled within the display tile. Note that if the number of
tiles exceeds the number of tiles-per-page in the left-hand pane, the

additional tiles cause the scroll-list to expand indicating the existence of
further pages of display tiles.
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SNMS in CasaXPS

An Overview

Sputtered Neutrals Mass Spectrometry (SNMS), as a technique related to
SIMS, is supported on the Dynamic SIMS dialog window of CasaXPS.

LYCLE

The Dynamic SIMS property page is available from the SIMS toolbar P “‘
The SIMS toolbar is displayed using the View menu on the CasaXPS Main
Window menu bar.

CasaXPs Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms]
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60
M Mass per Mole [g] (53549
8501 .
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Quantification of SNMS profiles requires the calculation of sensitivity factors.
These SFs are calculated using options on the SNMS RSF Calculator property

page.

B Dynamic SIMS

Calibration SMMS RSF Calculator | Prepare Prnhles]

SMHMS R5F Calculator
Cu

Standard

¢ EWhgt Commome % [0z
tass per Mole (0] 53549 g

Signal lsotopic Mass [52 9295 Intensity (CPS] 254 999

Name | =Wt ‘ # Atomic | tass p | SF ‘ Isotope

Cu 0z - £3.549 0263336 B29240

i 515 - 58.7018  1.7565 57.935

Cr 1615 - 51.9957  0.448546 519400

W 0zz - 50.9415 0327895 50944 &

< >
Add Missing Element | Calculate SFs | Calculate RSFs |

SMMS Quantification

v Use Nano metres Copy ASF to Selected ¥Bs
Atoric % Mass %
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Relative SFs are SFs normalised with respect to a given isotope. Both SFs and
RSFs are determined based on measurements from standard materials. Once
established for a set of isotopes, data measured under identical conditions
can be quantified in terms of either Atomic concentration or Mass
concentration using options on the SNMS RSF Calculator property page.
Further tools for transferring RSFs to other measurements are available on
the Prepare Profile property page.

B Dynamic SIMS @|§|g

Caliblation] SNMS RSF Calculator - Prepare Profiles ]

Select Matching Blocks | Select and Digplay Matching Blocks |

Source WamMAS Blocks Overlaid in the Active Tile

Block Id | Match Sting

Cu Mass B3

Mi Mazs 58

Cr Mazs 52

W Mazs 51

Mo Mazs 98

Co Mazs B3

W Mazs 184

Fe Mazs BE
Copy RSFs to Matching Selected WBs |
Copy Sputter R ates to All Selected YBs |

SHMS Quartification
[ ze Manometres
Atomic % by File M azz % bu File |

The function of the Prepare Profile property page is to copy RSF and sputter-
rates to multiple data files with the view to generating quantified profiles
from the raw SNMS data. The buttons on the Prepare Profile property page
are designed to work based on selections made within the set of opened
files. To this end, other buttons on the Prepare Profile property page provide
a means to make selections appropriate for the action buttons.

SNMS and Dynamic SIMS are specified in CasaXPS using an identical
framework. The RSF and sputter-rates are assigned on a measurement-cycle
by measurement-cycle basis. In both SNMS and Dynamic SIMS, a profile fully
prepared for quantification must have each cycle populated with RSF and
sputter-rates as viewed via the Calibration property page of the Dynamic
SIMS dialog window.

The sputter-rate for a given profile is calculated using the Calibration
property page and, using the same mechanisms as for Dynamic SIMS, the
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sputter-rate and appropriate RSF entries are updated. The table on the
Calibration property page displays the parameters used during quantification.

I Dynamic SIMS

EoX

Calibration l SHMS RSF Ealculator] Prepare Profiles]

Define | nterface | Define hatrix | Fief. Signal...|
Define Swf/BG -
Fdatriz In... | Interface | RSF | Sputter ... |

Cl~
Doze [atomsdcmz]: Cu[0] Cu 0] 1.7565 F2233e.. 8
Cul0] Cu [0] 17565 5223%.. &
1.0000=+000 Cul0] Cu 0] 17965 5223%.. &
Cul0] Cu [0] 17565  5223%.. &
Depth(nm} | | Culo] Cu 0] 17565 5223%.. &
Cul0] Cu [0] 17965 522%%.. &
4.0000e+002 Cul0] Cu [0] 17565  5223%.. 5
Cul0] Cu [0] 17565 5223%.. &

I Sublract BG Culil Cu 01 17565 5223%.. 5V
[ Elementsl RSF | X

[~ Use Ref. Signal Bulk Doped (atoms/em3l 1. noone+000

Compute RSF I"" Use Bulk Doped Compute Sputter Fate
RSF: 1.7565e+000 Sputter Rate [cmds]: | |5.2233e-005

Apply ASF/SR toMatiie | Apply RSF/SR to Interface |  Restore RSF/SR |

Diepth Profile Calibration

Calibrate D epth Profile | ¥ Momalise to Matix  Nterface Statistics
Calibrate All Profiles | W LUszeMano metres Profile Statistics

Basics of CasaXPS

Converting Data

CasaXPS native file format is ISO 14976 VAMAS file. CasaXPS contains many

conversion filters available from the
or via the top toolbar.

Convert menu option on the File menu

File

Wiew  Window

alf=

EEE

Converting data involves selecting the data file with the appropriate file

extension via the Convert to VAMAS file dialog window.

Convert to VAMAS file

?X

Loak jr: |Lf} Faw Data

~| & & cf B

File narme: |Hastellu:|_l,l zet 1 with Co.cey

Files of type: | &l Files %)

ﬂ Cancel
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For example, Hiden data is saved in comma separated format with file
extension csv. On selecting a file containing Hiden data format with the
extension csv, CasaXPS will convert the data to VAMAS format and write a
new file into the same directory as the original csv file.

Convert to VAMAS file ?X]
Look in: | () Raw Dt - ek ER-

k] Hastelloy set 1 with Co.csv
hastelloy set 1 with co,csv.vms
k34 Stainless Steel set 1 with Co.csy

e |
Files of type: |,£'-.II Files [*.%) j Cancel

The VAMAS file will then open as an Experiment Frame in CasaXPS.

CasaXP5 Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms] E”E\E|
file View Window Options Select Help -8 x
D | | o | s o s e | 5 B | | | 1| 2 @8] e omo| 7 [ e[| 5] @] ] S| 2|
O @ =@ @] bl 2)alol s sy § | e|E] O S(6E] )50 G ]

o P o e | R N = e b T A A A W e A - A e A A==
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50

gn_/—f_,wm\

Lo
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Cn ki W

Ready c:\documents and settingsinealimy documentsiwarkingdirihidenthidenihiden\snmsidata for manualiraw datathastelloy set 1 with ca.

Data Viewed Via an Experiment Frame

A profile experiment contains one or more traces measured and recorded for
each isotope monitored. The Experiment Frame in CasaXPS displays the data
using two panes with an adjustable central divider.
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The left-hand-pane displays the data in graphical form.

Cu

o0 1

SD_/—/_/H/N

0]

Counts
wn
=)

Cyeles

Ready c:idocuments and settingsinealimy documen

The right-hand pane offers the data blocks within the VAMAS file.

2| ==|e B & SR 2
|| B el m | e | Sl (% || 4

VILE
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=
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=
]

The right-hand pane is used to make selections from the set of VAMAS blocks
held within the VAMAS file. These selections are used to display subsets of
data within the file and direct processing operations to specific data blocks.

Displaying Data
Individual VAMAS blocks appearing in the right-hand pane are displayed by

double-clicking the left-hand-mouse button with the cursor over the data
block.

i
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E 510 ]
560]
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Selecting more than one VAMAS block in the right-hand pane and using the
Overlay toolbar button causes the selected VAMAS blocks to be displayed in
the active display tile.

= = =l I e R K R BN PN 0 3 o =T s = e e e e T |
Y | O iy .
0]
Cr [~
SU,/—K_,>\’_\/‘M—’\ \
709
0| &=
807
5 N/‘_/N_/_,R
EER
407
304
Fe
0]
10 o
T T T T
4 2 12 16
Cyicles

Selecting VAMAS Blocks

Selections are made using the right-hand pane:
1. Single click the left mouse button over the right-hand pane to select a
single block of data.
2. Hold the Shift-Key down and single click the left mouse button over a
different block in the right-hand pane to make a range selection.

Mone |Ma... |Ma... [Ma... | Ma... |Ma... Ma... |Ma... |Ma...
i Cu W Co i

3. To add to or remove from the current set of selected VAMAS blocks,

hold the Control-Key down before left clicking the mouse with the
cursor over a VAMAS block in the right-hand pane.

4. Use the Select menu to extend a selection to other VAMAS blocks of
similar identity in other files.

Move Left

i >
= Move Right E
Move up [
S Move Down F
b b
2 Step Slice Up Ctrl+Page Up E
I Skep Slice Down Ctrl+Page Dn I
Reset Slice Index Chrl4+-Home
- Step Ordinate Up shft+Page Up 1
Skep Ordinate Down shft+Page Dn
Reset Ordinate Indesx Shft+Hame
7 Last Ordinate Index Shft+End i
Mext Exp Yar Chrl+F1
Select All Blocks Ctrl+F3
Select All Matching Elocks Chrl+F4
Select and Display Matching Elocks Chrl+FS
Select All Matching Block. Ids Chrl+F&
Select and Display Matching Block Ids  Ctrl+F7
Select Blocks with Components Chrl+F2
Cyele VAMAS File Index Chr+F3
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Tile Display Options

The left-hand pane of an Experiment Frame displays the data in the form of
profiles, spectra or images. Options affecting the display are managed using
the Tile Display Parameters dialog window. The Tile Display Parameters

/||

e b

dialog window is invoked via the top toolbar ==

or from the
Options menu

CasaXP5 Licensed to:A1 CASA - [cu multilayer hastelloy
File Wiew Window Neleliats

sl = e

Select  Help
Page Lavout ...

T

Tile: Display ...
D|@I‘ E|‘ Quarkify...
S Elements ...
'L'L"|‘ 0% | §Eé Processing ...
Annokation .. :

Image Processing ...

an |
When plotting a profile involving multiple traces, a common requirement is
to place a Legend or Key within the tile in which the data are plotted. The
Display property page on the Tile Parameter dialog window provides control
over placing a Key on either the right-hand side of the graph area or
alternatively the left side via the Draw Key and Key on Left tick-boxes.
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[ Include Exp Variable
[ Dashed Comps

[ Dashed Lines

[Mi

Font

= ]

Carncel ‘
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The Display property page also allows the profiles to be plotted using lines,
points or both lines and points.

Display Colours

The colours used to plot the profiles are specifies using the Colours property
page on the Tile Display Parameters dialog window.

Tile Display Parameters FZ|

XA:-:is] YA:-:is] Geometry] Dizplay  Colours l Globall

Residual Trace |

3D Background | Spectra |
Region Backaround | Spectra Background |
3D Fill | Synthetic Companents

[ Colour Campanerts wsing Comp Indes
[~ Combine Comp Indes

[ Fill Combined Components

[ Components Dizplaved as Background

ok, | Cancel | |

To modify the colours used to display the profiles, press the button on the
Colours property page on the Tile Display Parameters dialog window labelled
Spectra. Use the Colour dialog window to adjust the Custom Colours palette
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before pressing the OK button on the Colour dialog window followed by
Apply or OK on the Tile Display Parameters dialog.

Basic colors:

M TR R
Hf TECEEN
EENNEENEN
HENEEEEEN
AN EEEEEN
4 0 0 0 00 O

Eustu:um colors:

Hug[o  Red 213
Sat: lm Green: ll:l_

| EDIDrISth Lum: Iﬁ Blue: IEI_

] | Cancel |

Add ta Custam Colars |

The order for the colours used to display the profiles is determined by the

Custom Colours moving left to right then top to bottom as view on the
Colours dialog window. Further, the order of the VAMAS blocks displayed in
the Active Tile is determined by the order in which the data blocks are
selected in the right-hand pane.
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Holding the Control Key down allows the order of the data blocks to change
and therefore the colours change accordingly.

CasaXPS Licensed to:A1 CASA - [cu multilayer, hastelloy reference. plus.vms]
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Calculating SNMS Sensitivity Factors

The task of calculating a set of sensitivity factors for SNMS requires a
standard sample of known composition and a measurement from the
standard sample, where a specific set of isotopes for which sensitivity factors
are to be determined is used to monitor the sample-composition in terms of
counts per second. The SNMS RSF Calculator determines a set of factors
relating the amount of substance to the signal measured. Thus these
sensitivity factors provide the scaling factors to convert measured signal to
amount of substance for profiles measured from samples of unknown
material composition. The calculation of SNMS sensitivity factors is
performed using the SNMS RSF Calculator property page on the Dynamic
SIMS dialog window.
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An example of a standard sample is a Hastelloy material for which the
composition is known to be:

Element | % Composition by
Weight

Cu 0.2

Ni 51.5

Cr 16.15

Vv 0.22
Mo 17.1
Co 1.5

w 4.29

Fe 7.3

When measured using a quadrupole mass spectrometer, the recorded signal
from the Hastelloy sample defines the instrumental response for the given
sample composition.
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Armed with the experimental data measured from the standard and the table
of material compositions, the sensitivity factors for the isotopes used in the
experiment are calculated by populating the table on the SNMS RSF
Calculator property page and defining a quantification region for each
VAMAS block. The quantification region provides a means of estimating
representative signal intensity for each profile.

M Dynamic SIMS Eox

Calbration  SNMS RSF Caloulstor | Prepare Frofies |

SMMS RSF Calculator
Cr

Standard

* ZWweight O % Atomic % o

Messperviokelal [0
SindlsocpicMass[a Iensiy(CPS) 5
Mame | Zwt | %Atomic | Massp. | SF | Isatops A
E 0 0 1
Hi 0 i i 1 0
Fe 0 n n 1 0
™ 0 n n 1 0 =
< >
Add Missing Element ‘ Calculate SFs ‘ Calculate ASFs |

SNMS Quantification

¥ Use Nano metres Copy RSF to Selectsd VBs
{"Blomic % 55 %

The information used to calculate the sensitivity factors is recorded in the
VAMAS blocks for each of the profiles. It is therefore necessary to update the
appropriate information for each of the VAMAS blocks representing the data
measured from the standard sample.

Mone |Ma... Ma,., | Ma... | Ma... | Ma... | Ma... | Ma... | Ma...
1 [cu [ ni |l v Mo | Co | W | Fe

To update the information needed to compute the sensitivity factors, repeat
the following steps for each isotope in the SNMS profile measured from the
standard sample.

1. Double-click a VAMAS block in the right-hand pane.

Mone [ Ma... [Ma.. [Ma.. |Ma... |Ma... | Ma.. | Ma... | Ma... |
1 Hi Cr 0 Mo | o W Fe

= - [o[x]|

Calioation. SNMS ASF Caloulator | Prepars Profiies

SNMS RSF Calculator
Cu

Standard

& Zweight © Zdemic % [§
MassperMolelol [o

SignallsolopicMass0 Inensip(CPS) o

Name | %Wt | %Mtomic | Massp | 5F [ 1sotope
Cu 0 0 0 1 ]

< >

Add Missing Element | Calculate SFs ‘ Calculate RSFs ‘

SMMS Quantification

¥ Use Naro metres Copy RSF to Gelected VBs

221



CasaXPS Manual 2.3.15 Rev 1.0

Copyright © 2009 Casa Software Ltd

2. Select the type of percentage known about the composition of the

sample and enter the value for the percentage in the text-field.

[ —r CE®

Calibration  SNMS RSF Calculator ] Frepare Profilas]

SHS RSF Calculator

Cu

Standard

o weight % Atomic

% oz

Mass per Mole (g) g Update Values
Signal lsotopic Mass [ Intensity (CPS] [

M ame | EA
]

| % Atomic | Mass p... | SF | lsotope
] ] 1 ]

<

Cu

Add Mizsing Element |

Calculate SFs ‘ Calculate R5Fs

5NMS Quantification
¥ Use Nano metres

Akornic: 7% Mazs %

Copy RSF to Selected WB e

The Update Value button becomes active as soon as a value is entered for the

percentage composition.

3. Check that the correct mass per mole and isotopic mass are displayed

and press the Update Value button.

The table on the property page displays the values currently available for

profiles displayed in the active tile.

M Dynamic SIMS CEX

Calbralion  SNMS RSF Caleulator | Prepare Frofies |

SNMS RSF Calculator

Cu

Standard
& Eiweight © % Atomic

4 ,027
Massperbolelal [ga5es g

Signallcolopic Mass [G20z06  Inlensiy(CPS) [o

Name | %t | % Ahomic | Mass p... ‘ SF ‘ Isotope
o0z E

Cu £3.543 1 B2.3296

< >

AddMissng\amenl| Caloulats SFs ‘ Calculate ASFs |

SHMS Quantification
v Use Nano metres

Copy RSF to Selected YVBs
Atomic % Mazs %

The mass per mole is determined from the average mass for a given element,

while the isotopic mass represents the mass of the peak used to measure the

profile signal.

The table is only updated when the Update Values button is pressed.
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Each VAMAS block holding the data from a profile must be updated with the
composition information. Overlaying the VAMAS blocks for the full profile in
the active tile causes the table on the SNMS RSF Calculator to display the full
list of quantification information.

CasaXPS Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms] E]@E|
=P 4

Ei\e Wiew window Options  Select  Help E

0| o o | e s | | | | 1| 2| | | 2 | o] 2 [ (]| Y ] Sl @)
m]l=)=1L [ A XN RN RS EN PN AR 3 s =]«

[ P el = IR e T R I R A e R A KA A R A N S Lk a  a A E A A A =al=3 =3

Mone |Ma... Ma... |Ma.. |Ma.. |Ma.. |Ma.. |Ma.. |Ma..

- B EIX)

Calibration  SNMS RSF Calculator ] Prepare Profiles}

SU{M SMMS RSF Caleulator
1 tu

Standard

@ Hwieight % Atomic % oz

601 -
:W Mass per Male (g] ’W g

Signal lsotopic Mass (52 9295 Intensity [CPS] [

90 ]

Name | Wt | % Atomic | Mass p.. | SF | lsotope A

q Cu nz - E3.548 1 E2.9256
30 Hi 515 - sarole 1 57,9353

1 Fe Cr 1615 - 51.9957 1 51.9405

O e - - - - v nzz - B08415 1 B0.844 &
20 < >

] Add Mizzing Element | Calculate SFs | Calculate RSFs |
107 o

[ e — —-— ]

ettt '(J' 2 Attt SHMS Quantification

Tt e s — T = —t— IV Use Nano metres Copy RSF to Selected YBs

0 4 8 12 16 Atarnic % Mass %

Crycles

Ready ciidocuments and settingsinealimy docum

The table reflects the percentage composition for the standard sample. To

relate these percentage compositions to the signal intensities for the set of
profiles, it is necessary to specify a representative intensity for each isotope.
The representative intensity is determined as the average over a set of
acquisition cycles as specified via a quantification region. Specifically, the
signal intensity is the average intensity over the set of data cycles defined by
the first quantification region for each VAMAS block in the experiment.

4. Create a quantification region for each VAMAS block, where the limits
to the region define a set of data channels over which the intensity can
be averaged and assumed to be representative of the signal measured
for the isotope being profiled.

The quickest means of creating quantification regions on SNMS/SIMS data is
to use the Calibration property page on the Dynamic SIMS dialog window.

223



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

Calibration I SMMS RSF Ealculalur} Prepare Fluhlesl

Define Interface | Drefine Matrix | Ref. 5|gma|_._| Cu[0]

b atrix In... | Interface | RSF ‘ Sputter ... | L~
Dase [atams/cm2]: Cu[0] Cu[0] 1 52233 1
culo] culo] 1 52233, 1
1.0000e+000 culo] culo] 1 52233 1.
Cu[d] Culd] 1 5.2233e. 1
Depth [nm): J Cu[0] Cu ] 1 52233 1
Cu[d] Culd] 1 5.2233e. 1
4.0000e+002 Cu[d] Culd] 1 5.2233e. 1
Cu[d] Culd] 1 5.2233e. 1
Sl SufitesiEE cull Culdl 1 5.223%. 1%
I EemenalRSF |5 ) >

I UseRef Signal  Bulk Doped [atoms/om3):  [1.0000e+000
Compute RSF I™ Use Bulk Doped Compute Sputter Rate .
RSF: 1.0000e+000 Sputter Rate [cmss) | |5.2233e-005

Apply ASF/SA toMatHx| Apply RSF/SA lo\nlerface‘ Restare ASF/SA |

Depth Prafile Calibration

Calibrate Depth Profile ¥ Nomalise to Matie Interface Stalistics
Calibrate All Profiles ¥ Use Mano metres Frofile Statistics

Overlay all the VAMAS blocks in the active tile before pressing the Define
Surf/BG button on the Calibration property page.

aXPS Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms]
File ‘iew ‘Window Options Select Help X

D || o5 | K| Ba| | B Ha | B | EIe 0|5/ |5 = e & Skl
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Calbration | SNMS RSF Calcuiator | Prepare Prafies |

a0 W Define Interface: | Define Mati | Fif Signal | [Cull]
Define Surl 86

Matrix In._. | Interface | RSF Spulter -~

Dose (stoms/em2) | Cu0)] ]
cu) Culg] 52233

1.00002+000 Cul] Cult] 52733
60

E

1 1

1 1

i 1 1

1 cu) cufl] 1 5273%.. 1
Hi Depth [nm]; J Cu[0] culo] 1 52233 1

cu) cufl] 1 5273%.. 1

4.00002+002 cu) cufl] 1 52233%. 1

cul culll 1 5223%.. 1

5.2233%.

W Subtract BG
407 I ElementalRSF 1€ ] >
I” UseRef. Signal  Bulk Doped [atoms/cm3}  [1.0000e+000

" Ee CompusrisF_| I UsoBukDosed  Compno Sttt | .|
20 RSF: 1.0000e+000 Sputter Rate (cmds): | |5.2233e-005

fioply FISF/SR toMatin | Apply FSF/SR  Inettace | Restoe RSF/SR |

(4

107 Mo Depth Profils Calibration
> o R Calibrate Depth Profik Interface Statistics:
— 4t & albrate Depth Profile | [# Namalise ta Matrix
i i ] f Calibate All Profles [ UseManomelies  Profie Stalisics
0 4 8 12 16
Cyoles
Ready e:idocuments and settingsinealimy documer

Define Surf/BG
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The Define Surf/BG button creates two quantification regions per VAMAS
block overlaid in the active tile. Only the first region, assigned the name Peak,
is used to determine the signal intensity for the SNMS data. The reason two
regions are created is to allow dynamic SIMS experiments to define a surface
zone and a zone representative of the background signal to a SIMS profile.
The quantification regions are so named because of their use in XPS data
analysis. For the purposes of SIMS and SNMS, the regions only define
intervals. Should these intervals need changing from the default values
obtained by pressing the Define Surf/BG button, the Regions property page
on the Quantification Parameters dialog window provides a means of making
changes to these interval limits.

CasaXP$ Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms]

File View Window BERIEMIEN Select Help _ 8 x
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ile Display ...
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Delete Tile DELETE ==l . - = | Dfine Intet; Start 2 13
807/'_,J—¥ - efine Interfal Erd 3 ]
Save Tile Format a " BG Tupe Nore Mean
Define Surf/] o
Restore Tile Format E Lo width 1] 0
70 ] : : 5 Diose atoms/eq | 5t Offset 0 i
Save Tile Format File ..., i End Offset i i
Load Tile Farmat File ... = 1.0000e+000 Cross Se.. | 299 h4. | 235 542 27
60 ] L A Tag NoTag MNoTag
= Dieth hees 00 XK
Std Dev ... 1] ]
4.0000e+002 hahm 1.47272 097164
=
El 04 Pasition 3 16
3 - ¥ Subtract B % Conge... 000 T00.00
=] M ax Height 0.0 0.0
407 z e M e 00
gl [ UseFef 5 |Peakto.. [ 7118 EZ
3 g
0] rfuo [as] Fe Compute R Create | Calculate Ermaor Bars | Delete |
- =]
201 " o § A5F: |T Create From Labels | Save Regions ... | Copy and Paste |
2 g %3 Apply RSF/S Intensity Calibration Ty Wemes
- i [T Automatic [0
10 ) 'ﬁ Tlo 5 M Depth Prafile itz
] 5TO| RCL| RST
; ; : gﬁ ; ;; ; ; : Eo;% E — ot Calibrat
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Quantification Definition Tables ctidocuments and settingsinealimy docum

Each VAMAS block must be updated with any changes to the region limits.
Quantification regions are propagated from one VAMAS block to others by
selecting the range of VAMAS blocks in the right-hand pane of the
experiment frame and right-clicking the mouse over the left-hand pane
displaying the data with the modified regions. A dialog window appears
offering the ability to propagate the regions to other VAMAS blocks listed on
the dialog.

225



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

Browser Operations

X
Propagate

™ Processing ™ Annotation Cancel

™ Components [~ Error Bars

™ Match Species/Tranzition

Quantification
+ Mone " Regions " Comps " Combined
Source: Cu
Selected Black Id._ | File Name
Cu hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
Mi hastelloy set 1 with co.csv.vms : c\documents and settingsinealsmy...
Cr hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
W hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
Ma hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
Co hastelloy zet 1 with co.cav.vms : o\documents and settings\neal‘my...
W hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
Fe hastelloy set 1 with co.cav.vms ; ohdocuments and settingzhnealimy...
< | (=

Tick the tick-box in the propagate section and press the OK button. A further
dialog window appears requesting confirmation, which should be accepted
by pressing the Yes button.

CasaXP5 X

‘ou are about ko propagate regionsfcomponents ko spectra
! of different Elerment)Transition.

Conkinue?

Assuming that the background region is deleted and the Peak region adjusted
to provide a representative average signal from each profile, the appearance
of the set of profiles changes as follows.

CasaXPS$ Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms]
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Following the creation of an appropriate quantification region, the SNMS RSF
Calculator property page will show the average value determined from the
region for the first VAMAS block displayed in the active tile.

