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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.

1.ion.vms

x10°

CPS

L L e L o B BREmmmans
150 200 250 300 350 400 450
Mass (amu) [time plot]
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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+4H'4  [C'2+H'5  [C2+H'6  [C'2+H'7

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

Figure 1

C'3+H'S C'3+H'6  [C'3+H7  [C'3+H'8  [C'3+H'©

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

8
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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

2
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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.

9
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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

EIementTabIe] Periodic Table] Input File  Exact Mass I

Mame | Masz | Time Bin | F i
143 143 52119.4

151 151 534704

152 152 53638

157 157 544691

168 168 5E239.8

170 170 5E557.6

171 171 BEF13.7

172 172 BE2R25

182 182 5417

183 183 5E557.2 “
4 *

add Formula | [ Define Time 3P Calib ‘ Calib C10 ‘

Delete Entry | Clear Markers | Find Peaks ‘

Delete Al [~ Zoom | Creste  LoadRegions
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.

10
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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.

% 10°
18]
16]
14 ]
12]
@ 10] o
O 8]
6]
4 )
2] =
E]"|"'|/'\“"|"'|"'|'
18000 20000 22000 24000 26000
Time Bin (s)

Figure 6: Two peaks are identified by creating quantification regions.
11
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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 Etoolbar 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

18_')c 10 |C +H'3 F\Ia p*z +H'6
16 ]
14 ]
12]
g 10
O g]
6]
4] A
.
Ol \“\ — o T L
12 16 20 24 28 32

Mass (amu} [time plot]

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.

x 10

d, v Ao e,

T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T | T T |

576 577 578 579 580 581 582 583 584
Mass (amu) [time plot]

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 Calib | | Calib Ct0

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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Mass (amu) [time plot]

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

13
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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.

><102

35 i C+N+H2 [c'2+H4
303

T T | T T T | T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T T T | T T T T
27.97 27.98 27.99 28 28.01 28.02 28.03 28.04
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
14
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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.

25 | ‘Si Fzmm

Counts x 1lZI-I
|a |E

-
=

w

L B LA e o o
27.8 2785 2719 2795 28 28.05 281 2815 282
Mass {u)

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

15
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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.

25 ‘Si F‘ 2+H*4

ha
IC:

-
o

Counts x 11ZI'I

=
IC:

i i L B e o o T Py
27.85 219 2195 28 28.05 281 2815
Mass (amu)

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.

20
18 | F
16
o 14 |
=]
=12
8
=
2 104
o
8
6
4
2_ M’W‘
l]IIIIIIIIII|ﬁVI_T-I‘I/‘f_;vl‘—lvl\I(‘I-VIJIV/I]IIIII IIIII|IIIIIIIIIIIIIIIIIIIIII
57.6 ST 57.8 57.9 58 58.1 58.2
Mass (amu)

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 4206
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

Fegions Components l Data Editol] Feport Spec. ] RPT Heport]

|42 [RMS = B53.708; D. of F. = 77] [Ef. RSF = 0.938182] [Eff. M

A B
Za Z2h 2
1 1 1
[Ad270] | LAAZ70] | LAAZ70)
g 30 25
1.0, T0000... | 0.0 10000... | 0.0, 10000..
0.00634442 | O.00576878 | 0.00576578

0.001E39. ... C*1 Te-005.1....
42.0114 42.043 42,0354 (420474
41,9985, 4., | 41,9988, 4. [ 41,9988, 4. (IS
MaoTag MoTag MoTag
i 2 3
-0.2187 -0.2187 -0.2187
19.12 10.72 7.0

£
Craate & Marquardt Paste
" Simplex
= . Paste Replace
Capy Al | Fit Components: #

Copy v Use RMS Maonte Carlo

Cut | Fit Spine BG | Copy and Fit |

sm| HCL| HST| Fit Step BG | Cop_l,lNames|

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
LAG: @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 _ 22.990 LA(4.5,1,250)

2299 23 23.01 23.02 23.03
Mass (u})

208

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
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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] (=&
Eile View ‘Window Options Select  Help - O x
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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.

CasaXPS Licensed to:A1 CASA - [1.ion_regions] CEE
E\|E Wiew Window Options Select Help BEE
Do 5| | B | O B B | B | | | 6 [ @ B[l ome | 7 0| || @] ) SB[ R
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Mass (u)
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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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I 1_txt - Notepad
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Figure 21:lonToF ASCII format.

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

EEAEAENE

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 |

Convert and Merge Directory of Spectra

Loak in: |Lf}f-:ur Meal 1

File name: |

Cpen

Files of type: |f-‘-.|| Files *7)

j Cancel

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

- e[|
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MS Peak Threshold
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NeieFiterwidh — [5
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e = -l
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Create Peaks
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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. “wvfc”
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.

E 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 E'
v ] ™ Processing ™ Arnnotation Cancel
™ Components I~ EmaorBars

™ Match Species/Transition

Guantification

+ Mane " Regions " Comps " Combined

Source: Wide

Selected Block |d. File Mame

wide edl1-1t-4brunl-spectumi_spe_calibrated.wms ; c\documents and ...
wide edl11-1t-4brunl-spectium?_spe_calibrated.vms ; 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

tazz Calibrate all Time Spectra in Active Tile'?