CasaXPS Licensed to:A1 CASA - [hastelloy set 1 with co.csv.vms]

[E9 Ele View Window Options Select Help -8 x
0 | o | S| | | o | | i L | 1| 8| 5 e 2 [ ] ) ) | SB[ 2)
0|a| =& Piltal>e] Aol Ay B2 @] D= o] ] | B
O e R e A TS e R e WA e e A el R s T e s A s A =131~
MNone. NN 15, 15, EN EN 13,
904 ¥ Calibration SNMS RSF Calculator | Erepare Prcfes |
_,_—v——vg—r*—*-ﬂ——l_, /,__,,;—_v—v_‘.,_,__“
803 y’ v SNMS RSF Caloulator
- 5
704 = Standard
A

G xwegn CxAwc % [z
607
B i o Sn SIS Mespsboklol [s3538

#50
£504
3 Signallsotopic Mass gz aza6 | ntersiy (CFS) [agani7
401
Name [ %Wt | %Atomic | Massp.. | SF [ 1stope_ &
2 Cu 02 B [ 629296
30 ] kY Hi g5 - 587018 1 57.9353
Te o 16815 - 519957 1 51.9405
#_._Awf v 022 _ 509415 1 G944 ¥
203 < >
E Acd Missing Elemert | Caleulate SFs | Caleulate ASFs ‘
10 & 8 Mo
o ] SNMS Quantification

8t = et = .f‘ it = [V Use Nano metres Copy RSF to Selected YBs
0 4 8 12 16 Atamic % Mass %

Ready iidocuments and settingsinealimy docume

The VAMAS file for the standard sample is now ready to calculate the

sensitivity factors for the measured isotopes.
VAMAS blocks used in the calculation of the sensitivity factors must be:
1. All overlaid in the active tile
2. The table on the SNMS RSF Calculator property page displays the
correct percentage compositions , Mass per Mole and signal isotopic
mass
3. Aregion is defined on each VAMAS block.

Once the data are prepared appropriately, pressing the Calculate SF button
calculates and adds sensitivity factors to the table on the property page.

Calculate SF= |

M Dynamic SIMS =3

Calibation SNMS RSF Caloulstor | Prepare Ficties |

SMMS RSF Calculator
Cu

Standard

© Rwegl C xmewe  ® [0z
MassperMaelo) [EcE

Signallsaopic Mass 20286 Inlensiy (0PS) [2zai17

Wame | %Wt | %Atomic | Massp. | SF lsotope_ &
Ci 02 - b3543 02659682 625296
Ni 55 - 587016 176426 579353
o 1BI5 - 51,9957 0445009 519405
W 02z - G035415 0328954 G50544 w
< >

dd Missing Element TEHUEESF: ] Caloulate ASFs
SNMS Quartification

¥ Use Nano metres Copy RSF to Selected WEs
monic | Massx |
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Alternatively, relative sensitivity factors are calculated by first selecting an

entry in the Name column of the table before pressing the Calculate RSFs

button

Calculate RSFs |

M Dynamic SIMS

Calibration  SMMS RSF Calculator | Prepare Profiles

SMMS RSF Caloulator
Cu

Standard
& Zweight % Atomic

* oz
Mass per Mole [a] {53549 g

Signal lsotopic Mass (52 go95 Intenzity [CPS] (295117

Hame ‘ AL | % Abomic | Mass p... ‘ 5F | lsotope &
Mo 171 - 959219 264223 579054
Co 15 - 589332 0EE3302 589332
N 423 183.847 334633 183951
73 55.8458 05593691 559349 %
£ >
Add Missing Element ‘ Calculate 5Fs | Calculate RSFs ‘

SMMS Quantification
W Use Mana metres

Copy RSF to Selected VB

Aarnic: % | Mazs % |

A dialog window report the reference isotope by name and on pressing OK,
the table is populated with RSF with respect to the indicated VAMAS block.

X

CasaXP5s

'T Relative SF calculated with respect ko:

Fe

In both cases, the RSF or SF values are also entered into the VAMAS blocks on

a cycle-by-cycle basis, which can be verified via the Calibration property page

of the Dynamic SIMS dialog window.

B Dynamic SIMS

Calibration I SNS ASF Eal:u\atnr} Prepare F‘lnhles]

Define Interface ‘ Define Matrix | Ref. Signal | Nifl]
Drefine Swif/BG

I atrix Inn... | Interface ‘ RSF | Sputter ‘ Cis
Dose [stoms/cmZ) Cu[0] Cu[0] 297168 1 5
cudl cudl 297168 1 5
1.0000e-+000 Cul0] Cul0] 297168 1 5
cudl cudl 297168 1 5
Depth [nm}: J Cu0] Cu0] 297168 1 5
cudl cudl 297168 1 5
4.0000e+002 Cul0] Cul0] 297168 1 5
cudl cudl 297168 1 5
W Subract BG Cull Culll 297168 1 5%
[ ElementalRSF 1€ D)

[~ UseRef. Signal  Bulk Doped [atoms/om3) [ 0000e+000

Compute RSF [™ Use Bulk Doped Compute Sputter Rate .
RSF: 4.3740e-001 Sputter Rate [cmds): | |1.0000e+000

ApplyFlSF/SHIU\nlErfacE| Restore RSF/SR \

R ERE TR

Depth Prafile Calibration

Calibrate Depth Profile v Nomalise to Matiy | ierface Stafistics
Calibrate Al Profiles W Use Mano meties Frofile Statistics
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Quantification of SNMS Profiles

Isotopic profiles are quantified by applying the sensitivity factors to the
intensities measured from the sample. These sensitivity factors are
maintained within profiles measured from standard materials of known
composition. The quantification of a profile is therefore achieved by
transferring the appropriate sensitivity factors from these standard materials
to the unknown material, establishing the sputter-rate for the material under
analysis, followed by calculation of the percentage atomic or mass
concentrations. The result is a new experiment frame containing the
quantified profile. The process will be illustrated by quantifying a stainless
steel sample using sensitivity factors determined from a Hastelloy material of
known composition.

Quantification of Stainless Steel using SNMS: an Example

CasaXPS Licensed to:A1 CASA - [stainless steel set 1 with co.csv.vms]
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] Cull]  Cufl] 1 1 4
1 | 1.0000e+000 Eu {g} Eu {g} } } 1
= u u
Depth [nm): Cu[0] Cu[0] 1 1 4
1 | e cuol cul 1 1 4
10| | 1.0000e+007 Cu 0] Cu 0] 1 1 4
= Cull]  Cufl] 1 1 4
5 | W Subiract BG Cull cull 1 1 v
S g I~ Elemental RSF 1% %
| \ I UseRef Signsl  Bulk Doped (atomséem3): 1 0000s+000
6 | Compute RSF [” UseBukDoped  Compuie Sputter Rate

4 Mi L B S RSF: 1.0000e+000 5 R Al -+
B A putter Rate [cmds): | |1.0000e+000

7 ‘ Aoply RSF/SR to Mativ | Apply RSF/SR tolnteriacs | Restors RSF/AR |

5 | Diepth Prafile Calibration

_k—o——gj—rQ—Q—b—t—O—O—Q—O—Q—O——Q——O——Q——Q—Q— Calibrate Depth Profile v Mormalise to Matriz W
07 P S MOACOAV“TA A h A A A A A A w v Use Mano metres M
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Ready ciidocuments and settingsineal\my documentsiworkingdirihidenihidenthidentsnmsidata For manualiraw datalstainless steel se I

On conversion, the data from a stainless steel sample appears in CasaXPS,
viewed via the Calibration property page of the Dynamic SIMS dialog window,
as a set of VAMAS blocks in the right-hand pane of an experiment frame.

ong |Ma... Ma... | Ma... | Ma... | Ma... | Ma.. | Ma... | Ma...
Bcu B0 ni A0 cr OB v BN ro B0 Co B0 v 01 Fe 1

The Calibration property page shows that initially the profiles are all assigned

an RSF of unity and a unit sputter-rate.
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I Dynamic SIMS

Calibration l SNMS RSF Calculator] Prepare Profiles]

Define Interface | D' efine b atrix | Fef. Signal...| Ni[1]

b atris Ir... | Interface | RSF | Sputter ... | Ci~
Dose [atomsAcm2]: Cu[0] Cu 0] 1 1 4
Cu [0] Cu [0] 1 1 4
1.0000e+000 Cul0] Cul0] 1 1 4
Cu[0] Cu[0] 1 1 4
Depth [hm]: Cu[0] Cul0] 1 1 4
J Cu[0] Cu[0] 1 1 4
1.0000e+007 Culd] Culd] 1 1 4
¥ siwetS|Cin ol : HE
[ ElmentalRSF 1% 2

I UseRef Signal  Bulk Doped [stoms/em3]: [1 nonge+000
Compute RSF [ Use Bulk Doped Compute Sputter B ate
RSF: 1.0000e+000 Sputter Rate [cmdz): | |1.0000e+000

Apply RSF/SR toMatri:-:| Epply RSF/SR tolnterface| Restore RSF/SR |

Depth Profile Calibration

Calirate Depth Frofie | [ Nomalse to Matix _I"tetface Statisios
Calibrate All Profiles | V¥ Use Nano metres Profile Statistics

RSFs and sputter-rates are defined on a cycle-by-cycle basis. This allows
values to be adjusted depending on the point in a profile at which the
intensities are measured. In multilayer materials permitting differing RSFs
and sputter-rates may be important; however for a uniform stainless steel
sample all cycles will be assigned the same RSFs and sputter-rates
independent of depth.

The Prepare Profile property page on the Dynamic SIMS dialog window
provides the tools for transferring RSFs and sputter-rates between profiles.

Bl Dynamic SIMS

Calibration] SMMS RSF Caloulator  Prepare Profiles ]

Select Matching Blocks | Select and Display Matching Blocks |

Source WAMAS Blocks Overlaid in the Active Tile

Black Id | Match String
Mi Mazs B2

Cr Mass 52

Fe Mazs B

Cu Mass B3

W Mazs B

Mo Mass 98

Co Mazs B

L Mass 184

Copy RSFs to Matching Selected VEs |

Copy Sputter Rates to All Selected VB2 |

SNMS GQuantification

[¥ Uze Manametes

Atamic % by File tazs % by File |
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To transfer the RSFs from the Hastelloy standard to calibrate a stainless steel
sample:
1. Load both the Hastelloy profile (previously processed to include the
sensitivity factors) and the stainless steel profile.

Data converted from Hiden files include VAMAS fields defining the element
and species for the VAMAS blocks. While these strings are only important in
as much as profiles from the same isotopic peaks must be assigned identical
strings, the actual strings are at the users discretion. The Hiden data labels
the mass peaks with the nominal mass such as “Mass 58”. These element and
transition strings are used to make global selections within the set of open
VAMAS files; also the transfer of RSF and sputter-rate values is achieved via
the Prepare Profile property page based on these strings. Therefore, a
consistent assignment for these fields significantly aids the speed of data
preparation leading to quantified profiles.
2. Tile the experiment frames within CasaXPS so that the right-hand
panes can easily be seen

CasaXPs Licensed to:A1 CASA
File  Wiew Options  Select  Help

SET T EOECEEEREC TR
0| c T | i |=*|+*|@| ] es] ] ] e ]

Arrange Icons
fo( o] 2|2

4 v 1 partial_calib_hastelloy set 1 with co.csw.vms
A 2 stainless steel set 1 with co.csv.vms

o Jva (o, v, M, |va. |1a.. | e ]
= 0 cu B0 m 0 ce By 0o B Co 0w B Fe

Cahblat\un] SMMS RSF Calculator  Frepare Profiles

Select Malching Blucks ‘ Selact ond Display Matching Blocks ‘

Source MAMAS Blocks Overlaid in the Active Tile

Block |d [ Match String
Mass B3
Mass 58
Mass 52
tass 51
Mass 38
Mass 53
Mass 184

Mass 55 e [ta. [tz [Man. [Ma [Ma., [Ma, [Ma,.
CopyHSFsloMalch\ngSe\ectedVBs| Lew T w Ter ] v Jmofocolwl

Copy Sputter Rates to &l S lacted YBs |

SNMS Quantification

W Use Nanometres

Atamic % by Fils Mass % by File |

»

Arrange windows as non-owverlapping tiles i \Docurments and SettingsiMealily Docurments\WworkingDiriHideniHidenHiden!,ShMS|Data For ManualiRaw Datalpartisl_calib_

In this example only two files are in use so tiling the opened files using the
Window menu is relatively easy. When more files are involved, a cascade of
experiment frames can be more useful a means of monitoring the selections
within the file set.
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CasaXPS Licensed to:A1 CASA
File  View Options  Select  Help

Mew window

Arrange cons

+ 1 partial_calib_hastelloy sek 1 with co.csv.vms
2 stainless steel set 1 with co.csw.vms

M Dynamic SIMS

Calibration | SMMS RSF Calculator  Prepare Profiles

Select Maiching Blocks | Select and Display Matching Blacks |

Source VAMAS Blocks Overaid in the Active Tile

Block Id | Match Sting |
Cu Mass B3

Hi Mass 58

o Mass 52

v Mass 51

Mo Mass 38

Co Mass 53

w Mass 184

Fe Mass 56

Copy RSFs to Matching Selected VBs
Capy Sputter Rates ta Al Selected VBs

¥ Use Nanometres

SNMS Quantification

Atoric % by Fie | Mass z by File |

 — —————————————— Ings\Neal\My DocumentsiWorkingDir{HiderHidenHiden|SMMSiData For ManualiRaw Datapartial_calib_ /J

3. Select the VAMAS blocks within the Hastelloy standard previously
prepared with appropriate sensitivity factors.

4. Press the ===t Matching Blocks |button to match the selection from the
Hastelloy experiment frame throughout the opened VAMAS files.

jow Options  Select

0| 8 el s | 1 | | s 2 | 7 [ || @B | =@
m][=i]=] [ I R R A R N PN A W s | 2] O R e [ A _||
g [ =[RRI e [ S e i e e e e 2 1 ™ e S (S P~ 3

B partial_calib_hastelloy set 1 with co.csv.vms

90.7| Calibration | SHMS RSF Calculator  Prepare Profiles

Select Matching Blocks | Select and Display Matching Blocks |

Source VAMAS Blocks Overaid in the Active Tile

Block Id | Match Sting |
Cu Mass 63

Ni Mass 56

Cr Mass B2

v Mass 51

Mo Mass 98

Co Mass B

w Mass 184

Fe Mass BE

Copy RSFs to Matching Selected VBs
Copy Sputter Rates to All Selected YBs

I Lse Nanometres

SNMS G

Atomic % by Fie | Mass % by File |

v

Lments|iorkingDirHideniHidentHiden|ShIME|Data for Manualifaw Datapartial_cal_ /|

5. Ensure that the source experiment frame is the experiment frame with

focus.

partial_calib_hastelloy set 1 with co.csv.vms

stainless steel set 1 with co.csv.vms
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Copy BSFz o Matching Selected WBz

6. Press the | button.

A dialog appears listing the set of VAMAS blocks together with the file names
from which the VAMAS blocks belong.

Copy when Matched SIMS/SNMS RSFs to Listed Blocks g|
Cancel

partial_calib_hasteloy zet 1 with co.cev. vms © CADocuments and SettingziMealyhp Documentz\wWorkin
Selected Block 1d. File: W ame ~
Cu partial_calib_hasteloy zet 1 with co.cev.ovms © CADocuments and Setting:

Mi partial_calib_hasteloy zet 1 with cocsvovms @ CADocuments and Setting:

Cr partial_calib_hasteloy zet 1 with co.cav.vms © CADocuments and S etting:

i partial_calib_hastelloy zet 1 with co.cev.vms © CADocuments and Setting:
ko partial_calib_haztelloy zet 1 with co.cev.oems @ CADocuments and Setting:
Co partial_calib_hasteloy zet 1 with co.cev.ovms © CADocuments and Setting:
W partial_calib_hastellay set 1 with co.csv.vms @ ChA\Docurents and Setting:
Fe partial_calib_hasteloy zet 1 with co.cev.vms © CADocuments and S etting:
Cu ghainless steel zet 1 with co.cev.wms ;| ovdocuments and zettingshneal'm,

Mi gtairless steel zet 1 with co.cev.wms © ovdocuments and zettingshheal'm,

Cr shainless steel zet 1 with co.cov.wms © cdocuments and zettingshneal'm,

W stainless steel zet 1 with co.cav.vms © chdocuments and settingsinealtmy,
[l stainless steel zet 1 with co.cev wms © ovdocuments and settingshneal'm,
Co ghainless steel zet 1 with co.cev.wms | ovdocuments and zettingshneal'my, 4
< >

7. To transfer the RSF from the source file to the destination VAMAS
blocks, press the OK button on the dialog.

The key point to note is that the RSFs are copied only to those VAMAS blocks
for which the source VAMAS block element/species strings match the target
element/species strings. To force the transfer of RSF values to other VAMAS
blocks regardless of such constraints, use the button on the SNMS RSF
Calculator property page.

Copy RB5F to Selected WBz |

M Dynamic SIMS 9[=1(ES)

Calibration  SMMS RSF Caleulator ] Prepare F’rofiles]

SMMS RSF Calculator
Cu

Standard

Mass per Mole [0) [g3549 g
Signal lsotopic Mass (g2 9pg5 Intensity [CPS) (295117

MName | Z Wt | % Atomic ‘ Mass p... ‘ SF | |sotope

Cu .2 - E3.543 0.437401  B29231

Hi 515 - B37018 287168 57935

Cr 1615 - 519357 0749563 51.9400

v nzz - B0.59415 0554082 50944 v

< >
Add Mizzing Element | Calculate SFe | Calculate RSFe |

SMMS Quantification

v Use Nano metres Copy RSF to Selected ¥Bs
Ataric % Mass 2
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Following these operations the VAMAS blocks in stainless steel sample is
populated with RSFs from the Hastelloy standard. These values can be
viewed via the Calibration property page, where the table lists both the RSF
per cycle and also the sputter rate per cycle. The remaining step is to assign a
sputter rate for the stainless steel sample using the Calibration property

page.

CasaXPS Licensed to:A1 CASA - [stainless steel set 1 with co.csv.vms] Q@g|
El\e Wiew Window Options Select Help -8 x
0| | o | | | | | | | | 5| 6| 8| OO o[ =] 7 [ 0] | 5] @ | SB|ra[ 2
e =T e I e e R e N 3 L= ! = e e e e e
P o e R S A e e W A A A B B K A B el o 23 =

|Nnna |Ma‘.. |Ma‘.. ‘Ma‘.. ‘Ma..‘ ‘Ma..‘ |Ma..‘ |Ma.‘. |Ma.‘. |
I Emmmm—— [ W[ e [ o | W [ Fe
E 107! = HE@

| Calibration I SMMS RSF Calcu\alul} Prepaie Pruhlesl

Define Interface | Define Matrix | Ref. Signal | Cr [2]
Define Surf/BG
tdatrix In. | Interface | RSF ‘ Sputter | Cin

Dose [atoms/cm?) Cu[0] Cu[0] 0743563 1 1
Cufo] Cull] 0749563 1 1

1.0000e+000 culo] Cull] 074853 1 1
Culo] Cull] 0749563 1 1

Degth[nml: | |cufol Culd] 0743563 1 1
culn] Cull] 074853 1 1

1.0000e+007 culo] Culd] 0749563 1 1
culn] Cull] 074853 1 1

' Sublract BG Cufl Culll 0749563 1 1

I ElemenialRsF | 2

[ UseRef Signal  Bulk Doped [atoms/em3}: (1 0000e+000
Compute RSF I™ Use Bulk Doped Compute Sputter Rate
RsF: | [1.0000=+000 Sputter Rate [em/s): | [1.0000s+000

Apply RSF/SR tnMatrix‘ ApplyRSFf’SRtnlntarfaca| Restore RSF/SH |

Depth Profile Calibration

Calibrate Depth Profile ¥ Momalise to Matie INterface Statistics
Calibrate Al Prafiles v Use Mano metres Profile Statistics

Ready cihdocuments and settingsinealimy documentstworkingdirthidenyhiden'hiden)snms'data For manualiraw dataistainless steel se

Specifying the Sputter-Rate

The sputter rate for a profile is updated on the Calibration property page of
the Dynamic SIMS dialog window. The information presented on the
Calibration property page is designed for calibrating dynamic SIMS profiles.
The mechanism allows the specification of sputter rates and RSFs based on
matrix materials. Since the RSF is already added to the SNMS data via the
Prepare Profiles or SNMS RSF Calculator property pages, the RSF must be
retrieved before applying the newly calculated sputter-rate to the SNMS
profile. Note that all VAMAS blocks in the row containing the block used to
enter the sputter rate are also updated.

To update the sputter rate for a profile, perform the following steps using the
Calibration property page.
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B Dynamic SIS EEX

Calibration l SMNMS RSF Calculator | Prepare Profiles |

Define Interface | Define katrix | Fief. Signal ... | Cr[2]
Define Surf/BG

Matrix ... | Interface | RSF | Sputter ... | Ci~
Dioze [atoms/omz]: Cu [0] Cu 0] 0.749563 1 1
Culn] Cul] 0749563 1 1
1.0000e+000 Cu [0] 07459563 1 1
[ Culo] | Cul] 0749563 1 1
Depth [nm]: J 0] Cu 0] 0749563 1 1
Cul0] Cu 0749563 1 1
4.0000e+002 Cu[0] Cu [0 07459563 1 1
Cu[0] Cu [0] 07459563 1 1

' Sublract BG Culdl Cu 0l 0749553 1 1
I ElementalRSF 1% )

Bulk Doped [atoms/cm3]:

1.0000e+000

™ Use Ref. Signal

Compute RSF [ Use Buk Doped ||
RSF: 7.4956e-001 | Sputter Rate [cmdz): ||5.5003e-005

Aipply ISF/3Fi to Matrs || Apply RSF/SR toneface | Restore ASF/AA_ |

Drepth Profile Calibration

Callrate Depth Profle | [ Nomase to Matx _/niertace Stafistcs

Copyright © 2009 Casa Software Ltd

Calibrate All Profiles

| ¥ Use Mano metres Profile Statistics

Select an entry from the Matrix Index column as shown.

Press the RSF button to retrieve the RSF value from the table.

Enter the Crater depth in the text-field just below the Depth (nm)

label before pressing the Compute Sputter Rate button.

4.,

Press the Apply RSF/SR to Matrix button.

Creating a Calibrated SNMS Profile

Once the set of VAMAS blocks containing the SNMS profile have been
populated with RSFs and the sputter-rate, quantification in terms of Atomic

or Mass concentrations is achieved by pressing the appropriate buttons on

the either the SNMS RSF Calculator property page or the Prepare Profile

property page.

B Dynamic SIMS

Calibration SMMS RSF Caloulator | Prepare F‘rohles]

SNMS RSF Caleulator
Cr

ht " % Atomic

% ,ui
Mass per Mole (gl [51.9357 g

Signal lsotopic Mass (51 9405 Intensity [CPS] [

| |sotope

Mame | EA | % Atamic | Mazs p... | SF

Cr 1] 1] 519957 1 51.9405
< b3
Add Missing Element ‘ Calculate SFz | Calculate RSFs ‘

SNMS Quantification
Iv Use Mano metres

Copy RSF to Selected VB

| Atamic: % | Mass % ||

Select Matching Blocks | Select and Display M atching Blocks |

M Dynamic SIMS EEX

Caliblation} SMMS RSF Calculator  Prepare Prafiles ]

Source YAMAS Blocks Overlaid in the Active Tile

Block |d

tdatch String

Cr Mass 62

Copy A5Fs to Matching Selected VEs |

Copy Sputter Fates to Al Selected VB3 |

SMHMS Quantification

W Use Manometres

Atomic % by File

tazz % by File ||
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These two property pages provide a means of quantifying SNMS data either
one file at a time or multiple files in one operation.

The SNMS RSF Calculator property page provides a means of quantifying the
SNMS profile in the active tile. To perform the quantification step, display
one or more VAMAS blocks in the active tile. Ensure the RSF and sputter-
rates are correctly assigned for each of the VAMAS blocks by inspecting the
table on the Calibration property page. To quantify the profile, press the %
Atomic or % Mass buttons on the SNMS RSF Calculator property page. A new
experiment frame is created containing a set of VAMAS blocks in which the
data are scaled by the sensitivity factors and offered as a percentage of the
total scaled intensities. The profiles are therefore presented in the form of an
amount of substance rather than the raw signal.

Before quantification the signal is displayed in raw counts against acquisition
cycle number.

CasaXPS5 Licensed to:A1 CASA - [stainless steel set 1 with co.csv.vms]
File Wew MWindow Options Select Help

Add Missing Element |

0] o e | e o s [ B B A R |2 B ||| - | 2 || (o] @B | =[] 2]
O|el| 3@ il 2lalo|nlalv] EleE] @] mjm|=] o) wln] ] b s/e(] el wm
|| peolii(m] = il o |l jlmlonlon) £l 2] ¥ bl oal] o =] |
18 xlOl ":i EE[EI
1 | Calibration  SNMS RSF Calculator ] Prepare Prafiles
16 | Fe
| /_w"ﬂf‘w SMMS RSF Calculstor
14 | Cu
R ! Standard
12| | & xweight C %peeic % o
1 | Mazs per Mole [g] ’W
10 |
B
§ 8_- | Signal | sotopic Mass’W Intensity [CPS) ’07
] | Name | W ‘ % Atomic | Mass p.. | SF | lsotope A
6 | Cu ] i] E3.549 1 E2.9291
7 Mi 1] 1] qa.7018 1 57.935
| i Cr 1] 1] 51.9957 1 51.9400
W’J’_"H“H_H‘_”\ W 0 1] 509415 1 B0.944 »
4 | < L)

Calculate SFs | Calculate RSFs |

Copy RSF ta Selected WBs

7 T
J SMMS Quantification
ohodon, o W MeCoR W Use Mano metres
P
0 4 ] 12 16 Atarnic: 7 | Mass % |
Cryrles

Ready ct\documents and settingsinealimy doaTETEE TR OT TR

T ST,

e T TS AT ST (TS e e

After quantification, the data are presented in percentage of material against

depth in nanometres.
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CasaXP5 Licensed to:A1 CASA - [stainless steel set 1 with co.csv_%AtConc.vms]

(D Fle view Window Options Select Help a x
D | | ol B e M| | | 5 B | 5 | 6 | 5 | | o [ | ]| B | S{12[®
=1 = 1 e 2 N R N PN K e e ) e A R
T I | L s =S s e kA RA NI L R A LN 6=~
il ol v w Il e
' - x)
Calioration SNMS FSF Calculstar | Prepare Prefles
50
M SNMS RSF Caloulstor
/_E&ﬂﬂw Cu
Standard
40 @ aweh O xmewe % [T
: Massperhiolela) [0
< 30 ]
g Signal Istopic aze g Intesiy (5] [3
=
Neme | %Wt | %Atomic | Massp.. | SF [ lsctope &
20 Cu [ [ [ 1 0
Ni 0 0 1 o
o 0 0 0 1 0
v 0 ] i 1 [
< | &
10
fcd Missing gEIemEnt| Caloulate 5Fs ‘ Ealcu\aleRSFsl
83 SNMS Quantifiation
: | : ; | ‘ ‘ : ¥ Uss Nano metres Copy RSF to Selected WBs
50 100 150 200 250 300 350 400 Atomic % Mass %
Depthinm)
Ready

The alternative to performing the quantification on a file by file basis is to

prepare a set of SNMS profiles and then use the Prepare Profile property

page to quantify the data in one operation.
Sputter rates may be transferred to other profiles using the Prepare Profile

property page in an analogous way to the RSF mechanism.

When multiple VAMAS files are opened in CasaXPS and prepared with

appropriate RSF and sputter-rates, the Atomic % by File button or the Mass %

by File button may be used to quantify the profiles in each opened file for

which at least one VAMAS block is selected and the active tile displays data

from one profile in the file. The following steps lead to quantification for two

profiles.
1.

Tile the experiment frames within the CasaXPS main window

v Ma.. [Ma.. |Ma.. |Ma. [Ma.. |Ma.. |Ma.
Lew T Tor T v Tmo [CoJ W [Fe|

Select Matohing Blocks | Select and Display Matching Blacks |

Calibration | SNMS RISF Calculator  Prepare Frofiles
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2.

3.

Copyright © 2009 Casa Software Ltd

Select one of the VAMAS blocks common to both profiles to be
quantified and press the Select and Display Matching Blocks button

Select and Dizplay M atching Blockz |

CasaXPS Licensed to:A1 CASA

File View Window Options Select Help

0| ] B o] ] | | | B | | o | [ || @B | =[] @

[ L= T e e e 2 1= e e S

A R I

B partial_calib_hastelloy set 1 with co.csv.vms

gsso
530

0 4 B 12 16

470

Y = T e 1 N VS e 2 QA I e el 2 5

Ma. Ma.. Ma.. Ma... | Ma.. | Ma.
[cu [WYMT o | v [ Mo | o | W [ Fe |

. [ ta.. [Ma.. [Ma.. [Ma.. [Ma.. [Ha...
o T v T Mo | Co | w | Fe |

3., | ta, [ Ma. | Ma, | Ma [ Ma | Wa
I cr T Mo [ Co [ W [ Fe | Ag |

stlmnlelz| SIEE

M Dynamic SIMS

Calibration | SNMS ASF Calou

Select Matching Blocks

lator  Prepare Profiles

| Selest and Display Matohing Blacks |

Source VAMAS Blocks Dverlaid in the Active Tile

Block |d | Match String n
i Mass 58
Copy ASFs to Matching Selected VBs
Copy Sputter Rates to All Selected VBs
SHMS O

[V Use Nanometies

Atomic % by File

| Mass kbyFie |

Deselect the VAMAS block in the experiment frame for which no

quantification is required.

CasaXP5 Licensed to:A1 CASA
Fle Wiew Window Options Select Help

| | a1 = | R | S | | |||

o e e A e e S T =T [ A

e (@] o] 2lelolslaly] Bl m] mlmm| ] o] ] ] ] o] ]

partial_calib_hastelloy set 1 with co.csv.vms

Ma,.,

= Y = 1 e = I i o R )

[i] [ cu

Ma.. [Ma.. [Ma.. [Ma.. [Ma.. [Ma. [ Ma...
[m | o [ v [ M | Co [ w | Fe |

A W W Y N S A A T -3

M Dynamic SIMS

o 4 2 12 16

Calibration | SMMS FiSF Caleulator - Prepare Profiles

Select Matching Blocks | Select and Display Matching Blocks |

Source YAMAS Blocks Overlaid in the Active Tile

o 4 g 12 16

o [Ma [Man, [Ma. [Man, [Ma..
U o v [ Mo [ Co | W | Fe |

Counts
==

B B
0 30 60 90 120
Cyrles

o [Ma [ Man, [Ma, [Ma, | Ma,.
| Mo | Co | W | Fe | Ag |

Block |4

Mi

[ Match Shing n
Mass 58

Copy RSFs to Matching Selected WBs
Capy Sputter Rates to Al Selected VB s

SNIS Quantiicaic
[V Use Nanometres

Ataric: % by File

| Mass % byFie |

Press the Atomic % by File button.
Review the list of files displayed in the resulting dialog window and

press OK if all is well.
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Quantify SNMS Profiles X
Cancel
% Atomic Concentration
Selected Block |d. ‘ File Mame
Mi stainless steel set 1 with co.cev.vms | chdocuments and settingsinealvmy ..
Mi cu multilaper hasteloy reference. plus.vms : o \documents and settingsine...
d | &8

Two new experiment frames appear containing the quantified profiles from
the two files for which at least one VAMAS block is selected.

CasaXPS Licensed to:h1 CASA (=19
File View Wwindow Options Select Help

0| o e | | = || e B | R @ ||| 7 [ || B | <] @)
Cle|alwE| mlald 2lalolnlalv] Bl lE] @) e b s %| il
&) oozl @ | lliei] oo | o] zoglmet] ol | 212 o2 Elaas] aladl Lo|=tlis|on| 2|E0ET

i

40
g
g
g g
230 S 30
3 g
2
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v i
20
20 o
10 Jyr Ww 10]
wbw
R cr T
o ﬁ’ﬂ T i
L M LAAMLAEsaseans e R AR L AREREsnzassesesy
500 100 130 200 250 300 350 400 500100 150 200 250 300 350 400
Depth{nm) Depthino)

Note that:

e Only files in which a VAMAS block is selected are quantified.

e Each raw file contains the information required to perform the
quantification and therefore any number of different files can be
quantified at once provided the RSF and sputter-rates are prepare
appropriately and a selection includes at least one VAMAS block.

e The Control-Key and the mouse can be used to add to the selection
across experiment frames, so the operation is not limited by the
functionality of the selection options on the Prepare Profile property
page.
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Hiden SIMS/SNMS Workstation

Dynamic SIMS

The Dynamic SIMS technique etches a sample using an ion gun whilst
monitoring the signal for a set of isotopes. The resulting profile represents a
measure for the composition of the sample as a function of depth, where raw
data takes the form of counts per acquisition cycle as a function of
acquisition cycle time. These raw data are calibrated using the tools on the
Dynamic SIMS dialog window to provide profiles in terms of atomic density
plotted against depth in nanometres.
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Quantification of SIMS data is complicated by virtue of measuring the
intensity of the secondary ions generated by the interaction of the primary
beam on the sample surface. The complexity results from the dependence of
the signal intensity on the bulk properties of the sample. That is, a change in
the material etched by the ion beam may alter the signal intensity for the
secondary ions regardless of the concentration of the element within the
surface. It is therefore important to identify the essential structure of a
sample, referred to as the matrix material, with the understanding that
should the matrix material change, both the signal intensity for mass peaks
may change as well as possible changes to the etch rate. SIMS analysis is
highly sensitive and ideal for the analysis of dopants, diffusion studies and
contamination. Quantification schemes for SIMS generally assume that the
impurity being measured is dilute (less than a few percent). Above this dilute
limit the probability of ionisation becomes dependent upon the impurity
concentration itself, as well as the chemistry of the matrix.

Notes on Dynamic SIMS RSF Calculation

Reference Signhal Measured during the Course of Profile

Dynamic SIMS relative sensitivity factors (RSFs) are the means by which
measured implant signals are scaled to permit meaningful comparisons of
profile data. During the course of a measurement, the signal may change for
a variety of reasons and as a result a common practise is to measure both the
implant signal and also the matrix signal. The matrix signal provides the
experimental context for the implant signal, therefore the calculation of an
RSF from a standard sample includes the matrix signal measured in counts
per second. Since an RSF is essentially a scale factor and the matrix
monitored during the course of the profile is a sequence of measurement,
the value included in the RSF calculation is determined from an average of
the matrix acquisition cycles.

An alternative to measuring the matrix signal at the same time as the implant
is to monitor the matrix signal following the profile completion. The structure
of the experiment changes slightly when the matrix signal is determined
following the implant measurement, and since the RSF calculation for both
scenarios are generalised by the reference signal estimation following the
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profile, the discussion of the RSF computation will be based on the more
general case.

Reference Signhal Measured at End of Acquisition Cycles

d

d

$ |

Consider a sample created from a matrix material A implanted with a
material B using a fluence ¢ atoms per cm®. If the resulting sample is profiled
using C data acquisition cycles followed by a matrix signal measurement,
where each acquisition cycle takes t seconds per cycle and the matrix signal is
measured for a further T seconds resulting in a crater of depth d cm, then the
RSF for equivalent samples can be determined as follows.
The reference signal measured during the period T corresponding to the etch
volume characterized by the depth d, is assumed to be representative of the
matrix signal throughout the profiled volume characterized by the depth d;.
Further, the sputter rate is determined from the total depth of the crater
equal to d;+d, divided by the total etch time. Hence d; = td / (t+T). The RSF
for the given experiment is:
RSF - g0|:—tCIA }i (1)
lg —1,,C | d,

where

1. I is the matrix signal in counts per second,

2. Igis the sum of the signal from the implant over the acquisition cycles

I :ZC:Ii in counts,
i=1

3. I;are the counts record for the implant in each cycle and

4. Ipgis the background counts for the implant signal.
The formula for the RSF in Equation (1) is defined in terms of parameters
determined from an experiment. There are assumptions within this formula
regarding the nature of the experiment, which become clear when the
parameters are rearranged as follows:
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_ 4
RSF =1, ) 12 = (2)
L lCi:l t .

The denominator in equation (2) is an approximation to the integral of the

background subtracted implant counts per second integrated over the depth
of the profiled volume. That is:

18 Ii_lbg Ndl(l(x)_lbg)

i=1 0

where the approximation in Equation (1) assumes a uniform step-size Ax =
d,/C for a rectangular integration scheme. If the step-size as a function of
depth changes during a calibration profile, the RSF calculated from Equation
(1) will be less representative of the measured uncalibrated implant dose.
Since the objective of calibrating an implant signal is to ensure that profiles
obtained from identical implantation conditions return identical areal
densities, or stated mathematically, integrals of the form in (3) for RSF scaled
intensities are all the same when calculated from profile data measured for
samples with identical implant dose, computation of the integral in Equation
(3) is preferable to the summation in the same Equation. Therefore, the RSF
calculation in version 2.3.15 of CasaXPS is now performed using:

RSF = 1| 3 ¢| (4)
I( ()=o) oo

t

0
Equation (4) better represents the nature of the dynamic SIMS RSF as a
scaling factor for adjusting implant intensities relative to a known fluence ¢.
The inclusion of the matrix signal I, in the RSF calculation is to allow the
implant intensity to be further normalised with respect to the matrix signal as
a means of removing instrumental variations possible during the course of a
profile, or in the case of the reference signal at the end of the profile,
between different profile measurements.

Quantification of Dynamic SIMS Profiles

The options on the Calibration property page of the Dynamic SIMS dialog
window are designed to permit the analysis of samples for which the matrix
material changes in the course of the experiment. Although multilayer
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materials are analysed using dynamic SIMS, the typical sample consists of a
single matrix and one or two impurities appearing in dilute quantities
compared to the matrix. For this reason, the first perspective of the
Calibration property page will be that of these more common and simple
samples.

Most data systems used to acquire dynamic SIMS profiles provide a means of
exporting the data in an ASCIl format. These data files must be converted to
VAMAS format by CasaXPS using a very specific structure within the I1SO
14976 definition. The experimental context for the dynamic SIMS profiles is
collected into a VAMAS file by CasaXPS and presented as a set of VAMAS
blocks. Each VAMAS block within a file manages the quantification
information in a set of corresponding variables (as specified by the ISO
format). The Calibration property page on the Dynamic SIMS dialog window
displays these corresponding variables in a table.

Display VB Index

CopaXPS Licenuad sa:d) CASK - [xfingsn_nS5c.dp,_ mch viss]
Fe e fiden R Seet bR

00 ] P | | 5 |0 ) v ] ]| ] ) BT

OO | B[] | ) 4| ] | BB 52| G| || ]

B || ] ] | e e ] || E|E|E] o] BT k] SE|oR)alm) S|
FFETS

e
o

\-.*

’ '“ W
TP il

[l = LU -
i

Data file supported by CasaXPS include:
1. Hiden Analytical Limited
2. Two formats for Cameca IMS instruments.
3. RBD Instruments Inc. PHI-upgrade system.

To convert a native ASCII format to VAMAS format suitable for quantification
in CasaXPS, convert the data using the Convert option on the File menu or

the Convert toolbar option:| ﬁ"m|.
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Quantification of Basic Profiles

An example based on Cameca IMS-6f old ASCII format.

Converting Cameca Depth Profiles

Depth profile data from Cameca IMS-6f SIMS instruments can be exported via
ASCIl formatted files. These files, when written to disk, are assigned a file
extension of .dp_ascii and, if exported from the raw data, include
experimental parameters plus two columns of X/Y pairs representing the
etch-time per cycle and the secondary ion intensity in counts per second.

[® siinGaN_N55C.dp_ascii - Notepad M=3
File Edit Format View Help
DIOS ¥ - 0% ~
SII X 0%
SII ¥ : 0%
Mzss resc : 1000
Contrast Aperture : 400
Field Aperture : 750
Znelysis chamber press. : 0 mbar
3- DETECTCR PARRMETERS
EM Yield : 100.0 %
EM Dezd Time : 25 ns
EM BackGround : 0.00E+00 ofs
FC BackGround : Z2_.00E+05 cfs3
EM-*FC Threshold : B.00E+05 cofs3
FC->EM Threshold : 1.00E+08 ofs
ELEMENT ZB5i
363 points
[=] [eia]
1.Z23e461E+00 3.8T748Z1E+05
3_BBS3B3E+00 Z_507T7T03E+04
&_48Z305E+00 Z_Z3BZ4ZE+04 7

CasaXPS will convert these .dp_ascii files only when the raw data is exported.
Conversion is performed using the Convert option on the File menu or via the
toolbar button. A File dialog window is invoked by these options, in which the
.dp_ascii file containing the raw data is selected and the Open button
pressed.

Convert to YAMAS file
Look i | £ 5IMS | | s -

E_]MginGaN_PQ?.xls siingan_nS5c.dp_ascii.vms
| %] MginGal_Ps7C. dp_asci

mginganjg?c.dp_ascii.vms

\1_‘.] profile_refenrence (2).jpg

B SiinGal_Mss, s

SiinGak_MSSC, dp_ascii

File narne: |Siinl3 aM_MBAC. dp_ascil
Files of type: | &l Files %) | Cancel
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A new VAMAS file will be written to the same directory containing the
original ASCII data after which the profile appears in a new experiment frame

in CasaXPsS.

CasaXPS Licensed to:A1 CASA
File Wiew Window Options Select Help

0| o5 | 5 | ] o o | | B | | | e 7 [ e[| | | |2 @

02| 2& @ bl 2)alo|saly| &

k1| oo
E|Er

I = W o [ T e S P R R S R A

EY CasaXP1

=2 siingan_n55c. dp_ascii.vms

T
100

When more than one profile is of interest, the data can be combined into a
single experiment frame via the Convert and Merge option on the File menu.

N
150

Convert to VAMAS file

L B e i e o
200 250 300 350

Chcles

Look in: | (3 SIMS |

=~ B ef &

L]

B MainGaM_pa7.xls

MginGark_P27C.dp_ascii
mginganj??c.dp_ascii.vms
@ profile_refenrence {2).jpg
B SinGam_MSS, xls

SiinGakl_MSSC.dp_ascii

siingan_nS5c,dp_ascii,vms

File name:

Files of type: |41 Files [*7)

I"SiinG ah_M55C.dp_asci” "MainGah_P37C.dp

Open |
;I Cancel |a

Again a File dialog window appears, in which each .dp_ascii file within the
current directory can be selected using the mouse and the Control Key; on
pressing the Open button on the dialog window the entire set of selected
dp_ascii files are converted to VAMAS files and the resulting files loaded into

a single experiment frame.
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CasaXPS Licensed to:A1 CASA - [CasaXP2]
[5 File View window Options Select Help NER"

Sample Identifier | Mg... | Ga... | 5126 | Gasd |
mgingan_pa7c.d. .
siingan_nS5c.dp...

5,[@03

4 P51

)

el 33Cs

Counts

T ey
300 00 s 1w S0 100 1M 00 B0 W 3
Cyles Cyeles

The directory containing the original dp_ascii files will also contain
corresponding VAMAS files. Since the conversion process involves writing
new VAMAS files, it is important that the directory containing the data must
have write permission and there is sufficient space on the disk to receive the
new VAMAS file.

Quantification Information

After conversion to VAMAS format, both the timing information and the
intensity units are adjusted to those used internally by CasaXPS. Most
notably, the intensity unit in the .dp_ascii file is counts per second, however
the intensity in the VAMAS file will be measured in counts per cycle and the
abscissa becomes cycle index. All the associated timing information is also
save with these abscissa and ordinates so that the calibration to depth and
atomic density can be computed later.

Mass channels used to measure the secondary ion intensity are labelled
within the .dp_ascii file using the nominal mass and the element name
abbreviation. When entered into the VAMAS file, the block identifier is
assigned the original string used to label the mass channel, however CasaXPS
attempts to extract the nominal mass and the element abbreviation for use
in the element and transition fields used by the VAMAS format. The
concatenation of these element and transition fields provides the
information used to align the VAMAS blocks within the experiment frame and
is also used to determine the isotopic abundance ratio, which in turn is used
to determine elemental from isotopic relative sensitivity factors. If the
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element/transition fields for a profile are not correctly assigned, should the
user request elemental sensitivity factors an error message will result. In the
event that the element and transition fields do not contain the element and
isotopic information required to determine the relative abundance for an
isotope, then these fields must be edited to reflect the true isotope used to
measure the profile. To edit these fields:

1. Select the VAMAS block(s) in the right-hand pane of the experiment
frame.

2. Press theﬁ toolbar button and, on the resulting dialog window, enter
the correct element abbreviation and nominal mass for the isotope of those
VAMAS blocks in the selection.

When the information on the dialog window is accepted, the VAMAS blocks
in the right-hand pane of the experiment frame are re-organised to reflect
the new assignment.

One way to check the possible values for the element/transition entries is to
use the Exact Mass Calculator property page on the Element Library dialog

window.
M Element Library
Element T able l Periodic T able l Input File  Exact Mass l

Mamme | Mazs Time Bin | Rel.:

5i28 27.9764 -1 1

4 *

|5i28

Add Formula | [ Define Time 3P Caib | Calib Can |
Delete Entry | Clear Markers | Find Peaks ‘
Delete Al [~ Zoom [ Create M
Create Peaks

Load ... | Save ... ‘ Mowve to Lib ... | ExM T |

Enter a string such as “Si28” into the text-edit field on the Exact Mass
property page and press return or the Add Formula button. If a valid isotope
string has been entered, then the string will be entered into the scrolled list
above the text-field. Otherwise, an error dialog indicated an error occurred. If
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elemental RSF values are desired, it is important the string above the VAMAS
block in the experiment frame is accepted by the exact mass calculator;
acceptance of a string indicates the database includes the information
necessary for the conversion of the RSF.

Calculating Relative Sensitivity Factors for Simple SIMS Measurements
Quantification of dynamic SIMS profiles is based on determining absolute
scaling factors, which when applied to the profile data convert the raw signal
into atom density measured in atoms per cm®. Determination of these RSFs
requires the measurement of a profile from a material of known
composition. For dynamic SIMS, known composition means knowledge of the
matrix material and the impurity implant dose used to prepare the standard.
The example used to illustrate the process for calculating an RSF is gallium
implanted with silicon (dose = 2e14 atoms per cm?, crater depth = 1776.4
nm). The profile measured on a Cameca IMS-6f includes the isotopes Ga 69
and Si 28.

CasaXPS Licensed to:A1 CASA - [siingan_n55c.dp_ascii.vms]
File Wiew ‘Window Options  Select  Help _ 8 x

0| ] | | | i | | | | | | | O o] 7 2] =5 B | SI[2]
O|S| 2| (8| 01e|><] 2|a|o|n|A|v| |2 |@] @m|mm] 6| il

ST Y e e A = R = L A A A A KA A RS A L Sl A S A AR =253 =3!
— Hone 5i 25 | Gaso |
0
- BER)
Calibration l SHMS RSF Ealculator] Frepare Profiles]
5 e
Define Interface | Diefine b atrix | Ref. Signal_._| 2851 [0]
Define Surf/BG -
Matrix In... | Interface | RSF | Spuitter ... | CiA
bosi Doze [atoms/cm2): 2851 [0] 2851 [0] 1 1 2
1 2851 [0] 2851 [0] 1 1 2
4 e 1 1 N1 () 1 1
2851 [0] 2851 [0] 1 1 2
Drepth [nim]: 2851 [0] 2851 [0] 1 1 1
J 2851 [0] 2851 [0] 1 1 1
e T N1 () 1 1
i 2851 [0] 2851 [0] 1 1 1
;] I Sublract BG 265if01 28501 1 1 188
= [ ElementalRSF 1% ?

I~ Use Ref. Signal Bulk Doped [stoms/cm3l 1. 0000e-+000

Compute RSF [ Use Bulk Doped Compute Sputter R ate
2 RSF: 1.0000e+000 Sputter Rate [cmdz): | |1.0000e+000

Apply RSF/SH toMatrix| Apply RSF/SH tolnterface| Festare RGF/SH |

Depth Profile Calibration

1 Calirate Depth Profle | [ Nomalse to Mati ieface Staistics
Calibrate All Profiles | ¥ Use Nano metres Prafile Statistics

— T T T [ T
i 50 100 150 200 250 300 350
Cyeles

The following steps lead to calibrated depth and intensity scales for the data
in the original .dp_ascii file.
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1. Convert the .dp_ascii file using the Convert option on the File
menu.

2. Display the 69Ga data in the active display tile

3. Left-click on the active tile to enable the toolbar buttons.

CasaXP5 Licensed to:A1 CASA - [sfingan_n55c, dp_ascii.vms] [=1E3]
[ED Fle ¥iew Window Options Select Help RS
D | o e e B | o | i 1 | 0 | | O3 o me| 7 || [ | B | |22

Gl@la@|E| .l 2alolalv| || =@ D] es|wt ] ol 2] 5

e I s e A R A R = e i B T

— Hone [ siza [Gaea]
(9Ga 1] [2esi [

Comnds
]
@
&

T T T T T T
50 100 150 200 250 200 350
Cyeles

4. Invoke the Dynamic SIMS Calibration dialog window by pressing the
Dynamic SIMS toolbar button E[

CasaXPS Licensed to:A1 CASA - [siingan_n55c. dp_ascii.vms] EEX
[ED Ele Yiew Window Options Select Help BEIES
0| | | | | | | | | 5 B 1 G G | 6 |2 | O] 7 | | ]| D] 6] S22
@] el 2|0t Alv] #|:|0] o] n]] Rl L) )

L|EE| oz |

- x|
| Calibration | SHMS RSF Caleulator | Frepare Profils |
| Define Inteface | Define Matix | Ref. Signal . | [E36a (1]
cfne Sui
| Define Surt/BG
Interface | A Spudter... | T
4 | Dessisomedenzk | 288I0]  2SSim 1 7 =
w2 1 i 3
| 1.00008+000 2 2 1 i 9
i 250 1 | 1
Depth (] =i 2si[0 1 1 1
I =l w2 1 i 1
| 1.00008+007 2 2 1 i 1
5 i 250 1 | 1
2 oo | o SR s s 1 1 18
o I~ Elemental RSF 1€ | L)
| I~ UseRef Signal  Buk Doped [stamséem3k [1.0000+000
| Compue FSF | [ UseBukDoped  Compute Sputtes iate
| RSF: 1.0000e+000 Sputter Rate [cm/s): | [1.0000e+000
| Applp RSF/SF ta Matis | Applp RSF/SR ta Inisface | Restore ASF/SA. |
]
| Depth Profils Caibration
|  Caltvate Degth Prfie | % Nomolsa s 7otece St
| Calirate A1l Profies [ UseManamelies  Piofls Statistios
T T T T T T T
30 100 150 200 230 300 330
Cycles

The top left-most text-field displays the Block Id for the data which is the
current focus of the Dynamic SIMS dialog window.
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M Dynamic SIMS EEX
Calibration } SNMS ASF Caleulator | Prepare Profies |

Define Interface ‘ Define Matix | Ref. Signal |

Define Surt/BG

Matrix In... | Interface
2851 [0] 2851 [0]

2851 (0] 285i (0]

Dose (atomsfcmz):

R

i

1

T.0000+000 S om0
s asin 1

Depthlomk | |28mi]  zssig) 1
[-| B 0 s 1

T-0000e+007 s oesin 1
¥ Subtract B ErdC I

265001 28501
I~ Elemertal iSF 1€

I UseRef Signal ~ Bulk Doped (stoms/cm3): [1.0000s+000

Compute RSF I™ UseBuk Doped  Compute Sputter Rats | ..
R | [1.0000e+000 Sputter Pate (cr/s): | [1.0000=+000

Apply RSF/SA to Mati | Apply RSF/SF to Inteiface | Restors ASF/SR |

Depth Profile Calibration

Calibrate Depth Prafile ¥ Nomalise to Matriy _1ierface Statistics
Calibrate All Profiles [ UseMNanometies  Profile Statistics

5. Press the Define Matrix button.

Provided no cycles are selected in the scrolled list below the Define Matrix
button, a dialog window indicates that no selection is active and asks
whether all cycles should be updated for the profile in the active tile.
6. Press the Yes button and observe that the Matrix Index column of
the scrolled list is updated with the string 69Ga.

B Dynamic SIMS SIS

Calibration l SMHMS RSF Calculatar ] Prepare Profiles ]

Define Interface | Define M atrix | Ref. Signal ... | E9Ga [1]
Define Suf/BG
Matriz ... | Intertace ‘ RSF | Sputter ... |

Com
Dose [atoms/cma): E9Ga[l] 285i[0] 1 1 3
E3Ga[1] 2850 1 1 3
1.0000e+000 B3Ga[l]  285i[0] 1 1 g
E3Ga[l]  28si] 1 1 1
Depthirm} | |69Ga[1]  28%i[] 1 1 1
BaGa[l]  28Si[] 1 1 1
1.0000e+007 B3Ga[l]  285i[0] 1 1 1
BaGa[l]  28Si[] 1 1 1
IV Subact BG BGalll  2aSiOl 1 1 1 88
I ElementalRSF 1€ 2

[~ Use Ref. Signal Bulk Doped [stams/cm3l [1.0000e+000

Compute RSF [ Use Bulk Doped Compute Sputter Rate
RSF: 1.0000e+000 Sputter Rate [cm/ds): | |1.0000e+000

Apply RSF/SR toMatrix| Apply RSF/SR tolnterface| Restore RSF/SA |

Depth Prafile Calibration

Calibrate Depth Profile | ¥ Momalise to Matrix  Nterface Statistics
Calibrate All Profiles | [V Use Mano metres Profile Statistics

If a cycle selection has been made within the scrolled list, then all cycles must

be selected before pressing the Define Matrix button is pressed.

The second column in the scrolled list is labelled Interface. For this particular

profile, the same matrix is present throughout the etch cycles and therefore

the use of the Interface column is unnecessary. If the material were a

multilayer sample, where RSF and sputter-rates varied between layers, then
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the Interface column would need to be populated with strings corresponding
to the different materials characterising the layer structure. Once the layers
are established, the Interface definition allows the assignment of RSF and
sputter-rates to the individual layers.
7. Double-click on the 28Si VAMAS block so that the silicon profile is
displayed in the Active Tile.