Canicel

{+ [, t0 Quadratic [Recommended]

" 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

EIementTabIe] Penodic Table] Input File ~ Exact Mass ]
Mame | Mazz | Time Bin | Fis
C 12 B5959.8
C+H*3 15,0235 -1
Ha 229895 -1

269815 95784
LGS B 27 0230 -1
Si 279789 110006
C+M+H?2 28087 B
Co2 + H 280313 110104
L2 + HE 30.0469 1
C2+ H*YY N.0547 | “
4 >
A
Add Formula | | ¥ Define Time | ¥FCaib | CaibCio |
Delete Entry ‘ Clear Markers ‘ Find Pealks |
Delete Al [ Zoom [ Create M
Create Peaks
Load ... | Save .. | tove o 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

assignhed 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

ElementTable] Periodic Tal:ule] Input File  Exact Mass l

M ame | Mazz | Time Bin | Fls
C 12 E5953.8
C+H*3 15.0235 -1

Sawve Library File

Save in: |l.:| K.ore ﬂ "= £ Ed-

I atest152

File name: Exacttdazs calibrationfile. lib
Save as twpe: | Lib. Files [* lib] | Lancel

Load ... | Save...| Muvetu:uLib...| EHMT|

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:
Display only those peaks more than 5% in intensity of the largest peak.
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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.

CasaXPS Licensed to:A1 CASA - [031406 psu dp run104'_mass_calib_regions] (=113}
[P Ele wew window Options Select Help -8 x
D ||| | %o | B n| | | it | | | |9 B OB em|ome| £ |2 5|o2) 5| B | SB[ 2
C[@|a/a/E] plebd 2lslolnlaly] i 7|¥/m] D@/ g ) o]
QI | Y ol e P R PR s A R A A e g o E L 0 O | A N A =20=0)5

15 19 26 27 28 29 30 31 37 B g
WMA__M_A_‘L A J\ o L L

38 39 40 41 42 43 44 45 49 50
] _ A A A N U

51 53 55 57 61 62 63 69 70 71
I S S S I i A i e

73 74 77 85 86 87
_L < b

37



CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2010 Casa Software Ltd

Scale the peaks on an individual basis.

CasaXPS Licensed to:A1 CASA - [031406 psu dp run104_mass_calib_regions]
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Take a closer look at specific peaks.
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Enhancements for manipulating the selection and display for ToF IVIS data are
available on the Element Table property page of the Element Library dialog

window.
M Element Library E]|E|E]

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

Narmnge | Mass | Time Bin | FelAbund. | Ling She
H1 1.00782 1 99985 GLIO,
H2 2014 1 om GLIO
Hel 301603 1 0.00013 GLIO
Hed 40026 1 99.9339 GLIO,
Li& 601512 1 74 GLIO
Li7 7016 1 926 GLIO
Bed 01218 1 100 GLIO,
B10 10024 1 187 GLIO,
Bell 10,0135 1 ] GLIO
B11 11.0053 1 a1.3 GLIO
iz 12 1 989 GLIO,
13 12.0034 1 11 GLID »
< *

I~ Zoom'when Line Selected Find Peaks
I” Create When Line Selected -

B Create Regions
I™ Use Library Fw/HM

Clear Al Elements | Edit Black Species/Trans

| Edit Source Analyser Angle

| BT+ #7-|  Overley LinkedBs | DisplayLmkedVBs”
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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 1 Periodic Tah\e] Input Filel Exact Massl

Name [ Mass | Flemert | Transtion | ~
THIE) 12 12 H
CHIC+H, 13.0078 13 CH
CHIC+H™] 14.0156 14
CHI[C+H"3] 15,0235 15 CH
FIF] 18.9984 13 F
CH[C™2+H. 26.0156 26 H
27.0235 27
CHIC™2+H. 28033 28 CH
CO[C+H+0] 290027 23 co
CHIC™2+H. 23.033 23 CH
CO[C+H"2. 30,0105 30 co
CHIC™2+H. 30.0489 30 CH
FC+F] 30,9384 kil F v

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

Create Regions
I Use Library Fu/HM

Clear All Elements | Edit Block Species/Trans

246775:0 Edit Source Analyser &ngle

#T +| #7- | Dverlay Linked VBs ‘ Display Linked ¥Bs |

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.

HESALE A -16-51-

TN EREEENER
L £l JEd ] £ o]

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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The element library file also includes Transition strings CO and F.

M Flement Library

Element Table lPeriodic Table | Input File | Exact Mass |

Mamne | Mazs | Element | Trangzition | ~
CHICT 12 12 CH
CHIC+H] 12.0078 13 CH
CHIC+H®2] 140156 14 cH
CHIC+H*3] 150235 16 CH
LLELF] 18,9384 19 |
CH[C"2+H.. 26.0156 % CH
CH[C*2+H...  27.0235 27 CH
CH[C*2+H... 280313 28 CH
[ CO[C+H+0] 290027 23 1]
CHIC®2+H... 29,0391 29 CH
|| COIC+H™2... 300105 a0 m=CO |
CHIC A+ 200489 A0 [H
LLErcsf] 30,3584 3l F_m— 2

Find Peaks
Create Reqgions

Edit Block Species/Trans

[ Zoom when Line Selected
[ Create Wwhen Line Selected
[~ Use Libran Py/HRM

Clear &l Elements |

| Edit Source Analyser Angle

HT +

nT-| Dverlay Linked VBs |DisplayLinkedVBs|

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.