CasaXPS Licensed to:A1 CASA - [siingan_n55c. dp_ascii.vms] EE®
[ Fle Yiew Window Options Select Help _ 8 x
D | 2 e B i B | | | Bt 6 [0 | OO ome | £ || ||| B 5| @[] 2]

£l BE-
¥ s

i lo<] |5 o]z Aly] 1 |F

E| ||| 60

] gl e Bl || il

| P ol o Tl A P R P e R e WA R e B A e S A R e A A ===
Mone
a

o x|

| Calibration } SMMS ASF Cal:u\ator} Prepare Profi\es]
3
K I Define Interface ‘ Define b atrix | Ret. Signal_.‘ 285 [0]
| Diefine Surf/BG
Matiix In__ | Inteiface | RSF [ sputter... [Ci~
| Dose (stoms/em2} | E9Ga[l]  285i[0] 1 1 1
basi B9Gall] 250 1 1 1
. | 7.0000e+000 BaGa[l] 2850 1 1 2
1 BaGall] 250 1 1 2
| Diepith [ BGa[l] 2050 1 1 2
BaGall]  2o5if] 1 1 1
| 7.0000e+D07 BaGall]  2o5if 1 1 1
5 B9Gall] 2550 1 1 1
g | B Snfetet G B3Galll 285001 1 1 L
BN [ ElementalAsF 1% | »
| [~ UseRef Signal  Bulk Doped (atomséem3):  [1.00002+000
| Compute ASF I™ Use Bulk Doped Compute Sputter Aate
| RSF: 1.0000e+000 Sputter Rate [em/s): | |1.0000e+000
2
\ Aoy RSF/SR toMairs | ApplyASF/SR o Interlace | RestoeASF/SR |
| Depth Profile Caibration
Calibrate Depth Profile [V Normalise to Maiy Intertace Statistics
. ‘ Calibrate: All Profiles ¥ UseNano mees Profile Statistics
T T T T T T T
i 50 100 150 200 250 200 50
Cyeles

8. Press the Define Surf/BG button.
Two regions are created on the 28Si profile and these mark the surface limit
and the background to the secondary ion signal.

CasaXP$ Licensed to:A1 CASA - [siingan_n55c. dp_ascii.vms] [ [=1(E3]
Fle Yiew Window Options Select Help -8 x
D || o8| o e | o | B | | | 2 | OB Go[am o] 4 [ mi|i| | BB | @i 2]

== 1L o] P N N N 3 s = = e I e

o | W R e e W A R T S i = A A e S A o I P A R A A ===
Hone [
- AEE)|

o

| Calioation | SHMS RSF Caleulator | Prepare Profies |
& | Define Interface ‘ Define Matrix ‘ Fief. Signal | 2851 [0]
| Define Su/BG
Matixln__ | Intsface | RSF [ sputter... [~
| Dose (atome/omz) | 696a(1]  285i[0] 1 1 [
Bosi BGall] 285 1 1 1
N | 1.0000=+000 BGall] 285 1 1 2
E BGall] 285 1 1 2
Depth ) BGall] oS 1 1 B
| L=l BMGa[l] 205 1 1 T
| 1 0000+007 BaGall]  2osim 1 1 1
5 B[] 205 1 1 1
g | b Sublract BG BIGall 285 1 1 2
©5 [~ ElementalRsF 1€ | »
| [~ Use Ref. Signal Eulk Doped [atoms/em3]:  [1 000De+000
| Compute RSF I~ UseBukDoped  Compule Sputter ate
| RSk | [1.0000+000 Spuite Pt (emésl | [1.0000s+000
2]
| é Pl RSF/SA to Matrix ‘ APl RSF/SA to Interface ‘ Festore RSF/SRA ‘
| ir; Depth Frofile Calibration
Calbuate Depth Profle | R Nommalie to Matiy _IMertase Statistics|
. | Coalibrates 4l Profiess [ Use Manometies Pl Statstics
1 T T T T T T T
0 0 m 150 a0 asn1 300 50
Cypeles
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Adjustments to these regions are performed using the Quantification
Parameters dialog window.
9. On the Calibration property page, enter the crater depth value
measured for the standard (crater depth = 1776.4 nm)

B Dynamic SIMS =13
Calibration } SNMS RSF Calculator | Prepars Profiles |

Define Interface | Define Matrix | Ref. Signal ‘ 2851 [0]
Dicfine Su/BR
Matiix In__ | Intettace | RSF | sputtsr |
1

Cl
Duse [atams/emZ, | B9Ga[1]  266i[0] 7 7
B9Ga] 2 1 1 1
1 BGa] 28] 1 1 2
BGa] 280 1 1 2
Depthinml || |B9Gs[]  #8Sim 1 1 2
B9Ga] 2 1 1 1
1. 7764e003 BGa] 28] 1 1 1
[ 1 1

b Sublract BG BIGalll  28SiI 1 i 2
I EementalRSF 1€ E)

I~ UseRef. Signal  Bulk Doped (atoms/em3): 1. 0000e+000

Compute RSF I” UseBukDoped  Compute Sputter Rate -
RSF: | |1 Sputter Rate [emds): | 1]

&pply FISF/SFito Matix | Apoly RSF/SR ta Inteflace | Restore ASFAR |

Depth Prafile Calibration

Calibrate Depth Profile v Nomalise to Matrix nierface Statisties
Calibnste: 41| Profiles [ UseManometies  Profile Statistics

10.Press the Compute Sputter Rate button.

M Dynamic SIMS OEE
Calibration } SNMS RSF Calculstor | Prepare Profiles |

Define Interface ‘ Define Matrix ‘ Fief. Signal ‘ 2851 0]
Define Sul/8G

Mt In_| Intettace | FSE T
Dose (stoms/em2) | 69Gall]  285i(0] 1 1 1
B3Ea(1]  28Si0]  1 1 1
1.0000e+000 B9Ea(1]  28Si] 1 1 2
B9Rall]  28Si[] 1 1 2
Dephiom) | |86alt] 2mil] 1 1 2
E%all] [ 1 1 1
1 7764e+003 B3Ea(1]  28Si0]  1 1 1
B9Ea(1]  28Si] 1 1 1

b Sublract BG G9GaM]  28Si0I 1 1 2
>

I Elemental RSF
[~ Use Rt Signal  Buk Doped [stoms/om3)

Compute RSF I~ Use Bulk Doped
RSF: | |1.0000e+000 Sputter Rate cr/s) [|[1.8873=-007

Apply ASF/SA to Matrix ‘ Apply RSF/SA to Interface ‘ Festore RSF/SA ‘

Depth Profile: Calibration

Calibrate Depth Profile W Momalise to Matiy _erface Stalistics
Caltrate &1 Frofies ¥ UseNanomees  Profle Statistics

11.0n the Calibration property page, enter the dose value known for
the standard (dose = 2e14 atoms per cm®)

B Dynamic S5IMS @lﬁ El

Calibration ] SNMS RSF Calculator | Prepare Profiles |

Define Interface | Define Matrix ‘ Fief. Signal ‘ 285 [1]
Define Surt/BG
Matiix In_| Interface

| sk | Sputter . | CA
Doss (stome/onZE | | 69Gall]  288i[0] 1 1 1
g3Gafl]  2ssil] 1 1 1
2e14 B3Ga[l]  285i[0] 1 1 2
B3Gal]  285i[0] 1 1 2
Depthlmk . | [B3Gall] 280 1 2
B3Ga[l] 28si0] 1 1 1
1.77E4e003 g3Gafl]  2ssiD  1 1 1
g3Gafl]  2ssiD  1 1 1

¥ Subtract BG B9Galll  Z8sil0l 1 1 268
[~ ElementalRSF 1< >

I Use Ref. Signal Bulk Daped [ators/om3k  [1.0000e+000

Compute RSF I~ UseBuk Doped  Compute Spuiter Rate
RSF: 1.0000e+000 Sputter Rate [cmds): | [1.8873e-007

Apply ASF/SA to Matis ‘ Apply ASF/SA to Interface ‘ Festore ASF/SA |

Depth Profile Calibration

Calibrate Depth Profile ¥ Mormalise to Matix _ierace Statistics
Calibrate All Profiles ¥ UseNanomehes  Profile Statistics
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12.Press the buttons labelled Compute RSF

M Dynamic SIS =13

Calibration 1 SMMS RSF Calcu\alur} Prepare F‘loh\as}

Define Interface | Define Matix | Fef. Signel . | [2851 1]

Define Suf/BG
MatixIn_ | Inteface | RSF | Sputter [ Cim
Doase [stoms/cmz). B3Ga[1] 2851 (0] 1 1 1
BIGall]  28Si[0] 1 1 1
2.0000e+014 B3Gall]  28Si[0] 1 i 2
BIGall]  28Si[0] 1 1 2
Dephloml | |63Gal] S0 1 i 2
BIGall]  28Si[0] 1 1 1
1776484003 BaGall]  28Si[0] 1 i 1
B9Gall]  28Si[0] 1 1 1
¥ Subliact BG BGalll  28Sif0l 1 i kL
I~ Elmental RSF 1% L)

[~ Use Ref Signal Bulk Doped [atorms/cmd): (1 0000e+000
- I" UseBuk Doped  Compute Sputter Rate
AsF: ||[1.1236e020 Sputter Rate [om/s): | [1.8873e-007

Aoph RSF/SR 1o Matix | Appy RSF/SF: olrierface | Restore RSF/SR |

Depth Profile Calibration

Calibrate: Depth Profils [V Momalise to Matry _nieiface Statistics
Calibrate A1l Frofiles ¥ UseMNanometes  Frofile Staistios

13.Select one cycle in the scrolled list on the Dynamic SIMS dialog

window and press the Apply RSF/SR to Matrix button.

Calibration ] SNMS RSF Calculator | Prepare Profles |

Define Interface ‘ Define Matrix | Ref. Slgnal_._| 2851 [0]
Define Sul/BG
Matrix In__| Interface | RSF

| sputter_[C~
Diosze (atams/om2): E3Ga[1] 2851[0] 1 1 1
aesif] 1 1 1
[zoo0oeo1d Zesim 1 1 2
esi] 1 1 2
Depthinml . | |€9Ga[1] 28sip] 1 | 2
[] B3Gall]  285i[0] 1 1 1
1.77542+003 B9Ga(1] 28] 1 1
B3Ga(l]  28Si[0] 1 | 1

I Subbiact BG 69GaMl 28501 1 1 28
I~ ElementslRSF 1% %

I~ UseRef Signal Bulk Doped (stams/cmalk: ,W
Compute RSF I™ Use Bulk Doped Compute Sputter Rate J
RsF | [11236e+020  Sputter Rate fomes) [1ee73a007
Apply FSF/SA o Malis || Apoky ASF/SR to nterface | Restore ASF/SR_|

Depth Profile Calibration

Calibrate Depth Profile [ Momalise to Mty | erface Statistics
Calibrate All Profiles v LUze Nano metres Profile Statistics

The values from the two text-fields for the RSF and the sputter-rate will be
entered into the corresponding fields in the scrolled-list for each cycle for
which the matrix index is identical to the one previously selected.

M Dynamic SIMS (&=

Calibration | SNMS RSF Caloulator | Prspare Profiles |

Dsfine Inisiface | Define Matis | Rl Sional | [285i 0]
Define Surt/BE
Matrix In... | Interface | | RSF Sputter ...

Dase [atoms/em2): ESGa[1]  285i[0] 1123e.. 1.8873e.

B3Ga[f]  26Si[0] | 11236s. 18873

2.0000e+014 EdGa[l]  285i[0] 11236e.. 18873

I

1

1

1

ESGa[1]  285i[0] 11236e.. 1.8873. |9

Depth rim): J B3Ga[1]  285i[0] 11236e.. 1.8873. 6
B3Ga[1]  285i[0] 1123ke.. 18873e 4

4
4
4

1.776424002 B9Ga[l]  28Si[0] | 1.12%e.. 1.8873.
63Ga[l] 265i[0] | 1.12%e.. 1.8873e.

¥ Subiract BG 63Galll  285if00 | 11236e.. 18673
<

I Elemental RSF
I UseRef. Signal  Bulk Doped [atoms/om3]: [ 00one+000
Compute RSF I” UseBukDoped  Compute Sputter Rate

RSF: 1.1236e+020 Sputter Rate (cm/s): |11.8873e-007

Aoply RSF/SR to Itertace | Restore RSF/SA |

v

Depth Profile: Calibration

Calibrate Depth Profile ¥ Momalise to Mati nterface Statistics
Calirate &l Profiles [7 Lise Nanometss  Profile Staistics
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14.Press the button labelled Calibrate Depth Profile.

The RSF and sputter-rate entered into the 28Si table are used to compute the
atomic density and the depth; the computed profiles are entered into a new
experiment frame.

CasaXPS Licensed to:A1 CASA

Il Dynamic 5IMS

Calibraticn | SHMS RSF Calculatorl Prepare F'rofilesl

Define Interface I Define b atrix | Ref. Signal ... ||288i[D]

Define Swi/BG | -
b atrix ... | Interface | R5F | Sputter .. | Cs
Dioge [atoms/cma]: E9Ga[1] 2851 [0] 11236e.. 1.8873 . 1—
B3Ga[l]  285i[0]  1.1236e. 1.8973%. 1
|2.DEIEIEle+D1 4 E9Ga[l]  28Si[0] 11236e.. 1.8873. 1
B3Ga[l]  285i[0]  1.123Be. 18873%. 9
Depth [nm]: _| B3Ga[l]  285i[0]  1.123Be.. 18873. 6
B3Ga[l]  285i[0]  1.123Be. 18873. 4
|1.??S4e+003 E9Ga[l]  28Si[0] 11236e.. 1.8873. 4
E3Ga[l]  285i[0]  1.123e. 10873%. 4
W Subtract BG E3Gal]  285iM01  1.12%e. 1.8973e. 4%
I EementalRsF 1€ | 2>

I~ Use Ref. Signal Bulk Doped [atoms/cm3]: (1. 00002+000

Compute RSF ™" Use Bulk Doped Compute Sputter Fate | I
| I'I 1236e+020 Sputter Rate [cm.s): ||1 8873007

Apply RSF/SR ta Interface | Restore ASF/SA |

Depth Profile Calibration

| Calibrate D'epth Prafile " ™ Momalise to Matrix Merface Statisticsl
Calibrate All Profiles | v Lse Mano metes Profile Statistics |
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The new experiment frame contains a VAMAS block for each VAMAS block in
the original file. Within these new VAMAS blocks, several corresponding
variables are defined which are assigned values for the intensity in counts per
second plus the RSF and sputter-rate used to calibrate the profile. These
values can be viewed using the Crtl PageUp/Crtl PageDown mechanism for
stepping through the corresponding variables in a VAMAS block.

NB: To compute the elemental RSF from an isotope profile, the tick-box
labelled Elemental RSF must be ticked and the element/transition field for
the VAMAS block in use must be set appropriately.

Making Adjustments to the Sputter Rate

A depth profile prepared for calibration must have an RSF and sputter rate
defined for each matrix within the analysis volume. If at a later time it is
desired to alter the RSF or sputter rate for a given matrix, the following
sequence of steps should be used:
1. Select a cycle from the scrolled-list to identify the matrix for which
the RSF or sputter-rate requires adjusting.

2. Press the pushbutton labelled Restore RSF/SR.

Calibration l SHMS RSF Calculalur] Prepare Profiles ]

Define Interface | Define Matrix | Ref Signal | 285i[0]
Define Suf/BG -
Matrix .. | Interface | RSF | Sputter ... | Ca

Dose [atomsfemz]: E9Ga[1] 285i[0] 1.123Be.. 18873 1
Loc, [1] ‘)QQ'[H] 11200 10072 1
[2.0000e+014 285i[0] 1173 18873 |1
5 et (1) IS S W = ic
Depthirml | |69Ga[l]  285i[0]  1123e. 18873. B
63Ga[l]  205i[0]  11236e. 18073 4
1.77642+003 EaGa[l]  285i[0]  1123Be. 18973 4
69Ga[l]  285i[0]  1123Be. 18873 4
I Subliact BG E9Gal]  285(00  1123Be.. 1887%. 4%
I~ Elemental RSF € b4

I~ Use Ref. Signal Bulk Doped [atorms/cm3l 1. 0000e+000

Compute RSF [™ Use Bulk Doped Compute Sputter Rate .
RSF: 1.1236=+020 Sputter Rate [cmds): | [1.8873e-007

Apply BSFASR to Matrix | Apply RSF/SA to Interface Restore RSF/SR |

Depth Profile Calibration

Calbrate Depth Profile ¥ Mormalizs to Moy Mieface Statistics
Calibrate ANl Profiles V¥ lze Mano metres Prifile Statistics

The values for the matrix identified by the chosen cycle are entered into the
corresponding text-fields for the RSF and Sputter Rate on the dialog window.
3. Either the RSF, the sputter rate or both the RSF and the sputter rate
can be recalculated before again pressing the Apply RSF/SR to
Matrix button. The matrix defined by the selected cycle will be
updated with the modified values.
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Display of Calibrated Profiles

The labels for identifying the x and y axes in a display tile are determined
from the first VAMAS block with respect to the order of selection in the right-
hand pane of the experiment frame at the time the VAMAS blocks are
overlaid in the display tile. If a row of VAMAS blocks are selected by clicking
on the experimental-variable value for the row, then the left-most VAMAS
block will determine the axes labels. Matrix signals are typically not
calibrated and in the event the first VAMAS block contains the matrix signal,

the profile would appear with the y-axis displaying an arbitrary scale.
69Ga

-

21 Jp9Ga
20 |

12 2851

Arbitrary Tnits

18

17

I4E|]0 o 8[%0I I Il2|00I I I16|(JL'JI
Depth{nm}
When calibration is performed, only those profiles for which quantification
information is supplied are converted to atom density. Profiles with an RSF of
unity are scaled to ensure the profiles appear within the range for the
calibrated profiles; hence the y-axis label is assigned the string “Arbitrary
Units”. To display an overlay of the profiles where the Y axis is labelled with
respect to a calibrated profile, namely “Atomic Density”, it is necessary that a
calibrated VAMAS block is selected first. To select VAMAS block in an
arbitrary order, left-click the first VAMAS block, then hold the Control Key

down and left click the other blocks required for the display. The traces are

displayed in the active tile by pressing the overlay toolbar button @and are
ordered with respect to the selection sequence.
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2851
[\ 69Ga
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Depthirm)

The VAMAS block for the impurity 28Si is selected before the matrix 69Ga.

Further Aspects of Dynamic SIMS Quantification

Logical Structure of a SIMS Depth Profile within CasaXPS

A depth profile is a collection of VAMAS block all assigned to the same
experimental variable value; typically the experimental variable will be an
index number for a given file of data. There may be more than one profile per
VAMAS file, where each profile will occupy a row as viewed via the right hand
pane of the experiment frame.

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

[53 File View Window Options Select Help &%
0| | | | o P i | o | B | |t | 2 8| | e || bl 5] BB | Sl 2

w1 I e N S EA R N PN AN A sl = e =l A T R ]

RRSF102: 650C, 10min 17150 nm Dose 2el4 RRSF103: 650C, 10min 17164 nm Dose Zel4 1

[ Si 3 2]

!
TR

0 100 200 300 400 500 0 100 200 300 400 500
Cycles Cycles
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For each VAMAS block within a raw depth profile, a number of corresponding
variables are setup to offer fields for use in the quantification step. The
important fields for quantification are displayed in the Matrix Index table on
the Calibration property page of the Dynamic SIMS dialog window.

M Dynamic SIMS E|§|@

Calibration l SMMS RSF Ealculator] Prepare Profiles]

Define nterface Define b atris | Ref. Signal ... | FSif[2]

b atriz In... | Interface | RSF | Sputter ... | CiA
Dose (atons/cm2): Si[3] FSi[0) 20675e.. 1.4305e.. 1
5i[3] F5i [0] 2067%.. 1.430%. &
2.0000e+014 Si[3] FSi[0] 2067%:.. 1.430%. 9
5i[3] FSi[0] 2067%.. 1.4308e. 1
Depth [nm]: J 5i[3] F5i [0] 2067%.. 1.4305.. 1
5i[3] F5i [0] 2067%.. 14308 1
1.7150e+003 5i[3] F5i [0] 20675 1.430%. 2
5i[3] F5i [0] 2067%.. 1.430%. 2
W Sublract BG 5iM31 FSilll 20575 1.430%.. 2%
[ Elemental RsF £ )

[~ Use Ref. Signal Bulk Doped (atoms/cm3): [1.0000e+000

Compute RSF [ Us=Bulk Doped Compute Sputter Fate
RSF: 2.2963e+021 Sputter Rate [cm/z]: | |1.3972e-007

ApplyF!SFs’SFHoMatrixl App|yH5Fxsmo|nterrace| Restore RSF/SR |

Depth Profile Calibration

Cabiate DepthProfle | [ Namalise to Matis Inierface Stalisics
Calibrate All Profiles | W ze Mano metres Prafile Statistics

Methods for Computation of RSF and Sputter Rate Values

RSF values are computed from standard materials using one of three
approaches:

1. Matrix, dopant and crater depth.

2. Matrix, known bulk doped atomic density and crater depth.

3. Interface assignment with respect to depth and atomic density.
The computation of the RSF requires the determination of values from the
Matrix signal and also the Implant. To support the determination of these
quantities the matrices within a profile must be identified and a pair of
regions defined to specify the surface zone as well as the appropriate
background signal for a given mass.

Identification of the Matrix and Interface Cycles

Defining the matrix for experiments involving a Single matrix material is
achieved as follows:
1. Display the matrix signal for each profile in the active display tile.
2. Press the Define Matrix button on the Calibration property page on
the Dynamic SIMS dialog window.

259



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

A pop-up window will inform you that no matrix index is selected and asks
whether the displayed matrix should be applied to all Cycles. Answer by
pressing the Yes button. To avoid the warning message, before pressing the
Define Matrix push button, first select all the table entries by pressing the
header button for the column labelled Matrix Index. If there are any rows
currently selected it will be necessary to de-select these rows before pressing
the header Matrix Index.

If the file contains more than one depth profile and the matrix for each
profile is overlaid in the active tile, then the operation of defining the matrix
for each depth profile is performed in one go.

Defining the matrix for Layered materials is achieved as follows:

A key point for SIMS is that the signal from a given mass peak depends on the
environment in which the isotope is found. As the crater bottom moves
through an interface between differing materials there is potential for both
the relative sensitivity and the etch rate to change during the course of the
acquisition. The example used to illustrate a layered material involves
profiling magnesium in gallium with an aluminium layer in the form of GaN :
AlGaN : GaN (Dr Shadi Shahedipour, University of Albany, New York).

I
120

Al g b b

0 30
Cyeles

The secondary ion yield for Mg differs between the GaN and the AlGaN
layers. Presentation of these types of samples requires a means of adjusting
the Mg RSF for acquisition cycles depending on the aluminium signal
strength.

The table on the Calibration property page provides two columns headed
Matrix Index and Interface. These columns specify the matrix material and
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also structures within the profile where the RSFs for a given isotope change
due the material environment rather than changes to the atomic density. The
procedures for defining the matrix and also a layer are identical except for
different buttons are used to make the assignment. For the current example,
the Ga, signal is most representative of the gallium matrix, while the Al signal
best defines the interface between the GaN and AlGaN layers. The matrix
signal Ga, is common to both layers therefore the Ga, profile can be defined
as the matrix throughout the profile:
1. Display the Ga, VAMAS block in the active tile.

CasaXPS Licensed to:A1 CASA - [fr5_011204.vms] EEx
[E8 Ele View Window Options Select Help BIEIES
0| | | | B | B | | B | | P 8 | oo 2 || ]| B | S| %)
= T Y T e R R e P EN PN N N A B R ST = = = o
o | vl || | bllisi] [l ie] Toflmselen| | B8 e 5% ml ol oblak| Lelonlun(wm) ElEs(E

[ Hone [eoca | al tg_|
[} 69Ga Mg
2
34 510 5 EE@]I
Calibration | SNMS RSF Caleuletar | Prepare Profies |
22 | Define Inteiace || Define Mati | Ret Sional . |[Ga2 2]
Define Suf/BG
MatixIn...| Intertace | RSF Spulter. &
Dose (stoms/em2} | B3Ga[]]  6SGalD] 1 1
695a(0] G3Gafl] 1 1
30 [foo00es0is ™ |egGa  E3Ga@ 1 1
E%all] E3a[] 1 1
D
we L) |= =

%08 T - = i

£ 2 Sl E3Galll  G3Gall 1 1 L
© I~ EementalRsF 1< 3

2 I UseRef Signal  Bulk Doped [atoms/om3]: 1 no00e+000

Compute ASF ™ UseBukDoped  Compute Sputter Aate 3
nsr | [B.2407e+020 Sputer Riate [cm/s}. | [3.6631 008 i

24 |x‘ App\yF(EF/ERtDInIEIIaEE‘ Restore RSF/SR \ ;

Intertace Statistics

[qa2
ofils Jv Normalise to Matris
22 Calibrate All Profiles [ Use Nano metres  Profile Statistics
— — T 1 T
0 30 60 ] 120
Cycles

v

2. Ensure the Matrix Index column of the table on the Calibration
property page is either all selected or none are selected before
pressing the Define Matrix button.

M Dynamic SIMS EE|E)

Calibration ] SHS RSF Ealculalnrl Prepare F'rnliles]

Define Interface | Define Matriz | Ref. Signal . | GaZ [2]
Define Surt/BG
Matri Ih.. | Interface | SF | Sputter ..

Doge (stoms/cmZ]: Ga2 [2] B9Ga 0]
Ga2 [2] 69064 [0]

1.0000+015 Ga2[2]  |E9Ga(0]

it
1
1
1
GaZ [2] B9Ga[l] 1
1
1
1
1
1

1

Drepth [nm]: » GaZ [2] B9Ga (0]
J GaZ [2] B9Ga (0]

4 7804e+002 Ga2[2]  |69Ga (D)

Ga2[2]  [58Gal0)]
I Subtract BG Ga2l21  |gaGalm

I Elemental RSF L& >
[~ Use Ref. Signal Bulk Doped [atoms/cm3]: (1. 0000e+000

Compute ASF [" UseBulk Doped Compute Sputter Rate
RSF: 8.2407e+020 Sputter Rate [cms): | |3.6631-008

Aok FSF/SF to Matix | Aocly RSF/SF o Inteface | Restore RSFAR |

Depth Profile Calibration

Calibrate Depth Profile [¥ Mormalise to Mty hterface Statistics
Calibrate All Profiles ¥ Use Nano metres Frofile Statistics
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All VAMAS blocks from the same row in the right-hand pane will now show
the same Ga2[2] matrix for each cycle throughout the profile.