I F.txt - Notepad g@g|

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 Eﬂﬂgl
-

Create Mass Table from Formulae File

Look jn: | (3 Library Files j cF B
CasaXPS_mass.Iib F:I F.bxt
CH.lib [Z) Farmulae. bxt
[Z] cH. bt
Co.lib
[Z] cobxt
Fulib
File name: | |F.txt |
Files of type: [l Files (-] -l Cancel
Delete Entry | Clear Markers | Find Peaks |
Delete 21l [~ 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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Ed Microsoft Excel - F.lib
@ File Edit View Insert Format Tools Data Window Help Acrobat

DEHS® SRY (B o-@= -4 o -B 2 B|%.3A-

i @ ¥ | P e
prdfl

Al - A

A B c D E

1 1.
2 19F FIF] 1.90E+01 KE
3 F 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
WA NES
Ready

1.90E+01 -1.00E+00 LA(5.4.8,0 1.00E+02 lon Gun

JA0E+01| -1.00E+00 LA

5.4.6,0/ 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 ]

CEX

Browse

File Type
{* CasaXPSlib

" S5l Type 1

" KALlib

" RED Table

™ VG Av. Wagner

Load

" S5 Type 2

" Simple Table
VG Av. Scofield
" JEOL AES

White Lib

" Kratos lib

Menge

The library file displayed via the Element Table scrolled list

M Element Library

Element T able l Periodic Table | Input File | Exact Mass |
hame | Mass | Time Bin | Rel&bund. | Line Sh: #
CHIC] 12 -1 100 LAJ5 4.8
CHIC+H] 13.0073 1 100 Laf5.4.8
CHIC+H™2] 14.0156 -1 100 LAS 4.8
CHIC+H™3] 16.0235 1 100 Laf5.4.8
FIF] 189934 -1 100 LAJS 4.8
26.0156 -1 100 Laf5.4.8
CHIC"Z+H... 270235 -1 100 LAS 4.8
CHIC"Z+H... 280313 -1 100 Laf5.4.8
COC+H+0]  29.0027 -1 100 LAS 4.8
CHIC"Z2+H...  29.0391 -1 100 Laf5.4.8
COC+H™2... 30,0105 -1 a0 LA[5,4.8
CHIC"Z2+H...  30.0489 -1 100 LA[5. 4.8 »
4 >
I Zoom *hen Line Selected Find Peaks
I Create When Line Selected -
. Create Regions
I Use Library Fa/HK
Clear all Elements | Edit Block Species/Tranz
| 124.242:0 Edit Source Analyser Angle
#7+| 87| OvellayLinked VBs | Display Lirked 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.
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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.
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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.
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To display the VAMAS blocks without an x-axis, the Tile Display Parameters

dialog window is used.
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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.
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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
| %[k nh| B (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 &0 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 |

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

Lok in: | £ TestProfile -] « @k E-

031406 psu dp run 104" xyt 031406 psu dp run 1006 %yt
031406 psu dp run1007.xyt
031406 psu dp run1002.xyt  [E=] 031408 psu dp run1008.xyt
031408 psu dp run1003.xyt
031406 psu dp run 1004, xyt
031406 psu dp run 1005, 3yt

File name: 031406 psu dp run 1001 gt 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.
I~
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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.
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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 %
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 OutJ'L‘[ 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.
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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
" (i "L"""'_"""""" T T T T T T T T T T T
69 695 70 705 71 71.5 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.
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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.
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7. To generate the LUT spectra press the @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 @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.
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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@
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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 %

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.
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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
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2X

- & ®E e E-
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£
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3

File name: |depth_pn:nfi|e.:-:_l,lt

Files of type: |l 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.

o E AR

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 |E#|
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 |fijf'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 EE]

Given a directory of xyt files:

‘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.

CasaXPS$ Licensed to:A1 CASA - [image.xyt_compressed]
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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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Mass (amu) [time plot]

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.

CasaXPS Licensed to:A1 CASA - [image. xyt.vms] %]
Eile View ‘window Options Select Help F X

0| | | e B B M | | B 1 | |0 @ 3| w4 |2 ||| B8] | B[R

L= e e R N R NN B 3 ol = )
Y P v s | el P AV < = A e B 2 e PN 5~ A AU~ =

Data Set Ct.. | Ma Ga_ | Ga. ~
| g =

: |1 00 2 =
Ga Min: 0.0 = S

=
A
i
Lol il = vl ol ol o il o o i o il o o Frd i
I
2

Ga v

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.
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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
@ 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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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.
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Standard Reportz
v Usze Config File
. Fegions Comps | [ Use Profile Farmat
Regions and Comps | Combined Y/ith 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.

Z LUTO JLUT1 JLUTZ JLUT 3
LUTO JLUT1 JLUT 2 | LUT 3

LUTO JLUT1 JLUTZ | LUT 3
LUTO JLUT1 JLUTZ | LUT 3

L= Uy I S )

On pressing the Regions button from the Standard Report section with the

Use Config File tick-box tricked, the following report is produced:
BEE|

| | | | s i | | | | G G | | | e 7 | | ]| ] B | |
IHI\\I\\I\II\IHIHI\IIJJI\II\J
e | ] 5 ol | ot Cofiad]on| o] 12| o¥| (e8] ablat] LE[=l|mn| wlE e