At this point the Interface column is populated with the 69Ga[0] reference,
that is, the matrix and interface columns are initialised to the first VAMAS
block in the file. Only the matrix has so far been replaced by a reference to
the Ga2[2] VAMAS block. Since the depth profile includes two environments
from which the Mg signal is measured, to distinguish between these two
environments the cycles corresponding to the AlGaN layer must be identified.
The Al signal provides the means of specifying the appropriate set of cycles
for which AlGaN is significant compared to the GaN layers.

1. Display the signal for Al in the active display tile.

Calibration I SNMS REF Ea\culatol} Prepare F’lof\\es]

Define Interface | Define Matix | Ref. Signal Al
—

Define Surf/BG
Matriz In.| ‘ Interface ‘ RSF | Sputter.. A
Dose [atomsdomz): B9Gal 1 1
69Ga[0] 1 1
1.0000e+015 G3Ga(0] 1 1
gaGa[l] 1 1
Depth [nm): E9Ga[d 1 1
J 69Ga[0] 1 1
4.7804e+002 63Ga (0] 1 1
B3Ga [0] 1 1
I¥ Subtract BG BQG:}D{ 1 1 v
I~ Elemental RSF >

[~ UsePet. Signsl  Bulk Doped (atoms/em3): [1.0000e-+000

Compute RSF I" Use Bulk Doped Compute Sputter Rate
RSF | [B.2407e+020 Sputter Rate [em/s): | [2.6631e-008

Apply RSF/SR to Malis | Agply RSF/SR tolntettace | Riestors RSF/SA |
Depth Profie Callaration

Calibrate Depth Profile W Nomaliss to Matrix _Interface Statistics
Calibrate &l Profiles [ UssNanometies  Profie Stalistics

2. Either using the table or the mouse (see below), select ranges of cycles
within the Matrix Index column of the table on the Calibration property

page.

CasaXPS Licensed to:A1 CASA - [fr5_011204.vms] [ [=1[E3]
[E3 Eile Wiew Window Options Select Help BEES
D | o | | e | B | | | | @ OO || 2 o] ]| B ) SBR[
]l S e A S N PN 2 3 e = 1Y e 5 8 3
515 ] ) m o] olab| Le(shiu an bla(ke
Hone: [69Ga | &l | Gaz | Mg |
4 [ 6oca | M | Gaz | Mg
10
T 5 EEEI
20, | Calbration | SHMS RSF Calculstor | Prepare Profies |
|
12| | Define Intettzce | Define Matis | el Signal... | [&111]
I ! Define SutsBG | [—p
16 i} Sputter.. &
8 | ‘ Dose (atoms/em2) 7 i
1 1
| 1.0000s+015 1 1
14 | ‘ 1 1
Depthinml: 1 1
12 | Lol 1 1
o 1o | 1.78082+002 i 1
E ¥ Subtiact BG ] ]
& 10 ublract 4 H 3
1 -4 ] I ElementalRSF | 1€ 2
g | [ UseRelSignd  BukDopsdlaboms/end: [10m0eg00
] I Compute RSF I™ UseBuk Doped  Compute Spulter Rate J B
b i RoF: | [32407es020 Sputter Rate [emrs). | [2.6637=-008 i
4 | | by RSF/SF taMatitc | Aoy RSF/SA ta niface | RestarefisF/sR | [ |
I Depih Profils Calbration
|
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3. Press the Define Interface button. Only those cycles selected in the

table will be assigned the VAMAS block reference Al[1].

Fle Wiew Window Options Select Help
0] 2 | B i M| | B | | | || @ OB oo 7 | ]| ] 5| SB[ 2
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More [e9Ga | A [Gaz [ mg |
4 0 £9Ga Gaz | Mg
10
‘ - L =[]
20 Calibration | SHMS RSF Caleulater | Prepare Prafies |
|
18 | Define Interface || Define Mati | Ref sianal .. | [2111]
Define Su/BR
15 | Matix In. || Interface [|RSF [ Sputer.. ~
B Doss [atoms/om2t | Ga2[2] | Al [ [
Ga2[2] | A1 i 1
14 | 1.0000e+015 Ga2[ | Al 1 1
4 Ga22] | Al I 1
| Depth [nm): J Ga2[2]  EdGa@ 1 1
12 Ga2l2]  63Gald] 1 |
= | 4 780de-+002 Ga2[2]  69Ga[D] 1 1
=l Ga2[2]  G9Ga[D] 1 1
2 10 | I~ Subiract BG Ga2f2l  GGalll 1 1 L
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3
7 ‘ RF: | 20724020 Spulter Rate (em/s) |[3.66312:008 :
4 | ‘ Apply RSF/SA o Matric | Apply RSF/SF tolnterface | Festore RSF/SA | ;
I Deepth Prafi: Callration 3
2 | Calbrate Depth Profile [ Mormaliss to Mayi tertace Statistics r
a1 | Calibrate &1l Profiles ¥ UseManometss  Profile Statistios ;
. e "
0 20 80 90 120 L
Cycles

Selecting Ranges of Cycles on the Calibration Property Page

Selecting rows within the Matrix Index table is achieved using the table
together with the Shift and Control Keys. Alternatively, the selection can be
defined using the active tile and the mouse. When the Shift Key is held down
and the left mouse button is used to drag over the display, the set of cycles
corresponding to those lying between the vertical cursors will be selected in

the Matrix Index table.
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The use of the cursor and Shift key aids the identification of layered
structures viewed via a profile signal. Once a set of layers are so indicated,
the assignment is made by pressing the Define Matrix or Define Interface
button, as appropriate.

Surface Data and Background Signal

Since SIMS signal intensity depends on the matrix material, adventitious
carbon or other surface contaminants may result in signal from the surface
deviating from the bulk behaviour. It is therefore sometime appropriate to
exclude surface acquisition cycles from the RSF determination. Further a bulk
material may also cause a residual signal for the implant and therefore
removal of a background count rate is also appropriate. To aid the
specification of these two limitations when calculating RSF values, two
regions must me defined for each VAMAS block before an RSF can be
computed.
Defining the Surface and Background Regions:

1. Display any number of VAMAS blocks in the active display tile.

2. Press the Define Surf/BG button.

B Dynamic SIMS

Calibration l SMMS RSF Calculator | Prepare Profiles |

Define Interface | Define katrin | Ref. Signal ... | |.f1".| 1]

Define Surf/BG

Doze [atomscm):

1.0000e+015

b atrix [n... | Interface | RSF | Sputter .. A
GaZ [2] &[] 1 1
A1) 1 1
&[] 1 1
&l 1 1

Two regions will appear on each profile; the left most region indicates the
peak and should be adjusted to start just after cycles associated with any
surface spike. The second right-most region defines the background to the
tail of an implant. Both regions can be adjusted using the Quantification
Parameters dialog window when viewing the Regions property page. The left
mouse button may be used to drag the start and end position of these
regions whenever the Region property page is active. Adjustment under
mouse control is available when grey vertical lines at either end of the
regions are displayed which appear when the Region property page is top-
most on the dialog window.
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Three Ways to Calculate RSF Values from Standard Samples

Once the matrix and regions have been defined, the RSF can be computed by
the appropriate method:

e Either: enter the Implant dose in Atoms/cm? and the measured crater
depth in nanometres then press the Compute Sputter Rate button
before pressing the Compute RSF button. Pressing these buttons will
result in the corresponding values appearing in the boxes below the
buttons.

e Alternatively, if a bulk doped standard is in use, tick the box labelled
Use Bulk Doped and enter the known atom density into the above
data input field. When a bulk doped standard is used to compute the
RSF, both the implant and matrix require regions.

e The third method for computing the RSF is via a known implant depth

and atom density. The button to the right of the Depth field, namely,

Depth ol . | Lesults in a dialog window in which a depth and/or a

peak intensity can be entered. The position of the implant is defined
using the Matrix Index table by making a single selection in that table.
The appropriate cycle can be identified by left-clicking on the peak in
the left-hand pane active tile. The Matrix Index table scrolls to show
the cycle corresponding to the mouse selection and the table entry is

265



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

therefore offered for selection prior to invoking the Define Depth by
Cycle dialog window. If the correct depth and corresponding atoms per
cm? are entered, the Calc RSF tick box is ticked and the OK button is
pressed, the RSF, Depth and Sputter Rate fields will be updated.

Define Depth by Cycle @

Cvcle:  |29g

Cancel |

Depth [fim]: |1 0000000

Atomicmd [ [ CalcRSF

Adding RSF and Sputter Rates to Profile Data

Once an RSF is computed and the appropriate Sputter Rate entered for an
implant in a given matrix, the profile can be update with these values: select
a cycle from the Matrix Index table with the appropriate matrix entry and

RSF/SR to Matrix RSF/SRE to Interface
Aeply | button or the heply | button.

Each cycle within the profile with the same entry as the selected matrix index
will be updated with both the Sputter Rate and the RSF. If the material is a
multilayer structure the procedure should be repeated for each layer, where

press either the

the RSF and Sputter Rates are first determined from a standard profile. An
RSF/Sputter Rate pair can be extracted from another profile by first
displaying the profile, making a selection in the Matrix Index table and

pressing the Restors RSF/AA | button. The RSF/Sputter Rate from the indicated
matrix index will be entered into the fields on the dialog window, thus

allowing the unknown to be subsequently displayed and these restored
values from the standard used to update the unknown profile. Note, the
Dose and depth for single matrix material are computed when the button
Apply to Selected Matrix is pressed.

Applying Calibration Parameters to One or More Profiles

Once RSF and Sputter Rates have been assigned to each depth profile, the
data are calibrated by pressing the Calibrate Depth Profile button. If multiple
profiles are prepared and overlaid in the active tile, pressing the Calibrate All
Profiles button results in each profile, so selected, being calibrated and

266



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

entered into a single experiment frame. The depth scale units must be
selected prior to calibration using the tick box Use Nanometres.

Note: If normalization to the matrix is not requires, it is necessary to compute
the RSF with the same selection of the Normalize tick box.

CasaXP$ Licensed to:A1 CASA - [uaim1a-111803.vms]
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Depth Profile Statistics: Areal Density and Decay Length

Areal Density and Decay Length are computed as part of the Depth Profile
Statistics. The procedure for calculating these statistics requires a pair of
cursors to be defined on the displayed profile in the active tile. The aim is to
mark the region over which the profile peak appears. To mark the cursors on
the profile: hold the Shift Key down and drag a box starting from the left of
the peak and ending at the right-hand end with the mouse positioned at the
intensity of the background. On pressing the Profile Statistics button a dialog
window appears showing the current text in the VAMAS block comment plus
a set of lines offering the new calculated profile statistics. If it is desired to
include these new lines in the VAMAS block comment, then the OK button
should be pressed, otherwise the Cancel button will exit without altering the
VAMAS block comment. Note, the text in the VAMAS block comment can be
edited within this window leaving only the information so required.
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Maintaining Standards Library Files

Once standards have been prepared and RSF/Sputter Rates computed, these
depth profiles can be moved to other files containing profiles from standards.

The toolbar buttons @ E allow VAMAS blocks to be copied into an
existing file and also delete from a file. If a number of standard material

profiles are located in a single file, the Jﬂ button offers a means of
searching the strings within a VAMAS block comment and those matched are
both selected in the right-hand pane of the experiment frame and are also
displayed in the scrolled list of display tiles. VAMAS block comments can be

Elock
edited using the ﬂ toolbar button.

Step-by-Step Description of Quantification for a Multi-Layer
Sample

In this example, the desired result is to plot atomic density verses depth for
Mg implanted in Gallium. To achieve this end and owing to the layered
structure, four masses were monitored, where two labelled 69Ga and Al
define the layer structure while the trace labelled Ga, represents a constant
matrix signal, to which the Mg signal is normalized.
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Step 1: Define the Matrix

Display the matrix VAMAS block, namely, Ga2 in the activetTile. The block id
plus the VAMAS Block index for the trace will appear on the Calibration

property page of the Dynamic SIMS dialog window.
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Select all the cycles under the Matrix Index column in the table on the
Calibration property page and press the Define Matrix button; the selected
entries under the Matrix Index column will change to Ga2[2], thereby
showing the matrix is defined.

Step 2: Define the Layer Structure

The structure of the material is GaN : AlGaN : GaN (Dr Shadi Shahedipour,
University of Albany, New York) therefore the matrix definition alone is not
sufficient to specify the cycles for which different sputter rates and RSF must
be assigned. Thus a sample such as this one requires the definition of
guantification information using the interface column within the table on the
Calibration property page. The AlGaN layer is characterized by the trace
labelled Al. To define a layer within the profile, the signal Al is used to select
the set of cycles recorded between the two interfaces.
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Before using the mouse to indicate the interfaces, ensure there are no
selected cycles in the table on the Calibration property page. Clicking on any
column away from the Matrix Index column will de-select all cycles. Note,
repeated use of the mouse will add to the current selection, allowing
complex multilayer materials to be specified. Mark the AlGaN layer by
holding the Shift-Key down and then dragging a box from the left to the right
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of the AlGaN peak. The result of such an action is shown in above. All the
cycles within the table on the Calibration property page between the vertical
cursors shown above are selected by the mouse action and so pressing the
Define Interface button on the same property page will cause the Interface
column in the table to be updated.
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Step 3: Enter RSF and Sputter Rate Values

In this example the RSF and Sputter Rate for the two layers are assumed to
be known. All that is required is to add sputter rates and RSF for each of the
three layers; the values are entered on the Calibration property page. The
required information for quantification are two RSF and SR pairs, which must
be entered correspondingly for the GaN and AlGaN layers. Since the matrix
does not define the layer structure, the assignments are made by using the
Apply RSF/SR to Interface button. After displaying the Mg trace in the active
tile the RSF and sputter rate for each layer can be entered in turn. Since the
Interface column was initially all assigned 69Ga[0], the layer assignment
based on the Al signal only altered the range of cycles specified by the
vertical cursors. As a result the GaN layers are identified by the Interface
entries 69Ga[0]. Thus, both the GaN layers are assigned RSF and sputter rates
by selecting one cycle for which the interface column contains 69Ga[0],
entering the appropriate RSF/SR and pressing the Apply RSF/SR to Interface
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button. Each cycle previously designated as part of the 69G [0] layer will

receive the RSF/SR pair.
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Similarly, the AlGaN RSF/SR values are entered in the text-fields, one cycle
with an Interface column of Al[1] selected and the Apply RSF/SR to Interface
button pressed a second time. Again, each cycle designated as Interface Al[1]

will receive the RSF/SR pair.
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Step 4: Calibrate Mg Profile

Calibration is performed by displaying the Mg profile in the active tile and

pressing the Calibrate Depth Profile button.
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In this example, the only mass for which RSF/SR pairs are entered is Mg. The
SR are automatically assigned to all masses, however the RSF values for
masses other than Mg remain set equal to unity. A consequence of leaving an
RSF equal to unity is that on Calibration to atomic density and depth, masses
for which the RSF is equal to unity will be scaled to the atomic density range
of any properly calibrated masses. This allows an overlay with respect to the
calibrated traces, without requiring the RSF for all masses to be assigned
prior to calibration. Counts per second traces are available in the calibrated
experiment frame as the second corresponding variable (Ctrl PageUp/Crtl
Page Down).
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An Example of Computing an RSF using Dose and Implant Peak
Depth

A profile was obtained from GaN undoped epi growth ion implanted with
**Mg at a dose of 1.0e15 atoms per cm”. The depth at the peak of the Mg
counts is 77 nm. Computation of an appropriate RSF is performed as follows:
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Step 1: Define the Matrix
Display the Ga2 matrix profile in the Active Tile, press the header button
labeled Matrix Index in the table to select all cycles and press the Define
Matrix push button on the Calibration property page. The table on the same
property page will update to show that the Matrix index for each cycle is now
assigned to the Ga2 profile.

Step 2: Define the Surface Layers and also the Background for the Mg
Profile

Display the Mg profile in the active tile and press the button labeled Define
Surf/BG. Two regions are created on the Mg profile. The left-most end of the
left-most region defines the surface layers, while the background to the right-
most of the two regions estimates the background to the Mg signal.
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Step 3: Define the Depth Scale

In this example, the depth scale is defined to be 77nm at the maximum signal
for the Mg profile. Using the left-mouse button, click on the profile to
indicate the position of the Mg maximum values. The table entries on the
Calibration property page will scroll so that the cycle corresponding to the
position of the vertical cursor, which is located at the top of the visible
portion of the list. Select the entry at the top of the visible portion and press
the button next to the Depth (nm): label. A dialog window appears in which
the selected cycle index in already entered and a text-field for the Depth
(nm) corresponding to the indicated cycle can be input.

Doz [atormsdom?): Gar[1] ' B9[] i 1 R
Ga?[1]  E3Ga[l] 1 1 a1

1.0000e+015 =
Define Depth by Cycle @

Drepth [nim): |

4 7804e+002 Cycle: |47

v Subtract BG Lancel |

Depth [nm]:
[ Elemental RSF pih frm) |F?

[ UseRef. Signal Atomdemd: |17 [~ Calc R5F
Compute RSF J

On pressing the OK button, the Calibration property page is updated with the

depth computed from the Define Depth by Cycle dialog window values.

Step 4: Enter the Dose and Compute the RSF

Enter the dose in atoms per cm” on the Calibration property page and press
the button labelled Compute RSF. If the elemental RSF is required, the tick-
box just above the Compute RSF button should be ticked.

Step 5: Calibrate the Mg Profile

Once the RSF is computed and the sputter rate updated, the values for each
cycle corresponding to the Mg profile (currently displayed in the active tile)
must be updated. In this example, the assignment for the matrix is sufficient
to target the cycles for which RSF and sputter rates must be applied. Simply
select any cycle using the Matrix Index column in the table and press the
Apply RSF/SR to Matrix button. Since all the cycles are defined to have the
same matrix, the table for the Mg profile will contain values for the RSF and
sputter rate throughout. To calibrate the profile, press the button labelled
Calibrate Profile.
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Standard Gal Matrix Mg Implant
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Note that the Profile Statistics button has been used to create a VAMAS
block comment showing the Areal Density and Decay Length for the Mg
profile. Also note how the profiles for which no RSF is specified are scaled to
allow their visualization within the same scale as the calibrated Mg profile.
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Computing RSFs where the Matrix Signal is Measured following
the Completion of the Implant Profile

Cameca dynamic SIMS instruments permit experiments in which only the
implant is profiled. The inclusion of the matrix intensity in the computed RSF
is achieved by measuring the matrix signal after the implant signal attenuates
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to background levels. The assumption is therefore that the matrix count rate
is constant during the acquisition of the dopant profile. While in principle the
Cameca files contain the experimental parameters for the profile, there are
occasions where the matrix reference signal must be inspected and manually
entered. To calculate the RSF for a standard material based on an implant
profile only, the following features are employed.

The VAMAS file for a single boron implant in silicon consists of a single

VAMAS block.
CasaXPSs Licensed to:A1 CASA - [bstd01.dp_rpc_asc.vms]

[54 File Wiew Window Options Select Help T

D| || | B P | B | 1| B | | | W8 B[ am - /|| || ] B 6] S| 2]

0@ 3| 1] |1 || A8 r| 2| || B |55 0] 0| | ] | =
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|
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|
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5 0000014 1B B[]
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. 7. 7000e+002 1ME@ 1B[)
w1 MB[@ 1B[)
8 v Subtract BG HEm 1B
o
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|
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Following the measurement of the boron profile, the Cameca monitors the
matrix signal, and records the counts per second for the matrix in the data
file. It should be noted that the crater depth measured following such an
experiment includes the depth etched during the matrix measurement which
occurs after the boron profile is completed.

Calculation of the RSf for ''B implanted in silicon is computed identically to
previous examples with the exception that the user inputs the matrix signal
in counts per second via the Ref Signal button on the Calibration property
page. The VAMAS block containing the boron profile is updated with the
intensity of the matrix signal via the Reference Signal dialog window invoked
by the Ref Signal button.

277



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

- ARG
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Define Surf/BG
Matris In.. | Interface | RSF Sputter ... | T

Dosze [atomsdcmz): Reference Signal @

5.0000e+014 _
Ok

Depth [fm]: M
ance
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[~ Elemental RSF

¥ Usze Ref. Signal
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RSF: | 7.3204e+022 Sputter Rate [cmiz): | 1.9593=-007

Computing the RSF is performed as follows:

1. Enter the crater depth (770 nm) and press the Compute Sputter Rate
button.

2. Enter the dose (5x10" atoms per cm?).

3. Check that the reference signal is correctly assigned and enter the
correct value by pressing the Ref Signal button.

4. Press the Compute RSF button.

Gathering Profile Data for Display and Calibration
Purposes

Profile data typically is stored as individual VAMAS files. There are however
reasons why merging these files into a single experiment frame is desirable.
For example, data can only be overlaid for display purposes for data located
in the same experiment frame. A further reason for moving profiles into a
single experiment frame is that Calibration of a dynamic SIMS profile is
performed on the Calibration property page and the button for calibrating
multiple profiles only acts on data within a given experiment frame. Copying
profiles into a single experiment frame permits many profiles to be calibrated
in one action.
By way of example, consider merging two VAMAS files containing profile data
for which a display of the data in overlay format is required.
1. Open each of the two data files in CasaXPS.
2. Using the Window menu, tile the two experiment frames so that both
right-hand panes are visible such that the VAMAS blocks are easily
selected.
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CasaXP5 Licensed to:A1 CASA
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3. Create a new experiment frame E[ and press the Copy/Paste VAMAS

blocks toolbar button.

=5[] 5

CasaXPS Licensed to:A1 CASA - [CasaXP5]
File ‘Wiew ‘Window ©Options Select Help

0| o | s s i i | e | G | B | | || /|| k|| B8] | S| ®]

] e =1 ) N = e = =T e P M R M 2 o e e

| o] ] il o> [otlie] el oslen] B0 L] ¥) rlonle] wblab] Selsmlm(mel m(es]|

Copy Selected YAMAS Blocks X

Cancel |

[~ Processed Data Only

[ Increment ExpYariable

Selected Block Id.
Masz1 sl 06 dat

| File Mame ~
files106-109.vms : c:\documents and setiingshnealsmy documentshworkir

Mass rrsf106.dat files106-109 vms : c:hdocuments and settingshneal'my documentshworkir
tazsT ref107.dat files106-109,vms : c:\documents and settingstneal'my documentshworkir
taze? rref107 dat files106-109 wms : chdocuments and settingshnealmy documentsworki
Mazel rref108 dat files106-109,vms : c:hdocuments and settingshnealimy documentshworkir
Mass2 rsf108.dat files106-109.vms : c:\documents and setiingshnealsmy documentshworkir
MassT rref109.dat files106-109 vms : c:hdocuments and settingshneal'my documentshworkir
tdazs? ref109.dat files106-109,vms : c:\documents and settingstneal'my documentshworkir

Mazs1 msf102 dat
Mazs2 rsf102 dat
Masz1 nsf103 dat

file102-1058 vmz : c\documents and settingshnealmy documents'aworking
file102-105.vmz ; c:\documents and settingshnealmy documentsworking
file102-105.wms : c:\documents and settings'healimy documentshwarking

Mass2 rrsf103.dat file102-105. vms : c:‘documents and settingshnealimy documents warking—
tdazsT ref104.dat file102-108.vms ; c:\documents and settingsnealmy documents'working
tdaze? rref104. dat file102-1058. vmz : c\documents and settingshnealsmy documentsworking
< | =

4. Check that the VAMAS blocks listed on the Copy Selection dialog
window match those selected in the two files and press the OK button.
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The selected VAMAS blocks now appear in the new experiment frame. Note
that the selected VAMAS blocks are transferred to the experiment frame with
focus. In the event that the experiment frame with focus already contains
VAMAS blocks the selected VAMAS blocks are appended to the existing
blocks. The target experiment frame for this example was initially empty

Copyright © 2009 Casa Software Ltd

therefore only the selected blocks appear in the experiment frame.
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5. Save the new experiment frame to disk.

After preparing the profiles with appropriate RSFs and sputter rates the
entire set of profiles is calibrated by overlaying the implant VAMAS blocks in

the active tile and pressing the Calibration All Profile button.
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A new experiment frame appears contain the quantified profiles.
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XPS Instrument Transmission
Correction

Electron Spectroscopy

X-rays illuminate an area of a sample causing electrons to be ejected with a
range of energies and directions. The electron optics, possibly a combination
of electrostatic and/or magnetic lens units, collects a proportion of these
emitted electrons. Not all electrons emitted from the sample are transferred
through the apertures and focused onto the analyser entrance slit.
Electrostatic fields within the concentric hemispherical analyser (CHA or HSA)
are established to only allow electrons of a given energy, the so called Pass
Energy (PE), to arrive at the detector slits and onto the detectors. The
efficiency with which electrons are collected as counts at the detector varies
as a function of the kinetic energy
CHA imparted to the electrons by the
photoionisation process. Therefore,
knowledge of these transmission

characteristics is fundamental to

ILann:efser Detector proper quantification of XPS data.
A hemispherical analyser and transfer
lenses are typically operated in the two
«m» Sample most common modes, namely, Fixed

Analyser Transmission (FAT), also
known as Constant Analyser Energy (CAE), or Fix Retard Ratio (FRR) also
known as Constant Retard Ratio (CRR). In FAT mode, the pass energy of the
analyser is held at a constant value and it is entirely the job of the transfer
lens system to retard the given kinetic energy channel to the range accepted
by the analyser. Most XPS spectra are acquired using FAT. The alternative
mode, FRR, scans the lens system but also adjusts the analyser pass energy to
maintain a constant value for the quantity “initial electron energy” /
“analyser PE”. This mode is typically used for Auger spectra since the energy
interval accepted by the detection system (i.e. resolution) increases with
kinetic energy and recovers weak peaks at high kinetic energies while
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restricting the intense low energy background that could damage the
detection system.

Electrons of a specific initial kinetic energy are measured by setting voltages
for the lens system that both focus onto the entrance slit the electrons of the
required initial energy and retards their velocity so the kinetic energy after
passing through the transfer lenses matches the pass energy of the
hemispherical analyser. To record a spectrum over a range of initial excitation
energies it is necessary to scan the voltages applied to these transfer lenses;
the prescription for a lens voltage is known as a lens function. Each operating
mode for an instrument requires a lens function for each lens and these lens
functions are typically stored in some configuration file used by the
acquisition system. The efficiency with which electrons are sampled by a
spectrometer is very dependent on these lens functions and without properly
tuned lens functions the performance of an instrument can be severely
impaired. Even with a well-tuned system the collection efficiency varies
across the many operating modes and it is necessary to characterize an
instrument using a corresponding transmission function for each of the lens
modes, energy resolutions, aperture settings and spot-sizes of the x-ray
source.