Sample Id [ Block 1d [ Mame [ Position [ Total Charge [
031406 psu dp runL004_[Utspectra vms wra T 15.0285 10576
031406 psu dp runL004_lutspectra,vms wra Na 22.9925 47676
031406 psu dp runL004_lutspectra.vms wro Ga £8.9462 2804
031406 psu dp runt004_Jutspectra.vms wro CHRHHS 27.0263 27933
031406 psu dp runt004_Jutspectra.vms wr1 CHH3 15.0278 1302
031406 psu dp runt004_Jutspectra.vms wr1 Na 22.9927 19512
031406 psu dp run1004 _lutspectra,vms wri Ga 66.9362 B3z8
031406 psu dp runL004_lutspectra,vms wri e 27.0264 6205
031406 psu dp runL004_lutspectra,vms wrz e 15.0288 180
031406 psu dp runL004_lutspectra,vms wrz Na 22.9928 3189
031406 psu dp runL004_lutspectra.vms wrz Ga £8.9424 2720
031406 psu dp runt004_Jutspectra.vms wrz CHRHHS 27.0241 038
031406 psu dp runt004_Jutspectra.vms me CHH3 15.0283 73
031406 psu dp runt004_Jutspectra.vms e Na 22.9904 1533
031406 psu dp run1004 _lutspectra,vms wra Ga 68.9430 6730
031406 psu dp runL004_lutspectra,vms wra R 27.0237 437

I RegionQuantTable.txt - Notepad Q@E‘

File Edit Format Wiew Help

VAMAS_BLOCK_SAMPLE_ID
VAMAS_BLOCK_MAME]|

MAME
POSITION
SIMS_PEAK_AREA

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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e g

Calibri 1 AW [ | F | Genenal
e s u g A EEEEEE B4

A

Custom Report
The profiles in Figure 45 were created using quantification regions and the
Custom Report section on the Report Spec property page.

M Quantification Parameters FEX

Hegiuns] Eumpunents] Data Editor  Feport Spec. IFEF'T Hepu:urt]

Standard Reports
[v Use Caonfig File

Comps [ Usze Profile Farmat
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Clear

R atio Reqion | Ratio Comp | Ratio All |
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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
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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 CasaxXPS
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:
T P o [ R S T R = =

ToF Time to Mass Calibration Options:

ToF| Taf| &2

Organization of Data:

da | Lo

Laa Lz

Data Conversion Options:

ot | @[t us m| ||

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:

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.

13, |z

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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LM" £ 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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J@Display state modified by the toolbar button are as follows:
off On

ECycle the display through a set of predefined mass ranges.

T [ T T 1T |1 T '|'J|!IJJ'"|*'1| |il
22025 23235 M 245 25255 26 IES 22 24 26 X3 30 24 28 32 36 40 44
Mass (1) Mass (1) Mass (1)
.IJ. ‘ JI II,HIHJII ! l”%hl] l Illlll‘lll I‘l;]l “lJ|JH !hjl]‘i!‘l|!.‘|l:|l|.!l.!i.|!||:||.III. "|!L|
25 30 35 40 45 50 55 B0 BS 70 40 =] a0 100 120
Mazs (u) Masz (W)

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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l_—7'L|J{__1|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:
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Cancel

Mumber of new tiles: F

|~
v

Ready 1.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.

[YLLE

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.
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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 Caleulator | Prepare Prnhles]
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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] SMHMS RSF Calculator - Prepare Profiles l

Select Matching Blocks | Select and Digplay Matching Blocks |

Source VYamaS Blocks Owverlaid in the Active Tile

Block Id | Matsh Stiing

Cu Mass B3

Hi Mazs 58

Cr Mazs 52

W Mazs 51

Mo Mazs 38

Co Mazs B3

W Mazsz 184

Fe Mazs BB
Copy RSFs to Matching Selected WBs |
Copy Sputter Rates to All Selected VB2 |

SHMS Quantification
[ lze Manometres
Atomic % by File M azs % 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.

B Dynamic SIMS
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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

all=

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} Raw Data

~| & & ef BE-

= Hastelloy
b34] Stainless

File name:

|Hastellu:|_l,l zet 1 with Co.cay

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 P]X]
Lack jr: | =) Raw Data - ek ER-

bl Hastelloy set 1 with Co.csy
hastelloy set 1 with co.csy.vms
k54 Stainless Steel set 1 with Co.csy

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

The VAMAS file will then open as an Experiment Frame in CasaXPS.
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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.
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The right-hand pane offers the data blocks within the VAMAS file.
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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.
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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.
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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.

i Move Left L
= Move Right E
Move up [
S Move Down F
b 5
2 Step Slice Up Ctrl+Page Up E
I Skep Slice Down Ctrl+Page Dn I
Reset Slice Index Ctrl+Home
- Skep Ordinate Up shft+Page Up 1
Step 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 Al Matching Elocks Ctrl+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
Cycle YAMAS File Index Chr+F3
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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

dialog window is invoked via the top toolbar

Options menu

el Lkl

/||

or from the

File Wiew Mindow
sl =
mjl=f=]]-"
iy =z N

Aan 5L

When plotting a profile involving

CasaXP5 Licensed to:A1 CASA - [cu multilayer hastelloy

ofalamptl Seleck  Help

Page Lavout ...
Tile Display ...
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Elements ...
Processing ...
Annokation ..
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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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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] YAxisl Geometry] Dizplay  Colours l Globall

Residual Trace |

3D Background | Spectra |
Region Backaround | Spectra Background |
A0 Fill | Synthetic Compaonents

[ Colour Campaonents wsing Cormp ndes
[~ Combine Comp Index

[~ Fill Combined Components

[ Components Dizplayed 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 N[
Hf MEfEAEN
EENNEEENEN
HENMEEEEEN
AN EEEEEN
4 4 0 0 000 I

LCuztom colors:

____________ Huef0— Bed[213
2 R R R R R R - Sat 240 Greerc |0
| | CalorlS alid Lum:[100_ Blue [0

k. | Cancel | Add ta Custam Caolars |

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.
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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

15

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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6
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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 Eax