Transmission correction is central to quantitative XPS. Without proper
transmission correction, a comparison of results measured from the same
sample using different operating modes for an instrument would show
significant variations in atomic concentrations. Thus, following any changes
to the lens functions, aperture positions and even changes due to detector
aging require the calibration of the intensity scale, which involves computing
the transmission functions for any operating mode used in practice.

Quantification of Spectra using Transmission Correction

A transmission function, when available, is included with the spectral data in
a VAMAS block as a second corresponding variable. Transmission functions
are either:
1. Added to the data by the acquisition system e.g. SpecsLab 2 and Kratos
Vision 2 VAMAS files.
2. Added to the data when converted through CasaXPS to the ISO 14976
format e.g. PHI Multipak, Thermo Avantage ASCII, Kratos KAL ASCIl and
SPECSLAB 1.
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If the transmission function is available in certain formats, added to the
data using options on the Intensity Calib property page on the
Spectrum Processing dialog window e.g. instruments calibrated with

the NPL intensity calibration system.
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Provided a transmission function is included in the ISO 14976 (VAMAS) file,
CasaXPS by default applies the transmission correction to the intensity values
used to compute the atomic concentration displayed in quantification
reports. Spectra displayed in the active tile appear as uncorrected intensities;
however quantification tables, either displayed as annotation over the
spectra or in the form of a text report include the transmission correction as
part of the atomic concentration calculation. The percentage atomic
concentration X; is computed using the formula:
l

X; =100 m .
where the adjusted intensities A; are determined from the measured
intensity I;, the transmission function T evaluated for electrons of recorded
energy E, the relative sensitivity factor R; for the transition i and the escape
depth compensation exponent n:

I

T(E)E™R;
The column headed Area in the quantification report:

Ai=
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is corrected for transmission and escape depth, but does not include the
relative sensitivity factor. If desired, all terms used in the quantification
calculation, such as raw intensity in CPSeV or the transmission function value
at the peak maximum, can be output in a Standard Report on the Report
Spec property page. Obtaining the itemized quantification report involves
using the configuration files described elsewhere.

. Library _ %At
Block Id Name Position Raw Area Transmission
RSF Conc
Cu/Au Au 4d 334.6 1.29E+06 18.9596 701.806 39.31
Cu/Au Cu2p 931.6 1.85E+06 24.5703 841.33 60.69

The quantification table is computed using the parameters defined in the
table of quantification regions.

M Quantification Parameters

Regions l Enmpnnenls] Data Editor | Feport Spec. ] RPT Hepnrtl
[ Calc Max
Fegions
Mame
R.5F.
Start
End
BG Type
A width
5t. Offset
End Offzet
Crosz Se..
Tag
Area 18318 37855
Std Dev . 0 1]
Fahim 5.02506 210731
Puosition 3346 931.6
#% Conce... 9.3 G069
Max Height | 1226785 399787 1
Min Height 227 -838.0
Peakto .. 28.40 71.60
Create | Calculate Error Bars ‘ Delete |
Create From Labels | Save Regions .. ‘ Copy and Paste |
Intensity Calibration B s
Iv Automatic |07 Undate
[T =
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These parameters include the background type, the range of energies over
which the background subtracted data is integrated to obtain the value for I;
in counts per second eV and the relative sensitivity factor (RSF). In principle,
the RSF corrects the raw intensity for sample and transition specific intensity
variations, in contrast to the transmission and escape depth correction terms,
which are in general fixed for all samples and correct the measured intensity
for instrumental influences. These instrumental corrections are controlled by
the settings in the Intensity Calibration section on the Regions property page.

Intengity Calibration

v Automatic |07 L pdate

By way of example, the escape depth correction is assigned a value of -0.7, a

value commonly used by SSI instruments. Note the exponent is given a
negative value. This is because CasaXPS, for historical reasons, makes the
correction to the intensity using the expression I*E" rather than I/E". The fact
that the transmission correction is active is indicated by the tick box labelled
Automatic. For the data in the current example, a transmission function is
included in the VAMAS block, therefore by default the Automatic tick box is
ticked when the file is loaded into CasaXPS. The consequence of the
Automatic tick box being ticked is the area reported in the quantification
report over the spectrum is adjusted for transmission and escape depth.

A transmission function is added to a spectrum by including an additional
corresponding variable in the VAMAS block containing the data. As stated
above, the ticked state of the Automatic tick-box is an indicator that a
transmission function is present in a data block. Visual inspection of the
transmission function can be made by holding the Control key down and
pressing the Page Up keyboard key. To return to the spectrum, use the
Control key together with the Page Down key to step back to the display of
the corresponding variable containing the spectral data. The transmission for
the Au/Cu spectrum when displayed in the active tile using the Control +
Page Up keyboard keys is as follows:
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The correction to the intensity for transmission and escape depth is made by
evaluating the functions at the position of the peak maximum before any
energy calibration is performed to the peak positions.

Practical Solutions to Transmission Correction

Certain file formats include as part of the description of the data a
transmission function. For example, the PHI Multipak files include a
correction function of the form:

a2

E 2
2 =
a+(pg)
The PHI transmission function represents a scaling function for moving

T(E) = PE

between pass energies within a lens mode. The objective of such a correction
is to allow the comparison of intensities measured using different pass
energies, where the parameters a and b are determined in a relative sense
from a set of calibration spectra. PHI and Thermo offer intensity calibration
functional forms, both of which are included in the VAMAS block created by
CasaXPS when the data is converted from either file format to the ISO format
used in CasaXPS. Kratos and SPECS SpecsLab?2 also offer relative transmission
correction; these transmission functions are written into the VAMAS files
exported from the Vision Processing and SpecsLab2 systems.
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The National Physical Laboratory UK offers an alternative solution to
calibrating an XPS instrument. A transmission function is calculated using
spectral background information, such that the intensity calibrated spectra
can be quantified using a theoretically determined RSF library, namely
Schofield cross-sections. The Scofield cross-sections may need modifying for
angular distribution variations resulting from an angle between the x-ray
source and the axis of the analyser differing from the magic angle (54° 44'). If
calibrated using the NPL system, the possibility of all laboratories, regardless
of instrument, using the same basic RSF library producing equivalent
quantifications is conceivable. The transmission curve presented above was
created using the NPL calibration software for a Kratos Axis Ultra at
University of Manchester.

Adding a Transmission Function to SPECS SpecsLabl
Data

A transmission function file can be added to the CasaXPS file system which is
read each time a SpecsLab1 data file is converted to the ISO 14976 format.

288



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

The ASCII file CasaXPS.trf, located in the same directory as the CasaXPS.exe
executable file, is searched each time a SpecsLabl exp file is converted
through CasaXPS. The CasaXPS.trf file contains a set of transmission function
definitions identified by the string used to specify an aperture. The exact set
of parameters and functional form is determined from the entry in the
CasaXPS.trf file. The following table shows an entry from an exp file where
the aperture and the set of aperture strings are marked to illustrate the
strings of importance to the transmission function file.

EnergyAnalyser: phoiboss
{
ea_mode = esca_c_ep;
ea_serial = 0;

ea_vers = 0;

ea_const = 50;
ea_ampl_fact = 0;
ea_particle_polarity = -1;
ea_detector_U = 2300;
ea_conversion_U = 0;
ea_is_small_spot = 0;
ea_nchannels = 5;

ea_addinfo="";
ea_apertures = "[Area 4x10:7x20:40mm][Area 3x10:7x20:40mm][Area
2x6:7x20:30mm]|[ ][Area 0.5dia:7dia:20mm][Area

0.1dia:1dia:10mm][UPS:7dia:20mm][ISS:7x20:50mm][AES:7x20:50mm][BAES:7x20:50mm]";
}
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A file which included the aperture list and aperture parameter (an index
starting at zero) as specified in the table would cause the second function
defining in the table below to be loaded into a newly converted ISO file.

[Area 3.0:MM:7x20:40mm PE* ?]
functiontype5 2 -0.5

[ PE* ?]

functiontype6

Response Function Parameter a0 +2.260820
Response Function Parameter al -19.874343
Response Function Parameter a2 +43.977369
Response Function Parameter a3  +39.042814
Response Function Parameter a4 -27.316750
Response Function Parameter bl -8.950412
Response Function Parameter b2  +20.326906
Response Function Parameter b3 +15.764882
Response Function Parameter b4 -10.226651

An entry in the CasaXPS.trf file consists of a header string delimited by a pair
of square brackets, followed on the next line by a function-type string, which
determines the meaning of the parameters that follow. The two entries are
examples of functiontype5 the standard SPECS prescription for the analyser
transmission: T(E)=al:'b and funtctiontypeb6 the set of parameters determined
by the NPL calibration system:

T( E)=(ao+a1y+azy2 +¢73y3 +a4y4)/ ( 1+b1y+bzy2 +b3y3 +b4y4)

where y = (E-1000.0)/1000.0. The parameter list below the string
functiontype6 can be copied and pasted into the CasaXPS.trf file directly from
the Q.vms file output from the NPL calibration system. The functiontype6 NPL
transmission function format appears in CasaXPS version 2.3.13 and above.

Adding a Transmission Function to Data Blocks

Adding or replacing a transmission function to a set of VAMAS blocks is
achieved via the Intensity Calib property page on the Spectrum Processing
dialog window.
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B Spectrum Processing E|E|@
Differentiation ] Integration ] Test Data ] FCA I Calculator I
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| ¥ Power [E, walug] ’DD— Apply KE Only

Tranzmizsion Correction

Wamnas Ordinate 1
Apply

Add Tranzmizszion Function from File . ‘

Fhi Tranzmiszion Coefficients [a.b)
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|1 |D |D |D Change WG TF

Three options are available for modifying an existing transmission function:

1. The Add Transmission Function from File button is pressed. A file
containing the transmission function information is read and added to
any blocks selected in the right-hand pane of the experiment frame.

2. PHI coefficients are entered in the text-fields adjacent to the Change
Phi TF button. Again, the transmission function is added to the
selected blocks in the right-hand pane of the experiment frame.

3. Similar to option 2 but the Thermo VG coefficients are used to
compute the transmission function rather than the PHI.

Add Transmission Function from File

There are three file formats accepted by the Add Transmission Function from
File button:

1. A simple ASCIl format where the first line is an integer format number,
which must be 1. The next line is a positive integer specifying the
number of energy, transmission function pairs which follow, one pair
per line. The values for the energy and transmission function values
must be separated by a space or a TAB.

2. A Q.vms file generated by the NPL Calibration system. The Q.vms file
provides a VAMAS description of the transmission function, followed
by the parameters and the results of the calibration process. When the
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Q.vms file is read into CasaXPS, it is the parameter set which is used to
compute the transmission function, the VAMAS fields are ignored.
3. A CasaXPS.trf formatted file. When a SpecsLabl exp is converted, two
strings are added to the VAMAS block comment tagged with the prefix
“TRF STRING1:” and “TRF STRING2:”. These strings are taken from the
aperture list in the exp file and are used to extract a transmission
function, on a block by block basis, from the CasaXPS.trf formatted file.
Transmission functions read from file are added to all data blocks selected in
the right-hand pane of the experiment frame prior to pressing the button.

Relative Sensitivity Factors and Instrument
Geometry

In an ideal world, if a sample were analysed using a range of different
instruments, the results presented as atomic concentrations would be
entirely consistent regardless of type of XPS instrument used to make the
measurements. The consistency of these measurements represents the
precision with which these measurements can be made by the
instrumentation in use. The accuracy obtained for the atomic concentrations
is determined by the relative sensitivity factors (RSFs) used to scale the
measured intensities for the different elements. Again, in an ideal world, a
single set of RSFs offering the relative intensity of photoelectric lines for each
nl-electron observed for a given x-ray anode would exist and could be applied
to all samples. The goal of absolute accuracy based on a single set of RSFs for
all samples is unattainable for many reasons; however the concept of relative
accuracy is the accepted goal for many analysts using XPS. That is, assuming
all instruments were calibrated for intensity variations due to transmission,
then one would like to use a common RSF library to ensure the same
quantification is reported irrespective of which instrument made the analysis.
Scofield (J. Electron Spectrosc. Relat. Phenom. 8, 129 (1976)) compiled a set
of photo-ionisation cross-sections for aluminium and magnesium x-ray
sources. In principle these describe the relative intensities for the various
photoelectric lines observed in the energy spectra. In practice, the principle
of this statement is only true provided the x-ray source and energy analyser
are at the, so called, magic angle of 54° 44, For all other angles between
these two mechanical components the relative sensitivity for the different
transitions changes due to the angular distribution of photoelectrons ionized
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by un-polarized light impinging on an nl-shell electron. The equation
describing the angular distribution is given by (Reilman et al, J. Electron
Spectrosc. Relat. Phenom. 8, 389 (1976)):

doy (€) 0%1(8)[1___ﬁ%u( £)
dQ

P, (cos 9)]

where € is the photoelectron energy, o,(€) is the cross-section for photo-
ionizing an nl electron (Scofield), 8 is the angle between the photon and the
photoelectron direction:

CHA

Transfer Detector

Lenses

y =
i . )

i,

ST
AW

Gun

and P,(x) = (3x2 —-1)/2.

B./(c), the asymmetry parameter, like o,(e) also depends on the wave
function. The complexity of the intensity variation with transition is removed
for instruments such that P,(cos 6)=0 or 6 = 54° 44, for which the term
involving 8,(€) drops out of the equation above. For instruments where the
angle 0 differs from the magic angle, the Scofield cross-sections must be
corrected to account for the non-zero term involving 8,(c). Sadly, most
instruments to date do not use the magic angle between the analyser and x-
ray source and therefore tables of asymmetry parameters are required to
modify the RSF tables containing values appropriate for the magic angle
configuration.
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PHI Multipak Data

Data from a range of PHI instruments saved in PHI Multipak file formats may
be converted to VAMAS format through CasaXPS.

PHI 5000 Versa Probe
To convert a file in Multipak format:
1. Select the Convert option on the File menu or via the top toolbar of
CasaXxPs.
2. Move to the directory containing the Multipak file.
3. Selecting the file into the File name text-field on the File dialog

window.

CasaXPS Licensed to:A1 CASA - [CasaXP1] FEX
[E9 Ele Wew tindow Options Select Help BEES
0| o | o e B 1 | [ @] 3| oo || || @) | a2
m]iEf=1- ] ey B R N N A I = i = e e o

Convert to VAMAS file
Look in. [ (3 Multipak Data -] e Bk E-

File: pame: | 140003 _1.5PE

Files of type: |4l Files [%7) =] Cancel

Ready Ho File:

4. Press the Open button on the File dialog window.
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The data within the Multipak file is converted from the binary format to the
ISO 14976 VAMAS ASCII file format. Each acquisition region in the original
Multipak format appears as a VAMAS block in the right-hand pane of the
CasaXPS experiment frame.

Mone SUR Fls | Ols | Mls | C1s | 32p | SiZp
0 | NP | RN | <O | TN | OV | R-IYN | RPN |

The data from the first row of VAMAS blocks are displayed in the left-hand
pane using a scrolled list of display tiles.

CasaXPs Licansed to:A1 CASA - [i_1a0003_1.vms] X
[E Eie View Window Options Select Help _la x

D| (| B | B | | 5 B 1| | 6 | | R | | o [ ]| 0] [ B[ 2]
Ol ERE| k)] 2el ol Alv] & [Z]=]D

FEEErEE 2] 5

SUR. L

4

0 VAMAS Blocks

Display Tile

20

[Scrolled List of Display Tiles|

(S| A

T T T T
1000 800 600 400 200 0

Binding Energy (eV)

Multipak saves data in files with a range of file extensions depending on the
nature of the data within the file. A set of spectra measured at the same
position on a sample under the same conditions is saved in a file with
extension spe as illustrated above. The following illustrates other file formats
used by Multipak.
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Angle Resolver XPS (ARXPS) are saved with file extension ang:

CasaXP$ Licensed to:A1 CASA - [2087_122.vms]
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8
o
o
© s
7 It}
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4]
2]
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The tilt angle used to acquire the data appears as an experimental variable in
the VAMAS file. Each row of VAMAS blocks represents data acquired using

the same angle.

Sputter depth profile data are assigned the file extension pro:
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Image files are saved with various file extensions:
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Image files with the file extension map include an image per detector
available to the instrument. Processing of these energy-separated images can
offer a significant improvement in the image information.

Max: 13.0
r 79

6.2
Min: 2.6

CasaXPS

Quantification of PHI Spectra

The key steps to quantification of PHI data in CasaXPS are:

1. Converting the MultiPak binary files through CasaXPS to obtain VAMAS
files which include the PHI transmission function correction.

2. Prepare an element library in CasaXPS format containing the PHI
sensitivity factors.

3. Configure CasaXPS to make the angular distribution adjustments to the
PHI sensitivity factors appropriate for the PHI instrument from which
the data derives.

The Convert to VAMAS option in CasaXPS accepts files of many formats and
converts the data into an equivalent ISO 14976 (VAMAS) format. In the case
of PHI data, MultiPak binary files include information about the transmission
function and also the angle between the analyser and the x-ray source. When
the spectra are converted through CasaXPS, these data are also included in
the VAMAS file and provide the means for adjusting the intensities of the
spectra for transmission variation with kinetic energy of the recorded
electrons, and the adjustments to the library sensitivity factors for the
instrument geometry used to acquire the spectra.

While the transmission function is automatically applied by CasaXPS to the
intensities used to calculate atomic concentrations, the sensitivity factors in
the PHI library must be entered into a CasaXPS formatted library file; these
sensitivity factors are corrected by CasaXPS at time of use. Provided the
appropriate configuration entries are included in the
CasaXPS.DEF/ParameterFile.txt file, whenever a sensitivity factor is extracted
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from the element library, the appropriate adjustments for angular
distribution are applied to the library sensitivity factor. The approach of
maintaining a library of magic angle sensitivity factors which are corrected for
a given piece of data is consistent with the approach adopted by PHI. By
adjusting the sensitivity factors for the given data, data from different PHI
instruments can be accommodated using the same library. The PHI Quantum
series of instruments, including the Versa Probe, use an angle of 45° between
the analyser and the x-ray source, while a 5600 instrument uses an angle of
90°; data from both instrument geometries are quantified under the PHI
regime using the same element library adjusted for angular distribution.

Creating a PHI Library

The CasaXPS library file is a simple ASCII file containing TAB separated rows of
information for each transition. The default CasaXPS library contains Scofield
cross-sections, which appear, if loaded into a spreadsheet program such as
Excel, in the ninth column.

e casaXPS.lib - Microsoft Excel _ = x
4 ame Data Rmu @ @ - = x
Il A S=lnset~ X v {\ ¥
“ - I Delete -+ || [8] ‘Z? }3
styles | .. Sort & Find &
- | [EiFormat ~ | (2 Fitter~ Select~
ont & ent = er & Cells Editing
[ AL - £l 2
A B P D E F G H 1 J K L
97 si 2 si2s 0.00E+00 BE 1495402 1.00E+00 GL(30)  9.55E-01 Al |
98 P 2 525 0.00E+00 BE 1.89E+02 1.00E+00 GL(30)  1.185+00 Al
95 s 25 s2s 0.00E+00 BE 2295402 1.00E+00 GL(30)  L1.432+00 Al
100 cl 25 clas 0.00E+00 BE 2705402 1.00E+00 GL(30)  1.695+00 Al
101|Ar 2 Ar2s 0.00E+00 BE 3.20E+02 1.00E+00 GL(30)  1.97E+00 Al
102/K 25 K25 0.00E+00 BE 3.776+02 1.00E+00 GL(30) 2275400 Al
103/ca 2 cas 0.00E+00 BE 4,38E402 1.00E+00 GL(30)  2.59E+00 Al
104 5¢ 2 Scas 0.00E+00 BE 5.00E+02 1.00E+00 GL(30)  2.91E+00 Al
105Ti 25 Ti2s 0.00E+00 BE 5.645+02 1.00E+00 GL(30)  3.24E+00 Al
106)v 2 Vs 0.00E+00 BE 6.28E+02 1.00E+00 GL(30)  3.57£+00 Al
107/cr 25 cras 0.00E+00 BE 6.95E+02 1.00E+00 GL(30)  3.91£+00 Al
108 Mn 25 Mn2s  0.00E+00 BE 7.695+02 1.00E+00 GL(30)  4.232+00 Al
109 Fe 2 Fels 0.00E+00 BE 8.46E+02 1.00E+00 GL(30)  4.57€+00 Al
110/co 25 co2s 0.00E+00 BE 9.26E+02 1.00E+00 GL(30)  4.88£+00 Al
111|Ni 25 Ni 25 0.00E+00 BE 1016403 1.00E+00 GL(30)  5.16E+00 Al
112/cu 2 cu2s 0.00E+00 BE 1.10E+02 1.00E+00 GL(30)  5.465+00 Al -
W 4k M| casaXPS ¥J [ m i
Ready (= O/ ja0e,=) ] ()

The simplest strategy for populating an element library with sensitivity
factors is to load the CasaXPS library file into Excel and set all the values in
the RSF column to zero before entering those sensitivity factors most
commonly used. Once a basic library file is established, in the future, each
time a new sensitivity factor is requires, the value can be entered using the
mechanism in CasaXPS for adding or changing an entry in the CasaXPS library.

Editing an Element Library Entry

The default CasaXPS library is loaded at the time CasaXPS execution begins.
As CasaXPS starts, the CasaXPS.exe executable file loads a file named
CasaXPS.lib located in the same directory as the CasaXPS.exe file.

The format for a library file includes a standard set of ten fields per transition.
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Element

Transition

Label/Name

Mass (Daltons)

Energy Type (BE or KE)
Energy (eV)

F.W.H.M.

Line shape (e.g. GL(30))
Relative Sensitivity Factor

© 0 NOUAEWNRE

10.Excitation source string

The photoionisation cross-section for electrons ejected by scattering with
incident photons is dependent on the energy of the photon source. For this
reason the element library may contain the same transition repeated for all
possible x-ray gun anode materials. The two most commonly used anode
materials are magnesium and aluminium, however silver and chromium are
also used on occasion. The default CasaXPS library contains entries for Mg
and Al anodes specified via field 10, namely, Excitation Source string, where
different Scofield cross-sections for photon energies 1253.6 eV and 1486.6 eV
are entered in field 9, Relative Sensitivity Factor (RSF). The library mechanism
is designed to display the appropriate transitions and RSFs for the data in the
active tile.

The excitation source string in the element library is used to select the
appropriate transitions for the data displayed in the active tile. By default,
when a Multipak file is converted through CasaXPS the VAMAS block field for
the source label is assigned the string either Mg or Al, based on the
information in the original file. A spectrum converted from a Multipak file
specifying an aluminium anode, when displayed in the active tile, causes the
Element Table property page of the Element Library dialog window to offer
those library entries with excitation source Al. Auger transitions with
excitation source label ANY will also appear in the element table.
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Modifying an entry displayed in the element table is achieved by placing the
cursor over the name field and right-clicking the mouse.
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Edit Entry

action allows entries to be
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The modified element library is written back to file only on exit from the
CasaXPS main program. A file dialog offers a means of specifying the
directory and name for the modified element library file. To make the
modified element library file the default element library, move the file to the
directory containing the CasaXPS executable and ensure the base name of
the library file matches the base name of the executable.

¥ Casa2315DevB2 [[=1[E3)

File Edit Yew Favorites Tools Help

QBack - ? /'__ ) Search Folders Elv

Address |35 C\Documents and SettingsiMealiMy DocumentsiworkingDirlCasaz315DevE2\Casaz315heviz % | |zd Go

| Mame Size | Type
§ 2
File and Folder Tasks 2 () CasanPs.BAT File: Folder
9 Mk a now Fokder ) CasakPs. CQL F!Ie Folder
_ ) |)CasaxPs.DEF File: Folder
6 Pubish this folder to () CasadPs.HLP File Folder

the Web

ted Share this Folder ' Fil: Folder
Fi[Casarps]exe 3,744 KB Application
ScasaiFs. iib 420KE  LIE File

Other Places B 18KE  LIB File
@ CasaiP5_mass.lib 49KE LIE Filz

|3 Casazilshevaz CasaxPS_quant.lib 1KE LIEFile

'D Iy Documents casa¥Ps_scofield.lib 316KE LIEFile

= SR [ Formulae.lib 21KB LIEFile

'J [y Gty [Z] Formulae. bxt ZKB Text Document
bk >

When preparing entries in the CasaXPS element library suitable for use with
PHI data, it is important to ensure the name field in the CasaXPS library entry
matches the region string used by the PHI acquisition software. The RSF
entered into a newly created region or component will be extracted from the
element library by matching the element/transition fields in the VAMAS
blocks to the name-fields in the element library. For modern version of the
PHI acquisition system, the acquisition names for the spectral regions
typically match the default names used in the CasaXPS library. Older PHI
systems tend to use a naming convention not so informative and so it may be
necessary to adjust these strings to conform to the name-strings in the
CasaXPS library or adjust the name strings in the CasaXPS library to match

those used in the PHI data files.
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Examples of the older PHI conventions are Fel meaning Fe 2p and Crl
meaning Cr 2p. An alternative to manually adjusting these strings to match
the element library name-fields is to configure an automatic assignment for
the data converted from the PHI data files.

Automatic Adjustment of Acquisition Names

Version 2.3.15 of CasaXPS includes an option for automatically adjusting the
names used by older version of the PHI acquisition system to match the
name-fields in the element library. A configuration line added to the
CasaXPS.DEF/ParameterFile.txt file
acquisition parameters associated with the regions defined in the Multipak

instructs CasaXPS to examine the

files to determine the appropriate element library entry for the data.

File Edt View Favotes Tools  Help

Q- Q @ ) search Folders  [T23]-
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&) Fublizh this file to the
ety

) E-mail this file
<2y Print this filz
¥ Delate this file

Other Places
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RegionQuantTable. bt
[Z] settings.txt

? B ParameterfFile.1xt - Notepad
~ | File Edit Format View Help
% phi fix xps frr er A~

ror
2 carrect for angular distribution
Il

update phi element transition fields |

tof lineshape @ LACG, 5,00
tof dm factor = 200.0
tof dm offset = 0

To enable this option, the text string:

update phi element transition fields
must be added to the ParameterFile.txt file in the CasaXPS.DEF directory.
Once CasaXPS is restarted, each PHI Multipak file when converted through
CasaXPS will be labelled using the most appropriate element library entry for
the data.
The configuration option transforms the original names for the acquisition
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regions:

SpectralR egDef: 4
SpectralRegDef: H
SpectralR eghef: §
SpectralR eghef: 7]
SpectralReghef: 5
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4412
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To element/transitions strings matching the element library entries:

N = e o= 1 e el S B AL

EDIT
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15 CrZp3 Fezp47 | Cu2p9l | Al2s135 [Ar2p179 | O 15223 | C1s267 | N1s311 1 4f 355
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Creating Quantification Regions

A typical multiplex Multipak data file includes a survey spectrum together
with a set of high resolution narrow scan spectra. To create a quantification
table from these data, the simplest approach is based on quantification
regions. Quantification regions specify how to compute the intensity for a
particular transition and therefore form the basis for measuring the
elemental composition of a sample. Often the energy resolution used to
measure a survey spectrum is sufficient for obtaining an elemental
quantification for a sample.