Calbration  SNMS RSF Caleulstor | Prepare Frofies |

SMMS RSF Calculator
Cr

Standard

@ Rwleight O %bemc % g
Massperolelal [0

Signallsolopc Mass[0 Inlemsip (CFS) [0

Mame | Zwt | %Atomic | Massp. | SF | Isatops A
5] 0 [ [

Mi 1} o o 1 1}

Fe 1} o o 1 1}

Mo 0 o o 1 1} b
< >

Add Missing Element | Calculate SFs | Caleulate ASFs |

SHMS Quantification

¥ Use Nano metres Copy RSF to Selectsd VBs
i % Mass %

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 MEW w [ & [ v Mo [ ce | w [ Fe

- AEH

Caliration SNMS ASF Calculator | Prepars Profiies

SNMS RSF Caloulator
Cu
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& Rweight © %bemic % [§
Masspertoelol [T

SignallsolopicMassg Inensiy (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 Selected VBs
aomicx | Masz |
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2. Select the type of percentage known about the composition of the

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

B Dynamic SIMS =1L

Calibration  SNMS RSF Calculator ] Frepare Plofilas]

SHMS RSF Calculator
Cu

Standard

& Zweight O % Atomic % oz
Mass per Mole () [p Update Values

Signal lsotopic Mass [ Intensity (CPS] [

Mame | A ‘ % Atomic | Mass p... | SF | lsotope
0 ] ] 1 ]

Cu

< >

Add Migsing Element | Calculate 5Fe | Calculate RSF: |

5NMS Quantification

¥ Use Nano metres Copy RSF to Selected VB
Abornic: % Mazs %

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.

profiles displayed in the active tile.

M Dynamic SIMS (=L

Calbralion  SNMS RSF Caleulator | Prepare Frofies |

SNMS RSF Calculator
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< >
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SNMS Quantification
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profile signal.

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

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

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.
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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.
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Calibration I SMMS RSF Ea\cu\alur} Prepare Fruhlesl
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Overlay all the VAMAS blocks in the active tile before pressing the Define
Surf/BG button on the Calibration property page.
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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.
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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.
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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
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¥ou are about ko propagate regions/components ko speckra

of different Elerment)Transition.

Continue?

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.
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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.
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0 i o P s P i [ i | | | | OO om0 (R[5 B ] SR 2
Ol@| e@(@| bl slalo|lnaly Bl @@ o@|m] o e ]

90
H Calbvalion SNMS FSF Caeulatr | Prepere Profies |
e 23]
T e R e W
807/'/' v SNMS RSF Caloulstor
Cu
70
B 5 Standard
& & wdeight T % Atomic % oz
607 e
= R e e S Messperbiokelol e
g 504
g Sianal sctopic Mase 62 5298 Inersity (CP5) 238117
401
Mame | %Wt | %Atomic | Massp.. | SF [ 1stope_
5 Cu 02 B 53E43 1 62,9296
30 2 Ni 515 - ser0E 1 57.9%53
Te o 615 - 519857 1 51,9405
- e o e S 6 e s 022 - s0a4ls 1 F0g4d v
207 3 3
E Add Missing Element | Caleulate SFs ‘ Caleulate ASFs |
101 & 8 Mo

@ ] SNMS Quantification

i
ettt et =t e = s — ¥ Use Nano metres Copy FiSF ta Selected VEs
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 =]

Calioration SNMS RSF Calousior | Frepare Frofiles |

SMMS RSF Calculator
Cu

Standard

© AWegh C gMeme % [0z
MassperMae(d) [a5e3

Signallscogic Mass G200 Imlensiy CPS) [azai17

Name | Wt | %Atomic | Massp_ | 5F lsotope_
Cu oz - E3543 02659682 629236
Ni 55 - 507018 176426 57.9353
o 1615 - 519957 0.445009 519405
W nzz - 6035415 (0328954 50544 w
< >

Add Missing Element CEHWEESF: ] Caleulate ASFs
SNMS Quaniificatian

¥ Use Nano metres Copy RSF to Selected YEs
monicr | Masx |

96



CasaXPS Manual 2.3.15 Rev 1.0

Copyright © 2010 Casa Software Ltd

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 |

[ - =S

Calibration  SMMS RSF Calculatar ] Prepare Profiles 1

SMMS RSF Calculator
Cu

Standard
& Zweight O % Atomic

% oz
Mass per Mole [a)  [53549 g

Signal |zotopic Mass (52 9295 Intensity [CPS] [295197

Name | Wit | * Atomic | ass p... | SF | |sotope
Mo 17.1 959219 264223 979054
Co 1.5 589332 (0EEB90Z 589332
o 429 183.847 334633 183.951
73 55.8458 0593691 559349 %
£ >
Add Missing Element | Calculate SFs | Calculate RSFs |

SMMS Quantification
W Use Nang metres

Copy RSF to Selected VB

Atamic: % | Mazs 2 |

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 1 SNMS ASF Eal:u\atnr} Prepare F‘lnhles]

Define Intertace ‘ Define Matrix | Ref. Signal | Ni[T]
Define Surl/BG

[~ Use Ref. Signal

I atrix Inn... | Interface | RSF | Sputter ... ‘ Cis
Dose [atoms/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 Sublract BG Cull Culll 297168 1 5%
[ Elemental RSF 1€ D)

Bull Doped [atoms/cm3):

1.0000e+000

Compute RSF [™ Use Bulk Doped Compute Sputter Rate .
RSF: 4.3740e-001 Sputter Rate [cmés): | [1.0000e+000

ApplyFlSF/SHIUInterFace‘ Restore RSF/SR \

Apply BEFASH o Matie

Depth Profile Calibration

Calibrate Depth Profile v Nomalise to Mawiy | Tterface Stafistics
Calibrate Al Profiles W Use Mano melres 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]
Fil= Wiew Window Options Select Help -

D[ o | B o | o | W | | | 9 @] | e £ || [ 5] B 6| SB[ 2]

O 6| BB ] 2]%]o|n| Al § ||| @ O/S[EEes) 5w b B
Y| R e [ e S e R = S i e O R A AR = S Bl A A A =202

INi

‘ Calibration ] SMMS RSF Calculalur} Prepare Pruli\es]

16| - Define Interface ‘ Define Matrix | Fief. Signal | Hi1]
| Diefine Sul/BG ‘

14 Matiix In... | Interface | RSF Sputter ... | Cia

] \ Doss(atoms/em2);  |Cull]  Cu[)] 1 1 4

Cu [0] cuf 1 1 4

15 | 1.0000e+000 Cull] Cull] 1 1 4

- Cu [0] cull] 1 1 4

Depth [nm): Cu[0] Cu[0] 1 1 4

‘ -] Cu [0] w1 1 4

10 ‘ [To0o0edi? | cufol Culdl 1 1 4

" Cu [0] Cuf 1 1 4
5 | W Sublract BG Cull culll 1 1 1

o g [~ ElementalRSF 1% %

\ [ UseRef. Signal  Buk Doped [atoms/em3): [1.0000e+000
6 \

Compute RSF [ Use Bulk Doped Compute Sputter Fate
i RSF: | [1.0000e+000 g
H L putter Rate (emds): | |1.0000e+000
A =

] ‘ Aoply FSF/SR to Mativ | Apply RSF/SR tolneface | Restois RSF/SR |

5 | [iepth Profile Calibration

_b——ﬁ_*(j_r’_‘_‘_‘_’_’_’_’_‘_"*—”‘*—”_’_ M ¥ Maormalise to Matix W
) b o el Mo S e e A A A A Calibrate A1l Prafiles W Use Nano meties Profile Statistics
L L U T T
i ﬁll é 1‘2 'l|6
Cycles
Ready c:idocuments and settingsineal\my documentsiwarkingdirihidenthidenthidentsnmsidata For manualiraw data)stainless 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 BN ni AR cr OB v BNt B0 Co AR v 01 Fe

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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B Dynamic SIMS

Calibration l SNMS RSF Caloulator ] Prepare Frofiles ]

D efine Interface | D efine b atriz | Rief. Signal_._| Mi[1]

Matrix In... | Interface | RSF | Sputter ... | C S
Dose [atomsdomz2): 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 [nm]: Cu [l Cu 0] 1 1 4
J Cu[0] Cu [0] 1 1 4
1.0000e+007 Culdl Culd] 1 1 4
@ sunsel®s |G il 1 v
I ElementalRSF € 2

I~ Use Ref. Signal Bulk Doped [atoms/em3): [ no00e+000

Compute RSF [" Use Bulk Doped Compute Sputter B ate
RSF: 1.0000e+000 Sputter Rate [cmds): | |1.0000e+000

Apply RSF/SR toMatrix| £pply RSF/SR tolnterface| Restore RSF/SR |

Depth Profile Calibration

Caibrate Depth Frofle | [ Nomalse to Matix _nietface Stalisics
Calibrate All Profiles | W 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

Caliblation] SMMS RSF Caloulator  Prepare Profiles ]

Select Matching Blocks | Select and Display Matching Blocks |

Source WAMAS Blocks Overlaid in the Active Tile

Block Id | Match String
i Mazs B2

Cr Mass 52

Fe Mazs GG

Cu Mass B3

W M azs B

Mo Mass 98

Co Mazs B

o Mass 184

Copy RSFs to Matching Selected VBs |

Copy Sputter Rates to All Selected VB= |
SNMS GQuantification

[¥ Uza Manometres

Atamic % by File tasz % 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  Wigw Options  Select  Help

Dj@la b 2@ Ojs|m)-|/ |2 =25 8 | /7]
DI@IEJ e == =l e R L S R i A A R e e
blonlon] B LS5 =¥ melans o] bE|sh(um ) e

4 v 1 partial_calib_hasteloy set 1 with co.csw,vms
I 2 stainless steel set 1 with co.csv.vms

[ M. [Ma . [¥a | Ma. [Ma.. | Ma.
- B cu BB wi BE o BD v B o BE co
Cal\bratiun] SMMS RSF Calculator - Prepare Profiles

Selact Matching Blocks ‘ Selot and Display Matching Blocks ‘

Source VaaS Blocks Overaid in the Active Tile

Block Id | Match String
Mass b3
Mass 58
Mass 52
Mass 51
Mass 38
Mass B3
Mass 184

Mass 56 3 |Ma.‘. |Ma... ‘Ma‘.. |Ma.‘. ‘Mam |Ma.‘. |Ma..‘ Ma...
[« i [ W ] [ W F
Copy RSFs to Matching Selected VBs | o lw L L LFe

Copy Sputter Fates to A1l Selacted YBs |

SNMS Quantification

¥ Use Nanometres

Atomic % by File Mass % by File ‘

>

Arrange windows as non-overlapping tiles C:\Documents and SettingsiMealiMy Documents\workingDiriHideniHidemHiden', ShMSiData 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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B @

O o] /| 2] ||| @B | 2|3 ®

v 1 partial_calb_hastelloy sst 1 with co.csv.vms
2 stainless steel set 1 with co.csw.vms

Calibratian | SNMS RSF Caleulstor  Prepare Profiles

M Dynamic SIMS

Select Matching Blocks | Select and Display Matching Blacks |

Source VAMAS Blocks Overaid in the Sctive Tile

Block Id [ Match Sting [
Cu Mass B3

Ni Mass 58

o Mass 52

v Mass 51

Mo Mass 38

Co Mass 53

w Mass 184

Fe Mass 56

SNMS Quaniiicatio
¥ Use Nanometres

Atoric % by File |

Copy RSFs 0 Matching Selected VBs
Capy Sputter Rates ta All Selected VBs

Mass % by Fie |

 — ————————— |hgs\Neal\My DocumentstWorkingDiriHiden|Hiden|HidentSNMS|Data For ManualiRaw Datalpartial_calib_ /J

3. Select the VAMAS blocks within the Hastelloy standard previously

prepared with appropriate sensitivity factors.