Quantification for a polymer sample measured on a PHI 5000 Versa Probe
will be used to illustrate the features in CasaXPS.
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Quantification of a Survey Spectrum

The polymer sample is a fluorinated HDPE material. The survey spectrum
shows significant evidence of fluorine, oxygen and carbon. The bare
minimum requirement in terms of relative sensitivity factors is therefore RSFs
for the transitions F 1s, O 1s and C 1s. The default CasaXPS library can be
made to form the skeleton for a library suitable for Multipak data by
changing the RSFs previously assigned Scofield cross-sections to have zero
values. The transitions for which RSFs are required are added to the skeletal
file using a spreadsheet program and saved as a TAB delimited ASCII file.
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When loaded into CasaXPS, the new library file offers only three non-zero
RSFs for F 1s, O 1s and C 1s.
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Creating quantification regions is performed

explicitly the
Quantification Parameters dialog window, however for survey spectra the

using

Element Table property page or the Periodic Table property page on the
Element library dialog window provide a quick means of creating regions
directly from the element library information. To create a set of regions:
1. Using the Element Table or the Periodic Table property pages, place
peak markers on the survey spectrum.
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2. Press the Create Regions button.
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Quantification regions created using the Element Library dialog window
ensure RSFs are extracted from the element library appropriate for the name
used to label the region. The user is still responsible for ensuring the named
region spans the appropriate peak or, in the case of the double pairs, peaks.
A simple mechanism based on the zoom-list maintained for the active tile
permits the region limits and suitability of the background for the peaks
selected for quantification to be assessed and adjusted. After the regions are
created, pressing the Reset toolbar button loads the set of regions onto the

zoom-list.

= | I{'|I 3¢

EARARHENP

v

Subsequently, each time the zoom out toolbar button is pressed, the display
in the active tile offers a close-up view of a region.
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If the Region property page is top-most on the Quantification Parameters
dialog window, adjustments to the region limits can be made using the
mouse or directly via the text-fields on the property page.
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Use of the Create Regions buttons on the Element Library dialog window also
causes the creation of an annotation table.

30 Name Pos. FWHM Area At%
O1s 5340 52443 114496 1.86
C1s 2910 33282 968468 3668

05 F1s 688.0 28400 5167.375 6146

The format and position of the annotation table are altered via the
Annotation dialog window.
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Quantification of the survey spectrum requires the correct sensitivity factors
corresponding to the transmission correction for the instrument recording
the spectrum. Multipak data files include the information about the
transmission function in the header section of the file. When the Multipak
file is converted by CasaXPS, the transmission function is added to the
VAMAS file and automatically included in the calculation of the atomic
concentrations reported for the spectrum. The transmission function is
added as a second corresponding variable to each VAMAS block; the first
corresponding variable contains the spectral data. To view the transmission
function the keyboard key sequence Control + Page Up steps upwards
through the corresponding variables, while Control + Page Down causes the
reversal of the Control + Page Up step.
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While the Multipak data include these transmission functions, PHI
recommend good practice dictates that quantification is performed based on
data recorded using the same lens mode and pass energy; a recommendation

endorsed here and appropriate for all XPS data regardless of instrument
origin.

Quantification based on Narrow Scan Spectra
Multiplex data appear in an experiment frame as a row of VAMAS blocks.
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The simplest way to add regions to a set of multiplex data is to select the
VAMAS blocks corresponding to the narrow scan spectra in the right-hand

pane of the experiment frame before pressing the Add Regions toolbar
button.
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One region is added to each narrow scan spectrum for which the VAMAS
block is selected in the right-hand pane. The RSF and name for each region
created by this means is determined from the element/transition VAMAS
block fields. It is therefore important to ensure these are correctly assigned
prior to pressing the toolbar button.

Quantification reports generated from the Report Spec property page of the
Quantification Parameters dialog window require the VAMAS blocks to
appear in the same row in the right-hand pane.

B Quantification Parameters

Regions l Components ] Data Edito Feport Spec. §RPT Report l
Standard Reportsz
v Use Canfig File
Regions | Comps [~ Use Profile Format
Regions and Comps | Combined YWith Tags ‘
Cuztom Repart
Quantification ltem Names "~
Cls
Fis
M1z
01z “
Reqgions | Cormpz | All |
Clear
Ratic Region | R atio Comp | Ratio Al
Mames | Formula |
Area Repart ‘ Height Repart | Taq Defined Fepart |

A texted based report is generated from the Standard Report section on the
Report Spec property page. The contents of the report are determined by a
configuration file and appear within CasaXPS as an additional window. To
generate a report from a set of VAMAS blocks:
1. Select a row of VAMAS blocks for which quantification regions are
defined.
2. For a report generated from quantification regions, press the button
labelled Regions in the Standard Report section of the Report Spec

property page.

State of the selection before pressing the Regions button:
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State of the display after pressing the Regions button:
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Cis5 Cis 2912 16289.9 0.314 18.7537 39.22
- aes
Fiegions | Components | Data Editor  Feport Spec. }HPT Fieport |
Standard Reports
¥ Use Config File
Rz Comes | [ Use Profle Format
Regions and Comps | Combined With Tags ‘
Custom Fispor
Quantiication ltem Names -
Cis
Fls
N
0s v
Fegians ‘ Comps ‘ 2l |
Clear
Riatio Regian | Fiatio Camp ‘ Ratio &1 |
Mames | Formula [
3 Area Repott | HelghtHapnlt‘ TagDelmadHepmt| 5

The quantification report contains the results for only three of the six spectra
selected in the right-hand pane even though all the spectra have regions
defined. The reason only three of the intended six regions are included in the
report is because the skeletal element library only contained non-zero RSFs
for O 1s,C1sand F 1s. The N 1s, S 2p and Si 2p RSFs are all zero in the library;
therefore the quantification regions for these data were assigned zero RSFs
too. Any region with a zero RSF is excluded from any quantification report. To
remedy the problem, the regions must be updated with the appropriate non-

zero RSFs.
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The N 1s data can be updated using the value for the RSF listed in the PHI
Manual; however the S 2p and Si 2p regions differ from the manual entries
for the RSFs due to angular distribution intensity variations; since the 45°
angle between the x-ray source and the analyser of the Versa Probe used to
collect the spectra differs from the magic angle, the RSF value becomes
instrument dependent and must be calculated from the library RSF. To make
the modification to the PHI Manual RSF value for a p-orbital, the manual RSF
should be entered into the CasaXPS library and the quantification region RSF
updated in turn from the value stored in the CasaXPS element library.
To enable the modification of RSFs based on the instrument geometry, a
configuration entry must be added to the file named ParameterFile.txt
located in the CasaXPS.DEF directory. The string:

correct for angular distribution
must be entered onto a separate line of the configuration file:

B ParameterFile.txt - Notepad
File Edit Format Wiew Help

Correct tor angular distribution e
update phi element transition fields
tof lineshape @ LA(CH,5,0)

o]

tof dm factor 200,
tof dm offset 0

by average width = 1

The element library entries for N 1s, S 2p and Si 2p can be updated as
described above. Once entered into the CasaXPS library, the values for the
RSF fields in the quantification regions are also updated using the name field
for the region. Enter the name used in the element library for the name field
in the region and add the # character as a prefix.

B Quantification Parameters

Regions l Eumpnnents] D ata Editu:ur] FRepaort Spec. ] RPT Fiepu:urt]

|S 2phk [ Calc Max

Fegions: 7 = [
Marne
R.5F.
Start
End

After the Enter keyboard key is pressed, the name field is entered into the
region without the # character and the RSF is updated with the corrected RSF

value.
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Reqgions i,

Mame R
RSF 0819531

Chmek N =T I
The retrieved RSF is modified appropriately from the value for the S 2p

entered into the CasaXPS library:

M Element Library E”E|E|

Element T able l Periodic Table] Iriput Filel E xact Mass]

Mame | Erergy | FwHM | RSF | LineShia
Cs 4pl/2 172 1 0 GLEC
Te ds 168 1 0 GL{C
Se 3p1/2 168 1 0 GL{C
Erdd5/2 166 1 0 GLEC
Erdd 168 1 0 GL[3C
fic 5p3/2 167 1 0 GLEAC
4 Bp 167 1 0 GLEC
=iy 1EF il Il Sl

5 2p 164 1 [ on7 ] GLac |
o Lpad LT | il GL[aL
Fin 5p1/2 164 1 0 GLEC

Bi 4i5/2 163 1 0 GLEIC v
< | *

[ Zoom When Line 5 elected Find Peaks
[ Create when Line Selected -

} Create Reqgions
[ Use Library P/HR

Clear &l Elements | Edit Block Species/Tranz
| 166,888 : 363,396 Edit Source &nalpzer Angle
#7+| #7-|  Ovellay LinkedVBs | Display Linked VB |

After repeating the process of updating the RSFs for each of the Si 2p and N
1s regions, the quantification report generated using identical steps to those
above produces the report containing results for all six spectra.

CasaXPS Licensed to:A1 CASA - [i_1a0003_1.vms:2] (=3
"] File Window Fonts Help -8 x
D o] G B s | e G ] =] [ | e e 2 ] ]

= . ] S Y B P 2 e s =1 T ] Y 3
Block 14 [ Mame [ Pasition [ Raw Area [ Library RSF Transmission %At Conc
Flsz Fls 5683 849278 1 20,4036 5873
o153 o1s 5343 1796.94 0.733 19.7149 175
Nis4 His 392.1 149,945 0.499 19,1342 02z
Cis5 Cis 1.2 162899 0314 18,7537 39.03
seps s2p 1843 51,3283 0819531 15,3099 00s
Sizp7 Sizp 1014 117,655 0.42872 18,1032 0zt
< >
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Quantification of Thermo Scientific Data

The last ten years have seen the XPS technique develop from a technique
used predominantly by experts of XPS to a tool used by application oriented
scientists. The emergence of instruments such as the Thermo Scientific K-
Alpha shows that there is a place for an instrument with a high performance
to cost ratio and lower cost of ownership. Instruments with these
characteristics offer a route for the XPS technique into application areas
previous limited by the constraints of expensive high performance
technology. There will always be a place for high performance systems run by
experts, but these new low cost XPS systems can only be good for surface
science.

The data from the Thermo Scientific K-Alpha is supported in version 2.3.15 of
CasaXPS, where a number of enhancements are included to streamline the
conversion and processing of the new ASCII files. The ASCII files exported
from the K-Alpha include a new flag to indicate whether or not the intensities
are corrected for transmission. Version 2.3.15 of CasaXPS detects the new
flag and converts the ASCII file to the ISO 14796 format using the counts-per-
bin computed from the transmission corrected data. The necessity of
returning the data to counts-per-bin lies in the assumption that the noise in
the data is governed by Poisson statistics, which is required when measuring
the goodness-of-fit and when performing Monte Carlo error analysis on peak
models. The ISO file written by CasaXPS includes both the counts-per-bin and
also the transmission functions from the ASCII file, therefore quantification of
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the spectra in CasaXPS proceeds exactly the same way as for other data
acquired using the Thermo Avantage data system.

An attractive feature of the K-Alpha is the possibility of combining a new
resource with existing high performance instruments, either in-house or
available from external laboratories. To accommodate the use of more than
one instrument, data converted from a K-Alpha have a unique source label
assigned to each VAMAS block and hence entries specific to the K-Alpha can
be added to the CasaXPS element library. This feature permits the default
CasaXPS library to offer the appropriate RSFs for data from different
instruments.

0

=| & @ ﬂ provides a further means of creating
guantification regions for a set of VAMAS blocks based on the
element/transition fields in the VAMAS blocks. When converted from the

Avantage ASCII files, the spectra are assigned the element/transition fields

A new toolbar button

based on the name assigned to the data. For example, a carbon 1s transition
might appear in the Avantage data file with the name “C 1s Scan” or “C 1s
Snap”, depending on the acquisition mode. On conversion to ISO format
through CasaXPS, these strings are used to extract the element “C” and
transition “1s”. Armed with these strings, the new toolbar button identifies
the entry corresponding to the photoelectric line in the element library and
uses the element library information to create regions for each selected
VAMAS block correctly assigned in terms of element/transition.

Converting Avantage Data

Data from the K-Alpha are exported from the Avantage system as ASCII files.

These ASCII files can be converted as follows.
B Survey.avg - Notepad @@@

Fie Edt Format View Help

3 ~
soump of pataspace 'Fi\snap_testhsnap-survey'\x-RayUlo 400um - FG OFFhplatten\Survey.vGD'
§oon 13/5/2008 at 10:17:23

s [vote that this file can be reloaded only if certain syntax rules are woT broken]

$FORMAT=3

; Summary Properties present:
$PROPERTIES=SUM

DS_EXT_SUPROPID_TITLE i WT_BSTR = 'survey’
_EXT_SUPROPID_SUBIECT : WT_BSTR = 'wvG scientific acquisition datafile’
_EXT _SUPROPID_AUTHOR : VI_BSTR = 'wvgengineer'
_EXT_SUPROPID_COMMENTS ¢ VT_BSTI v
_EXT_

AT _SUPROPID_CREATED : VT_DATE = 12/5/2008  17:08:17
¢ WT_DATE = 12/5/2008  17:07:56

DS_EXT_SUPROPID_SAVED

;Standard Properties present:
$PROPERTIES=STD
DS_GEPROPID_INSTRUMENT : VT_BSTR = 'Alpha’
D5_GEPROPID_SOURCE_TYPE tyTId =1
D5_GEPROPID_GUID
DS_GEPROPID_SOURCE_GUID
D5_GEPROPID_EXPT_RUN_GUID
D5_GEPROPID_WALUE_TYPE
D5_GEPROPTD_WALLUE_LABEL
D5_GEPROPID_VALUE_SYMEOL
D5_GEPROPID_VALUE_UNIT
DS_DATASTORAGEID_DATA_STORAGE_METHOD
S_SOPROPID_STYFE

VT_BSTR = '{B33AACOE-1008-4617-Aa24-A242506ABFLE}"
VT_BSTR = '{B33AACOE-1008-4617-AA24-A2A2 SOEABFLE]}
VT_BSTR = '{5C4C37CE-8610-4F03-857A-FSAFETE49CA3}
VT4 =11

VT_BSTR = 'Counts'

VI_BSTR = 'C’

VI_BSTR = '*

VT_I4 =0

V14 =10

VI_BOOL = True

VT_R4 = 1486, 680054

VT_R4 = 12000.000000

VIR = 0.006000

VT_R4 = 400.000000

VI_R4 = 400.000000

VT_I2 =9

S _SOPROPID_ENERGY
DS_SOPROPID_VOLTAGE
DS_SOPROPID_CURRENT
_SOPROPID_WIDTH
5_SOPROPID_LENGTH
DS_SOPROPID_GUN
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Thermo Scientific Avantage Files

The Avantage binary files must be converted via an Avantage utility program
(DataSpace_BatchDump.exe) to ASCII equivalent files. These ASCII files are
created with the file extension .avg and can be converted to ISO 14976
(VAMAS) format using the Convert to VAMAS dialog window available from
the File menu or the top toolbar of CasaXPS:

1. Using the Avantage utility program DataSpace BatchDump.exe,

convert all the .vgd binary files for an experiment to .avg ASCII files.
. Select the Convert to VAMAS dialog window in CasaXPS either using
the toolbar button or via the Convert menu item on the File menu.

CasaXP5 Licensed to:A1 CASA - [steel
N Yiew indow Options  Select Help

Mew Chrl+Hh
Cpen... ChrlHHO

Carrvert.., 1]

Close

T

Save As..,

. Move to the directory containing the .avg ASCIl files; the
DataSpace_BatchDump.exe program offers the user the choice of
where the ASCII files should be created.

Convert to VAMAS file K3
Laok jn: |_.'l Scan 0 ﬂ &5 EE-

Cls Scan_0.avg
CrZp Scan_0.avg
FeZp Scan_0.avg
Mizp Scan_0.awg
O1s Scan_0.avg

File name: |stee|_highres.avg
Files of type: |4l Files [ *] = Cancel

4. Enter a name for the new VAMAS file using the file extension .avg and

press the Open button. For example, if you wish to call your new file
sample001.vms, then you should enter sample001.avg into the file
name field on the Convert to VAMAS file dialog window. Each .avg file
found in the current directory will be read and entered into the new
VAMAS file named sample001.vms.

A directory of ASCII files is converted to a single VAMAS file as follows.
Enter the name for the new VAMAS file followed by the file extension avg:
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) Sl -]/ || =|=e] 8 & S]]
e e T el 3

Convert to VAMAS file 2Ix

Look jre [ 23 Sean 0 | o B~

[ 15 5can_n.avg

(= crap scan_n.avg

= Fezp Scan_n.avg

[ mizp Sean_0.2vg

(= 015 Scan_n.avg

File name: | [steel_highres.avg i Open

Files of type: |41 Files [7) -l Cancel

A new ISO file named steel_highres.vms will be created from the set of avg
files in the current directory Scan_0.

CasaXPs Licensed to:A1 CASA - [steel_highres.vms]

Ele View Window Options Select  Help E :l"
0| o | | | | ] o] 5 |0 s G @ - | /|| ||| 6B | |0 ®
D& o |Wim| b ic|oo] 2lalofn|alv| Ee=|@] mlm|e| s ) ] G |
# | | Exp Yatiable Cls CrzZp Fezp Nizp Ols
Cls Scan A
3 &0 ClsScan | Cr2pS.. |Fe2pS... | Mi2pScan | Ols Scan
22 X 10
20 |
18
16
14
0
o
O 12
10
8
6
4]
B R N |
296 292 288 284 280
Binding Energy (eV) =

Note how the base-name for the ISO file is used together with the .avg
conversion switch to instruct CasaXPS to read the set of .avg files in the
directory and converted all the files in the directory to a single ISO format
file. Each avg file in the directory contains two spectra per file, before and
after etching the sample surface, hence the two rows of VAMAS blocks in the
VAMAS file.

Merging Sets of Experiments

The acquisition regions for each experiment are exported into separate ASCII
files with the .avg extension, thus an experiment is typically recorded, once
exported, as a set of ASCII files in a directory. If an experiment is one in a
sequence of experiments, all of which might reasonably be processed as a
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unit, then a further import option allows a set of such data directories to be
converted to a single ISO 14976 VAMAS file.

Given a set of directories each containing exported Avantage data, a new
VAMAS file is created by moving to the directory using the Convert to VAMAS
File Dialog containing these data sub-directories and entering the new
filename with an extension of .mvg.

Convert to VAMAS file @@
Look in: |_} MVG j I'::F Ed-

I 5ample1

) 5ample2

File pame: |buth_samples.mvg Open

Files of type: |A|| Files (".%) j Cancel

A VAMAS file with the extension .vms is created at the level of the directory
containing the data sub-directories. The .avg files found in the sub-directories
are converted and entered into the new VAMAS file with the experimental
variable set to a Data Set index number. The index assigned to the
experimental variable is dependent on the order of the sub-directories when
read. In addition to the Data Set index, the rows are also assigned labels
based on the names given to the sub-directories, which can be view using the
Edit Mode toolbar button.

CasaXPS Licensed to:For Talks - [both_samples.vms]
Fle View Window Options Select Help 5 x

0 5 e | e 2 ] o] | || | x| @) ) =] 5] 2

ole|am(E| (i< 2leloltaly] Elz]|m] s/l w) ] elmls]2]
Seynibe b A b Ceo Ch [ e e e 0n
ow Sample2 cal 01s Scan

LA N B S B |
298 294 290 286 282

Binding Energy (V) F3 _

Ready c:\documents and settingsineal fairley'my documentsworkingdir\data \xps\customer data\rohm&haasimvalbo

Quantification

The principal features used to quantify data from the K-Alpha can be
discussed using survey spectra:
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Element Library Excitation Source String

The following is a survey spectrum measured using a K-Alpha instrument,
exported to ASCIl format and converted to ISO format using CasaXPS.

Survey
Exp Variable 60d  Accpuired On: 20087 512 17:8:59
Source: KCA1486  Pass Energy: 100
Total Acoisition Tirae 1.134 (mins) (500 (ras) x 1 x 1361)
Mame  Pos.  FWHM Area A%
i Cls 2851 36202 16232436 592
50 | Ni 2p3 0 ls 5311 35534 128115717 1595
Mi2p3 8531 2.0220 682456.247 17.05
Fel2pl 72001 27086 500241.528 3238
Crip 5741 255211 1914540992 32851
40 |
Fe 2p1
T
o
-
= 30 _|
7]
['R
(W]
Cr2p
20|
10
O1s
Cils
T T T T T T T T T T T T i
1200 900 600 300 0

Binding Energy (eV)
CasaXP5

The header above the spectrum includes the source string assigned by
CasaXPS for the aluminium anode, namely, KA1486. The significance of the
unique source string assignment for the K-Alpha data is that the KA1486
string allows a set of element library entries to be prepared for use with the
K-Alpha data. When a spectrum is displayed in the active tile in CasaXPS, the
element library entries visible on the Element Table property page are
selected based on a match between the source string stored in the VAMAS
block for the spectral data and the Excitation Source string located in the
element library file.

B Element Library

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

Name | Enemy R.SF. | Ex. Source | FHement ~
La MNN 264 68 0 Any La

Mi 2p 864 22 KA1486 i

Ce MN5 863 68 10 Any Ce

MNe 1s 863 6.3 KA1486 Ne

F KL2 26068 0.1 Any F

La MN2 85768 007 Any La

[ 2p3 | 855 146 KA1486 Ni

La 3d3 851 155 KA1486 La

Pu 4d3 850 118 KA1486 Pu

Mn LM1 845 68 0.16 Any Mn
Fe2s 847 457 KA1486 Fe

T ds 845 155 KA1486 m v
< >

[~ Zoom When Line Selectsd Find Peaks
[ Create When Line Selected

’ Create Regions
[ Use Library FWHM

Clear Al Blemerts Edit Block Species/Trans |

Edit Source Analyser Angle |

852.892 : 457410
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The element library file may contain entries for use with different
instruments, and provided the excitation source strings are different for the
different instruments, only those entries appropriate for a given instrument
will be displayed in the element table. Thus, if a laboratory owned a PHI
Quantum 2000, say, and also a Thermo Scientific K-Alpha, the element library
entries for the PHI instrument could be populated with the excitation source
strings Al while the K-Alpha will be assigned KA1486. On loading data from
the PHI Quantum, CasaXPS will use and display only the entries with
excitation source Al, while similarly K-Alpha data in CasaXPS cause the display
of the K-Alpha sensitivity factors on the Element Table property page.

Transmission Function

The transmission function for the K-Alpha is included in the ISO file created
by CasaXPS. To view the transmission function in CasaXPS, hold down the
Control key on the keyboard and press the PageUp or PageDown keys to
switch between a display of the transmission curve or return to the spectral
data. The transmission function for the survey spectrum above, when viewed
in CasaXPS, appears as follows.

Survey

Exp Variable 60d  Acouired O 2008 5112 17:8:59
Somme: KA1486  Pass Energy: 100
Total Acquisition Time 1134 (mins) (50.0 (ms) x 1 x 13613

Spectrum Index [vb1 ,1]
125 ]

120

-
jry
o

Transmission x 102
N
=
(=)

105

100 ]

95 ]

90

T " " T " T T " T T
300 600 200 1200
Kinetic Energy (eV)
Clasa¥PS

The quantification table annotating the spectrum computes the atomic
concentrations using the raw area for each peak assigned a quantification
region. CasaXPS divides the raw background subtracted area by the
transmission function and the relative sensitivity factor, then applies the
energy dependent correction calculated from the energy exponent (entered
on the Regions property page) to the adjusted peak intensity.

318



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2009 Casa Software Ltd

B Quantification Parameters g|§|®

Regions l Components] Data Editor] Fiepart Spec. ] RPT Hepolt]
[Surved [ Calc kax
Regionz £ B C O~
Mame Cls 01s Mi 2p3 Fe 2p
RSF. 1 293 14.6 [
Start 11971 94771 £22.1 7hE. 2
End 1208.1 958,962 | E37186 | VFO0.4E
BG Type Lirear Shirley Shirley Shirle
Ay, Width 2 0 0 0
St Offget I 0 0 I
End Offzet 0 0 0 0
Cross Se.. | 299,54 | 299,54, | 293 .54, | 299 .5
Tag Cls 01s Mi 2p3 Fe 2p
Area 162324 | 1281157 | £82456.2 | GO024
Std Devw ... 0 0 0 0
freabim 3.E202 356345 | 202234 | 2708
Poszition 1201.E 9556 E33E TEE.E
% Conce... 5.92 15.95 17.05 32,5t
tax Height| 46443 33BE9.6 | 1829437 | 122100
it Height | -B56.9 0o 0.0 B
< >
Create | Calculate Ermor Bars | Delete |
Create From Labels | Save Regionz ... | Copy and Paste |
Intenzity Calibration Temhlaes
W Automatic  [-0E Undate
y STO| RCL| RST

The default energy dependent exponent for the K-Alpha used with the
Scofield cross-sections is -0.6; the value used for the K-Alpha data is
configured in the CasaXPS.DEF/ParameterFile.txt file, so other values for the
exponent are possible. An example of the ParameterFile.txt file illustrates the
configuration entry used to define the default value for the energy exponent.

I ParameterFile.txt - Notepad [ZI[EI[‘S_TI
File Edit Format View Help

clip concent

muankber of decimal places concentration = 1
number of decimsl places ares = 2
numker of decimzsl places fwhm = 3
munker of decimal places position = 2
propagete components only

ocrdinate input lakel :CPBES

ocrdinate new lakel :Intensity (%3 CES)
bg average width = 3

The highlighted line specifies the energy exponent added to the data when
converted from the Avantage ASCII files.

Preparing an Element Library for use with the K-Alpha

The Avantage element library information is stored in a Microsoft Access
database file. The libraries supplied with Avantage are covered by the
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Avantage software license agreement and the original libraries or any
converted formats must not be distributed. However, Thermo have made
the library format available to enable individual users to obtain consistent
results between Avantage and CasaXPS.
Using Microsoft Access to open the .mdb file, select the Peaks table and copy
the table into Excel. The Peaks table, viewed in Excel, can then be written to a
Tab Delimited ASCII file for use in CasaXPS. Once the Tab Delimited ASCII file
is available, the sensitivity factors from the Avantage system are loaded into
CasaXPS using the Input File property page on the Element Library dialog
window:

1. Use the Browse ... button on the Input File property page to identify

the Peaks table file written from Excel.