4. Press

the

Select Matching Blocks

|button to match the selection from the

Hastelloy experiment frame throughout the opened VAMAS files.

5aXP5 Licensed to:A1 CASA

[ I e S R N PN A

Calibration | SNMS RSF Caloulator  Prepare Profies

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 52

v Mass 51

Mo Mass 98

Ca Mass B

w Mass 1684

Fe Mass BE
Copy RSFs to Matching Selected ¥Bs
Copy Sputter Rates to All Selected WBs

SNMS Quantification

[ Use Nanometres

Atomic % by File | Mass % by File |

e [ =T i 0 P e i e S e N (i Y

Dynamic SIMS

]

v

Lr|anlunlon]| SIE|S

uments\WorkingDir|Hiden ik

15\Daka for Manuafaw Datalpartial_calty, /|

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 RBSFz ta 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

3

Carncel
partial_calib_hasteloy zet 1 with co.cev.vms © CADocuments and SettingziMealy e Documentz\wiorkin
Selected Block 1d. File: W ame ~
Cu partial_calib_hazteloy zet 1 with co.czv.ovms : CADocuments and Setting:
Mi partial_calib_hazteloy zet 1 with cocsvovms @ CADocuments and Setting:
Cr partial_calib_hazteloy zet 1 with co.cav.ovms © CADocuments and S etting:
i partial_calib_hazteloy zet 1 with co.cev.vms @ CADocuments and Setting:
M partial_calib_hazteloy zet 1 with co.cev.ems @ CADocuments and Setting:
Co partial_calib_hazteloy zet 1 with co.czv.ovms : CADocuments and Setting:
W partial_calib_hastellay set 1 with co.csv.vms @ ChA\Docurents and Setting:
Fe partial_calib_hazteloy zet 1 with co.cevovms @ CADocuments and S etting:
Cu shainless steel gt 1 with co.cev.vms © ohdocuments and zettingzineal'm,
Mi shainless steel gt 1 with co.cev.wms © ohdocuments and zettingshnealm,
Cr shainless steel zet 1 with co.cev.wms © ohvdocuments and zettingshnealm,
W stainless steel zet 1 with co.cav.vms © chdocuments and settingsinealtmy,
[l stainless steel zet 1 with co.cev wms © ohdocuments and zettingsneal'm,
Co shainless steel gt 1 with co.cev.vms ;| ohdocuments and zettingzhneal'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 RSF to Selected VB z |

M Dynamic SIMS BEX

Calibration  SNMS RSF Caleulator 1 Prepare F’roli\es}

SHMS RSF Calculator
Cu

t % Atomic

4 ,027

Signal |sotopic Mass (g2 9295 Intensity [CPS] (295117

Mass per Mole [g]

Mame ‘ Zwit ‘ % Atomic ‘ Mass p... | SF | |sotope A

Cu nz - £3.549 0.437401 E25290

Ni 515 537018 2497168 67935

Cr 16.15 519957 0749563 51.9400

W nzz 508416 0554082 60944 ¥

< b3
Add Mizzing Element | Calculate SFe | Calculate RSFe |

SNMS Quantification

¥ Use Nano meties

Copy ASF to Selected VBs
Atomic % Mass %
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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.

CasaXP5 Licensed to:A1 CASA - [stainless steel set 1 with co.csv.vms] Q@E\
ED e iew Window Options Select Help _1& x
0| oo o | | s | B | | G | 9 @8] OO o[ amme] 2 | ) 0o ] B 6| B B
el e R S R EN P A N A el = I ml =l =1 S AR ]

P e o e R S TS A e B A A el e B A A B el o e =23 =

|Nnna |Ma.‘. |Ma‘.. |Ma‘.. ‘Ma‘.. ‘Ma..‘ ‘Ma..‘ |Ma..‘ |Ma.‘. |

I | TR Vo[ Mo [ Co | W | Fe
E 107! ~ aa @
\ Calibration 1 SMMS RSF Calcu\alur] Prepaie Pruhlss}

Defing Interface | Define Matrix | Ref. Signal | Cr [2]
Define Surf/BG
tdatrix In. ‘ Interface | RSF | Sputter ‘ Cin

Dose [atoms/cm?) Cu[0] Cu[0] 074363 1 1
Cufo] Cull] 0749563 1 1

1.0000+000 culo] Cull] 0749563 1 1
Culo] Cull] 0749583 1 1

Degth i | |cufol Culd] 0749563 1 1
culn] Cull] 0749563 1 1

1.0000+007 cuf] Culd] 0749563 1 1
culn] Cull] 0749563 1 1

' Subiract BG Cufl Culll 0749563 1 1

I ElemenialRsF | 2

[~ UseRef. Signal Bullk 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 tnManix‘ Apply RSF/SR tn\ntarfaca‘ Restore RSF/SF |