M Element Library

Element T able 1 Periodic Table  Input File l Exact Mass]

File Type
(+ CazaxPs lib " Kratos lib

551 Type 1 " 55 Type 2

" KALlib " Simple T able

" REBD Table I WG Av, Soofield I
I WG Ay, Wagnerl " JEOL AES

Load Merge

2. Select the VG Av. Wagner or VG Av Scofield radio buttons on the same
property page, depending of the sensitivity factors desired.

3. Press the Load button to replace the current CasaXPS library with the
values from the Avantage Peak table file.

4. Exit CasaXPS, at which point CasaXPS will prompt for the filename used
to save the modified element library. Save the element library to a new
filename, e.g. CasaXPS_AvScofield.lib.

5. Open the newly created library file in Excel and globally change the
source label strings as follows. The newly created file will contain rows
for each transition in the original Peaks table file which will include
entries for both Al and Mg anodes. Globally change the Al anode string
to KA1486 and the Mg anode string to KA1253.
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6. If another instrument using different RSFs is also in use, in Excel, open
the current CasaXPS.lib file located in the CasaXPS directory containing
the CasaXPS.exe executable file. Copy the entries from the newly
created and source label adjusted CasaXPS formatted file
corresponding to the K-Alpha library into the Excel file containing the
current CasaXPS.lib file. The resulting spreadsheet should contain all
the existing enters followed by all the entries from the Avantage file in
CasaXPS format. After saving the resulting table of CasaXPS formatted
entries to file, the combined file will need to replace the default
CasaXPS library file called CasaXPS.lib in the directory containing the
CasaXPS.exe executable file.

Once the new element library is prepared and in the correct location,
CasaXPS will need to be restarted and data from each type of instrument
examined. Load a spectrum from each of the instruments involved, open the
Element Table property page and click on the tile displaying the spectra.
Ensure the Ex. Source column displays the correct anode label for the data
being viewed and also the RSF column is appropriate for the spectrum in the
active tile.

Given an appropriate element library prepared as described above, data from
either instrument will be quantified in exactly the same way. Each time a
region or component is created using the element library, the appropriate
RSF for the data will be retrieved from the combined element library.
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Quantification of JEOL XPS Spectra from SpecSurf

The quantification procedure used by the JEOL SpecSurf software involves
modifying the Scofield cross-sections to account for both an energy
dependency and also angular distribution corrections. However, to reproduce
the quantification tables in CasaXPS produced by the JEOL SpecSurf software,
it is sufficient to use an energy exponent equal to -0.2, entered on the
Regions property page, and the unaltered Scofield cross-sections for the RSF

values.
CasaXPS Licensed to:A1 CASA - [ctfe ntfe.npl] (=13
[ File View ‘Window Options Select Help mEES
D| 5| oI B o i | e | B | | |1 | O =/ v =EE| @ & Sl
Oe(=m(E@| il 2laolnaly] EE|w|E] DT mie] ] w0 E] 5
osition e

Position 1 Acquired O 2008/ 325 17:10:21 -
Source: eray (AIKa) (300 W) Pass Erergy: S0 Magn: 1 WF: 448
Total Acquisition Time 26.693 rains) (200.0 (xes) x £ x 1001)

Regions | Components | Diata Editor | Repot Spec. | AFT Repot |

Name Pos. FWHM Area At% [1stblock id: 1.1.1.1 I™ Calc Max
18| O1s 5320 29497 24784572 866
C1s 2850 3.7276 57142502 5848
16| F1s 688.0 2.5068 29001500 6.70
Sizp 1000 22089 20881977 26.16
14 | L

-

C1s

w [
<

Si2p

Ceste | CaubteEnoBas | pels |

Bt i Lzl \ e e | Eamerd Paslel

Intensity Calbration
— ' Copy Names|
1000 800 600 400 200 0 I Automatic Update ﬂ ﬂ M

Binding Energy (eV) 5

While the reported RSFs will not match in absolute terms, the relative RSFs
are the same between the two systems and therefore the quantification
tables will be identical (assuming the same calculated peak areas and
positions for the peaks).

Although the infrastructure for adjusting the RSFs for angular distribution is
in place for the JEOL software, the current JEOL system sets the asymmetry
parameter to unity and therefore the angular distribution function returns
the same value for all transitions, hence the Scofield cross-sections are all
scaled by the same factor. The only significant adjustment to the
quantification values derive from the energy dependency. The actual
modifications to the Scofield cross-sections applied by the JEOL system can
be fully reproduced in CasaXPS version 2.3.15, where a set of configuration
parameters defined in the ParameterFile.txt file in the CasaXPS.DEF directory
control the calculated RSFs. When initialised using an angle of 56° between
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the x-ray source and the analyser, and an energy exponent of -0.2,
numerically equivalent RSF values are reproduced in CasaXPS. The following
table are results from CasaXPS.

Name | Position | Library RSF | Total RSF | Raw Area | %At Conc
Cls | 284.7 1.01548 4.19415 | 6367.69 58.1

N1ls | 401.2 1.82786 7.39709 | 78.6979 0.4
O1ls | 5324 2.97535 11.7345 | 2740.05 8.9
F1s 688.6 4.49857 17.1189 | 3212.83 7.2

Si2p 100.4 0.829645 3.5258 2337.71 25.4
The RSFs should be compared to the RSFs reported for the same data by the
JEOL software:

Element State Sengzitivity
C |1z - | 42586

H - |1z - | 75129

] |1z | 11.9144
F |1z - 173911
Si x| 2p3/2 x| 35270

The small differences between the total RSFs reported by CasaXPS and those
from the JEOL software are due to different peak positions between the two
systems, probably due to slight differences in the background definition.

In order to obtain quantification tables from CasaXPS consistent with the
JEOL software, it is necessary to add lines to the ParameterFile.txt file in the
CasaXPS.DEF directory as follows:

! parameterFile.txt - Notepad E]@El

File Edit Format View Help

clip concent 4
numker of decimel places concentration = 1
nurker of decimal places area = 5

number of decimel places height
numker of decimal places fwhm =
numbker of decimal places position = 2
ordinate input label :CEBS

ocrdinate new label :Intensity (%3 CES)
Jeol engular distributio:
defeult source analyser angle = 5&6_0

4

rl

meen free path = -0.2
kratos kal file: include ocbkject number
bg = shirley

The JEOL element library includes the asymmetry parameters and therefore,
should these be implemented in future releases of the JEOL software the line
in the ParameterFile.txt file “jeol angular distribution” would need to be
changed to “correct for angular distribution”. With this adjustment, CasaXPS
would extract RSFs from a Scofield library to include the full angular
distribution correction.
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The theory behind the use of angular distribution correction is discussed in
detail elsewhere in the CasaXPS manual. An outline of the procedure will be
given below.

The default CasaXPS library is populated with Scofield cross-sections. These
Scofield cross-sections are computed from Hartree-Slater wave-functions and
therefore are appropriate for an XPS instrument designed with the, so called,
magic angle between the x-ray source and the analyser axis. Given the angle
between the x-ray source and the analyser, a correction can be made to
these magic angle RSFs appropriate for the given instrument. The
configuration file method for specifying the require angle for the JEOL
instrument, which is 56° is shown below.

A LILE LS LUEW LSS . LlLTILS L Ly L 83 S
Jecl angular distributio

defeult source enelyser angle = 5&.0
mean free path = —-0_.2

Each time one or more files are opened in CasaXPS for which the angle has
yet to be set, a dialog window prompts the user for the missing angle and
offers the configured angle as the default.

Once a file is updated with an entry in the VAMAS file comment of the form
“SourceAnalyserAngle: 56.000000 d”, the source to analyser angle is defined
for that file. When coupled with the configuration entry, “jeol angular
distribution”, the magic angle Scofield cross-sections from the element
library will be adjusted each time an RSF is extracted from the element library
for use with a Region or Component. The Total RSF in the table above
calculated by CasaXPS is computed from the RSF in the Region or Component
multiplied by the energy dependence defined by the value in the text-field on
the Regions property page.
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XPS Spectra

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

———1 Detector
e —"1
Transfer ——
Lenses [———
s m—
===
X-ray
-
ﬁfﬁr Gun
'!"Irhu
Sample

Figure 47: Schematic of an XPS instrument.

The basic mechanism behind an XPS instrument is illustrated in Figure 47.
Photons of a specific energy are used to excite the electronic states of atoms
below the surface of the sample. Electrons ejected from the surface are
energy filtered via a hemispherical analyser (HSA) before the intensity for a
defined energy is recorded by a detector. Since core level electrons in solid-
state atoms are quantized, the resulting energy spectra exhibit resonance
peaks characteristic of the electronic structure for atoms at the sample
surface. While the x-rays may penetrate deep into the sample, the escape
depth of the ejected electrons is limited. That is, for energies around 1400
eV, ejected electrons from depths greater than 10nm have a low probability
of leaving the surface without undergoing an energy loss event, and
therefore contribute to the background signal rather than well defined
primary photoelectric peaks.

In principle, the energies of the photoelectric lines are well defined in terms
of the binding energy of the electronic states of atoms. Further, the chemical
environment of the atoms at the surface result in well defined energy shifts
to the peak energies. In the case of conducting samples, for which the
detected electron energies can be referenced to the Fermi energy of the

spectrometer, an absolute energy scale can be established, thus aiding the
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identification of species. However, for non-conducting samples the problem
of energy calibration is significant. Electrons leaving the sample surface cause
a potential difference to exist between the sample and the spectrometer
resulting in a retarding field acting on the electrons escaping the surface.
Without redress, the consequence can be peaks shifted in energy by as much
as 150 eV. Charge compensation designed to replace the electrons emitted
from the sample is used to reduce the influence of sample charging on
insulating materials, but nevertheless identification of chemical state based
on peak positions requires careful analysis.

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

The first issue involved with quantifying XPS spectra is identifying those
electrons belonging to a given transition. The standard approach is to define
an approximation to the background signal. The background in XPS is non-
trivial in nature and results from all those electrons with initial energy greater
than the measurement energy for which scattering events cause energy
losses prior to emission from the sample. The zero-loss electrons constituting
the photoelectric peak are considered to be the signal above the background
approximation. A variety of background algorithms are used to measure the
peak area; none of the practical algorithms are correct and therefore
represent a source for uncertainty when computing the peak area. Peak
areas computed from the background subtracted data form the basis for
most elemental quantification results from XPS.
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Figure 48: An example of a typical XPS survey spectrum taken from a compound sample.

The data in Figure 48 illustrates an XPS spectrum measured from a typical
sample encountered in practice. The inset tile within Figure 48 shows the
range of energies associated with the C 1s and K 2p photoelectric lines. Since
these two transitions include multiple overlapping peaks, there is a need to
apportion the electrons to the C 1s or the K 2p transitions using a synthetic
peak model fitted to the data. The degree of correlation between the peaks
in the model influences the precision and therefore the accuracy of the peak
area computation.

Relative sensitivity factors of photoelectric peaks are often tabulated and
used routinely to scale the measured intensities as part of the atomic
concentration calculation. These RSF tables can only be accurate for
homogenous materials. If the sample varies in composition with depth, then
the kinetic energy of the photoelectric line alters the depth from which
electrons are sampled. It is not uncommon to see evidence of an element in
the sample by considering a transition at high kinetic energy, but find little
evidence for the presence of the same element when a lower kinetic energy
transition is considered. Transitions of this nature might be Fe 2p compared
to Fe 3p both visible in Figure 48, where the relative intensity of these peaks
will depend on the depth of the iron with respect to the surface. Sample
roughness and angle of the sample to the analyser also changes the relative
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intensity of in-homogenous samples, thus sample preparation and mounting
can influence quantification values.
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Figure 49: Germanium Oxide relative intensity to elemental germanium measured using
photoelectrons with Kinetic energy in the range 262 eV to 272 eV.

10°

70 ] Ge 3d Elemental

60

50]

Ge 3d Oxide
20]

L s e e e e S S e e B e L
1450 1452 1454 1456 1458 1460
Kinetic Energy (eV)

Figure 50: Germanium Oxide relative intensity to elemental germanium measured using
photoelectrons with Kinetic energy in the range 1452 eV to 1460 eV.

The chemical shifts seen in XPS data are a valuable source of information
about the sample. The spectra in Figure 49 and Figure 50 illustrate the
separation of elemental and oxide peaks of germanium due to chemical
state. Both spectra were acquired from the same sample under the same
conditions with the exception that the ejected electrons for the Ge 3d peaks
are about 1200 eV more energetic that the Ge 2p electrons. The
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consequence of choosing to quantify based on one of these transitions is that
the proportion of oxide to elemental germanium differs significantly. The
oxide represents an over layer covering of the elemental germanium and
therefore the low energy photoelectrons from the Ge 2p line are attenuated
resulting in a shallower sampling depth compared to the more energetic Ge
3d electrons. Hence the volume sampled by the Ge 2p transition favours the
oxide signal, while the greater depth from which Ge 3d electrons can emerge
without energy loss favours the elemental germanium. While these variations
may seem a problem, such changes in the spectra are also a source for
information about the sample.

Tilting the sample with respect to the axis of the analyser results in changing
the sampling depth for a given transition and therefore data collected at
different angles vary due to the differing composition with depth. Figure 51 is
a sequence of Si 2p spectra measured from the same silicon sample at
different angles. The angles associated with the spectra are with respect to
the axis of the analyser and the sample surface. Data measured at 30°
favours the top most oxide layers; while at 90° the elemental substrate

becomes dominant in the spectrum.
Si2p Oxide and Elemental Peaks
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Arbitrary Units
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Figure 51: Angle resolved Si 2p spectra showing the changes to the spectra resulting from
tilting the sample with respect to the analyser axis.
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Other Peaks in XPS Spectra

Not all peaks in XPS data are due to the ejection of an electron by a direct
interaction with the incident photon. The most notable are the Auger peaks,
which are explained in terms of the decay of a more energetic electron to fill
the vacant hole created by the x-ray photon, combined with the emission of
an electron with an energy characteristic of the difference between the
states involved in the process. The spectrum in Figure 48 includes a sequence
of peaks labelled O KLL. These peaks represent the energy of the electrons
ejected from the atoms due to the filling of the O 1s state (K shell) by an
electron from the L shell coupled with the ejection of an electron from an L
shell.

Unlike the photoelectric peaks, the kinetic energy of the Auger lines is
independent of the photon energy for the x-ray source. Since the kinetic
energy of the photoelectrons are given in terms of: the photon energyhv,
the binding energy for the ejected electron E,, and a work function ¢ by the

relationshipE,, =hv -E,, —¢, altering the photon energy by changing the x-

ray anode material causes the Auger lines and the photoelectric lines to

move in energy relative to one another.
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Figure 52: Elemental Silicon loss peaks and also x-ray satellite peak.

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

A further source for peaks in the background signal is due to resonant
scattering of electrons by the surface materials. Plasmon peaks for elemental
silicon are also labelled on Figure 52. The sharpness of these plasmon peaks
in Figure 52 is due to the nature of the material through which the
photoelectrons must pass. For silicon dioxide, the loss structures are much
broader and follow the trend of a typical XPS background signal. The sharp
loss structures in Figure 52 are characteristic of pure metallic-like materials.

Basic Quantification of XPS Spectra

XPS counts electrons ejected from a sample surface when irradiated by x-
rays. A spectrum representing the number of electrons recorded at a
sequence of energies includes both a contribution from a background signal
and also resonance peaks characteristic of the bound states of the electrons
in the surface atoms. The resonance peaks above the background are the
significant features in an XPS spectrum shown in Figure 53.
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Figure 53: XPS and Auger peaks appear above a background of scattered
electrons.
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XPS spectra are, for the most part, quantified in terms of peak intensities and
peak positions. The peak intensities measure how much of a material is at the
surface, while the peak positions indicate the elemental and chemical
composition. Other values, such as the full width at half maximum (FWHM)
are useful indicators of chemical state changes and physical influences. That
is, broadening of a peak may indicate: a change in the number of chemical
bonds contributing to a peak shape, a change in the sample condition (x-ray
damage) and/or differential charging of the surface (localised differences in
the charge-state of the surface).
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Figure 54: Quantification regions

The underlying assumption when quantifying XPS spectra is that the number
of electrons recorded is proportional to the number of atoms in a given state.
The basic tool for measuring the number of electrons recorded for an atomic
state is the quantification region. Figure 54 illustrates a survey spectrum
where the surface is characterised using a quantification table based upon
values computed from regions. The primary objectives of the quantification
region are to define the range of energies over which the signal can be
attributed to the transition of interest and to specify the type of
approximation appropriate for the removal of background signal not
belonging to the peak.
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Figure 55: O 1s Region

How to Compare Samples

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

Relative Intensity of Peaks in XPS

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

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

M Quantification Parameters

Regions lComponents ] Data Editor | Report Spec. ] RPT Report ]
|3L||'\.'ey_,-"3 [T Calc Max
Regions A B C D
Mame Si Zp Cls [*RE M 1s
R.SF. 0.817 1 2.93 1.8
Start 107.681 | 290.883]| 535.7 407.178
End 52.0543 | 275.378]| 522.516 || 385.065
BG Type Shirley Shirey Shirey Linear
Av. Width 1] 1] 1] 2
St. Offset 1] 1] 1] 0
End Offset 1] 1] 1] 0
Cross Se... [ 259, 54.. 1255, . |1 299, 5. [|2599 542..
Tag Si Zp Cls [*RE M 1s
Area 9634.0 | 31243 || 153325 3326
Std Dev ... 0 0 0 0
fwhm 261846 | 3.09815]] 2.73225 || 2.12241
Position | 98.7091 | 284 709Jf 531.705 || 396.709
% Conce... 7.99 h37 2673 0.91
Max Height | 101708.5 | 25472.1]] 16005... 4107.5
Min Height | -268.6 0.0 0.0 -545.4
Peakto ... 58.95 13.92 25.80 133
Create | Calculate Emor Bars | Delete |
Create From Labels | Save Regions ... | Copy and Paste |
Intensity Calibration T e
vV Adtomatic [ Updat
_pate | s10| ReL| RsT

Figure 56: Regions Property Page.

Quantification of the spectrum in Figure 54 requires the selection of one
transition per element. Figure 55 illustrates the area targeted by the region
defined for the O 1s transition; similar regions are defined for the C 1s, N 1s
and Si 2p transitions leading to the quantification table displayed over the
data in Figure 54. The Regions property page shown in Figure 56 provides the
basic mechanism for creating and updating the region parameters influencing
the computed peak area. Relative sensitivity factors are also entered on the
Regions property page. The computed intensities are adjusted for instrument
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transmission and escape depth corrections, resulting in the displayed
quantification table in Figure 54.

Quantification regions are useful for isolated peaks. Unfortunately not all
samples will offer clearly resolved peaks. A typical example of interfering
peaks is any material containing both aluminium and copper. When using the
standard magnesium or aluminium x-ray anodes, the only aluminium
photoelectric peaks available for measuring the amount of aluminium in the
sample are Al 2s and Al 2p. Both aluminium peaks appear at almost the same
binding energy as the Cu 3s and Cu 3p transitions. Thus estimating the
intensity of the aluminium in a sample containing these elements requires a
means of modelling the data envelope resulting from the overlapping
transitions illustrated in Figure 57.
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Figure 57: Aluminium and Copper both in evidence at the surface.

Overlapping Peaks

Techniques for modelling data envelopes not only apply to separating
elemental information, such as the copper and aluminium intensities in
Figure 57, but also apply to chemical state information about the aluminium
itself. Intensities for the aluminium oxide and metallic states in Figure 57 are
measured using synthetic line-shapes or components. An XPS spectrum
typically includes multiple transitions for each element; while useful to
identify the composition of the sample, the abundance of transitions
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frequently leads to interference between peaks and therefore introduces the
need to construct peak models. Figure 58 illustrates a spectrum where a thin
layer of silver on silicon (University of lowa, Jukna, Baltrusaitis and Virzonis,
2007, unpublished work) introduces an interference with the Si 2p transition
from the Ag 4s transition.

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

Peak models are created using the Components property page on the
Quantification Parameters dialog window shown in Figure 59. A range of line-
shapes are available for constructing the peak models including both
symmetric and asymmetric functional forms. The intensities modelled using
these synthetic line-shapes are scaled using RSFs and quantification using
both components and regions are offered on the Report Spec property page

of CasaXPS.
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Figure 58: Elemental and oxide states of Silicon
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Peak Positions

In principle, the peak positions in terms of binding energy provide
information about the chemical state for a material. The data in Figure 48
provides evidence for at least three chemical states of silicon. Possible
candidates for these silicon states might be SiO,, Si,0s; SiO, Si,O or Si,
however an assignment based purely on the measured binding energies for
the synthetic line-shapes relies on an accurate calibration for the energy
scale. Further, the ability to calibrate the energy scale is dependent on the
success of the charge compensation for the sample and the availability of a
peak at known binding energy to provide a reference for shifting the energy
scale.
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Figure 59: Components property page on the Quantification Parameters dialog window.

Charge Compensation

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

The data in Figure 60 shows spectra from PTFE (Teflon) acquired with and
without charge compensation. The C 1s peaks are shifted by 162 eV between
the two acquisition conditions, but even more importantly, the separation
between the C 1s and the F 1s peaks differ between the two spectra by 5 eV.
Without effective charge compensation, the measured energy for a
photoelectric line may change as a function of kinetic energy of the electrons.

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

are stable.
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Figure 60: Insulating sample before and after charge compensation.
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A nominally conducting material may need to be treated as an insulating
sample. Oxide layers on metallic materials can transform a conducting
material into an insulated surface. For example, aluminium metal oxidizes
even in vacuum and a thin oxide layer behaves as an insulator.

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

Depth Profiling using XPS
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Figure 61: Segment of an XPS depth profile.

While XPS is a surface sensitive technique, a depth profile of the sample in
terms of XPS quantities can be obtained by combining a sequence of ion gun
etch cycles interleaved with XPS measurements from the current surface. An
ion gun is used to etch the material for a period of time before being turned
off whilst XPS spectra are acquired. Each ion gun etch cycle exposes a new
surface and the XPS spectra provide the means of analysing the composition
of these surfaces.

The set of XPS spectra corresponding to the oxygen 1s peaks from a depth
profile experiment depicted logically in Figure 61 are displayed in Figure 62.
The objective of these experiments is to plot the trend in the quantification
values as a function of etch-time.
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Figure 62: The set of O 1s spectra measured during a depth profiling experiment.

The actual depth for each XPS analysis is dependent on the etch-rate of the
ion-gun, which in turn depends on the material being etched at any given
depth. For example, the data in Figure 62 derives from a multilayer sample
consisting of silicon oxide alternating with titanium oxide layers on top of a
silicon substrate. The rate at which the material is removed by the ion gun
may vary between the layers containing silicon oxide and those layers
containing titanium oxide, with a further possible variation in etch-rate once
the silicon substrate is encountered. The depth scale is therefore dependent
on characterizing the ion-gun however each XPS measurement is typical of
any other XPS measurement, with the understanding that the charge
compensation steady state may change between layers.
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0 4000 8000 12000 16000
Etch Time (s)

Figure 63: XPS Depth Profile of silicon oxide/titanium oxide multilayer sample profiled using
a Kratos Amicus XPS instrument.
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File View Window Options Select Help - a0 X
Etch ... Ti 2p 5i 2p O 1s Cis |~
1] Ti 2p/2 Si 2p/3 0 1s/4 C 1s/5
150 Ti 2p/8 Si 2p/9 BETSLN | C 1s/11
300 TiZ2n/14 | 5i2p/i5 | MeBEAEN | C is/17
450 Ti 2pf20 Si 2pf21 0 1s/22 C 1s/23
500 Ti2p/26 | Gi2p/27 | MeREr:l | C 1529
750 Ti 2pf32 Si 2p/33 0 1s/34 C 1s/35
300 Ti2p/38 | Si2n/39 | MOREILOM | C is/41 |
1050 Ti2n/44 | 5i2p/as | ReBELN | C is/47
1200 Ti 2pf50 Si 2p/51 0 1s/52 C 1s/53
1350 Ti2n/56 | 5i2p/57 | MeREk:N | C 15/59
1500 Ti 2pja2 Si 2pfE3 0 1sf54 C 1s/85
1650 Ti 2p/68 | Si 2069 | MSREIEaM | C 1s/71
1800 Ti2n/74 | 5i2p/75 | MeREsN | C 1577
1950 Ti2p/30 | SiZojsl | MeREcrM | C 1s/33
2100 Ti2n/a6 | 5i2p/a7 | MeBEaal | C 1589
2250 Ti 2p/32 Si 2pfa3 0O 1sf94 C 1s/35
2400 Ti2p/98 | Si2p/99 | ReREIRULN | C 1s/101
2550 Ti 2p/104 | 5i 2p/105 0 1s106 C 1s/107
2700 Ti 2p/110 | Si20/111 | (SREIestN | C 1s/113
2850 Ti2p/116 | 5i2p/117 | ReBEABEN | C 1s/119
3000 Ti 2pf122 | Si2pf123 0 1s/124 C 15125
3150 Ti2p/125 | 5i2p/129 | ReREskN | C 1s/131
3300 Ti 2pf134 | Si 2pf135 0 1s/136 C 18137
3450 Ti 2p/140 | Si 20/141 | [SREISCEN | C 1s/143
3600 Ti2p/146 | 5i2p/147 | ReRESEEN | C 1s/149
3750 Ti 2pf152 | Si2pf153 0 1s/154 C 1s/155
3900 Ti 2n/158 | 5i2p/159 | ReRESLN | C 1s/161
4050 Ti 2pfi64 | Si 2p/165 0 1s/166 C 15167 |«

Ready C:\Docume

Figure 64: Logical structure of the VAMAS blocks in an XPS depth profile.

The XPS depth profile in Figure 63 is computed from the VAMAS file data
logically ordered in CasaXPS as shown in Figure 64. The O 1s spectra
displayed in Figure 62 are highlighted in Figure 64. One point to notice about
the profile in Figure 63 is that the atomic concentration calculation for the O
1s trace is relatively flat for the silicon oxide and titanium oxide layers, in
contrast to the raw data in Figure 62, where the chemically shifted O 1s
peaks would appear to be more intense for the silicon oxide layers compared
to the titanium oxide layers. This observation is supported by the plot of
adjusted peak areas in Figure 65, where again the O 1s trace is far from flat.
The profile in Figure 63 is far more physically meaningful than the variations
displayed in Figure 65. Normalization of the XPS intensities to the total signal
measured on a layer by layer basis is important for understanding the
sample. This example is a good illustration of why XPS spectra should be
viewed in the context of the other elements measured from a surface.

The details of how to analyze a depth profile in CasaXPS are discussed at
length in The Casa Cookbook and other manual pages available from the Help
option on the Help menu.
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Figure 65: Peak areas scaled by RSF used to compute the atomic

concentration plots in Figure 63.
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