Depth Profile Calibration

Calitrate Depth Profile W Momalise to Matie | tErace Statistics
Calibrate &ll Profiles W Use Nano metres Profile Statistics

Ready cihdocuments and settingsinealimy documentsworkingdirthidenthiden'hidensnms'data For manualiraw datatstainless 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 SIMS =S

Calibration l SNMS RSF Calculator | Prepare Profiles |

Define Interface | Define katrix | Fief. Signal ... | Cr[2]
Define Surf/BG -
Matrix [r... | Interface | RSF | Sputter ... |

Cla
Doz [atomsdomz]: Cu [0] Cu (0] 0.749563 1 1
Cu (0] Culd] 074%E3 1 1
1.0000e+000 Culd] 0.74%63 1 1
[ Cu 0] Culd] 0749563 1 1
Depth fnm}: T Culd] 0.74%63 1 1
Cu[0] Culd] 0.74%63 1 1
4.0000e+002 Cu ol tuol 0.74%63 1 1
Cu [0] Culd] 0.74%63 1 1

I Subtract BG Cu 101 Culll 0.74%E3 1 1%
[ ElementalRSF 1€ E

I™ Use Ref. Signal Bulk Daped [stoms/em3): 1, 0000e-000

Compute RSF [ Use Bulk Doped ||/
RSF: 7.4356e-001 | Sputter Rate [cmds): ||5.5003e-005

Aipply ISF/3F to Matrs || Apply RSF/SR 1o Interface | Restore RSF/SR |

Drepth Profile Calibration

Calibrate Depth Profile | ¥ Momalise to Mty Nterface Statistics
Calibrate All Profiles | W Use Mano metres Praofile Statistics

1. Select an entry from the Matrix Index column as shown.
Press the RSF button to retrieve the RSF value from the table.

3. 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.
= Dy s

Calibration SMMS RSF Caloulator | Prepare F‘rnfiles] Calibrationl SMMS RBSF Calculator  Prepare Profiles ]

SMMS RSF Calculator

T Select Matching Blocks | Select and Display Matching Blocks |
T

Source YaMAS Blocks Dverlaid in the Active Tile

it % Atomic % o
Block Id tdatch String
Mazs per Mole (@) [51.9957 Cr Mazsz 52

Signal Isotopic Mass (51 9405 Intensity [CPS] [

Mame | %Wt | % Atomic | Maszs p.. | SF | |zotope
Cr 0 0 519957 1 51.9405
Copy ASFs to Matching Selected VEs |
¢ 5 Copy Sputter Fates to &ll Selected VB3 |
SNMS Quantification
Add Miszing Element | Calculate SFz ‘ Calculate RSFs | ¥ Use Manomsties
SHMS Quantification Atamic X by File Mazs % by File ||
IV Uss Nano metres Copy RSF to Selected WEs
| Atamic % | Mass & ||
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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 Wiew Window Options Select Help r
0| ] e e ] | ) | | P @y o | /|| o] @B | ] @)
{1 =1, T N N P S eI < eI oo S ) e A A RS

=] plslml| = @l o|pilel slndelen] 212 16] 5] mloal] clab] selsnlm o] @l

| Calibration  3NMS RSF Caleulatar ] Frepare Profiles

16 | Fe
] MHM SNMS RSF Caleulator

14| Cu

Standard

& Zweight O % Atomic % o
Mass per Mole d) (3549

Signal lsotopic Mass |52 9795 Intensity [CPS] [

] Mame | Wi | * Atomic ‘ Masz p... | SF | |sotope A
I3 Cu 1] 1] £3.549 1 E2.929

T i 0 0 ge.701e 1 57.935:

] i Cr 0 0 519357 1 51.940

/—&—‘—0“0—0—””4—0’_’“‘0—"_’“0—”\ W 0 0 509415 1 50.944

4 | < L)
o ] | Add Missing Element | Calculate SFs | Calculate RSFs |

brr sy vy r v v b rrrrre vy |

J SNMS Quantification
0 ‘Cu.. e ;\‘I MO..COM P Y ¥ Use Naro metres Copy RSF to Selected VB

P
0 4 2 12 16 Atonic: % | Mass % |

Cyeles

Ready c:hdocuments and settingsineal\my doCEmET S AT T T T ST TS TS oS TS T TS T ST S O S 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]
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0| i | ol B[ P | | | 5 B | | | 5 R | OB oo 7 [ | ] ] | S22
D@/ 5|8 tnia[>e] 22| aly| |80 D] es]n) wf ] sl o] )
P 9 e o R = N s e el A s A 5 A S ol N S =3
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: SEE
Caliration SHMS PSF Calculbstar | Prepare Profles
50
M‘H—.—H—H‘_ SNMS RSF Calculator
M Cu
Standard
40 @ xweh C xmeme % [T
; Messperbolel)
< 30 ]
g Signal Isotopic ass g Inersiy (CF5) [
3
Name | %Wt | %Atomic | Massp.. | SF [ Isotape A
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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.

profiles.

The following steps lead to quantification for two

1. Tile the experiment frames within the CasaXPS main window

= e @ ¢ SR 2
| bl L8[sp(un o EB(E

v Ma. [Ma. |Ma. [Ma. |Wa. |Ma.. |Ma.
Lew Twi Toe T v Tmo [Co J W TFe |

Dynam

Calibralion | SNMS RSF Caleuator  Prepare Frofiles

Select Matohing Blocks | Select and Disply Matching Blacks |
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2. 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 Blocks |

CasaXPS Licensed to:A1 CASA
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3. Deselect the VAMAS block in the experiment frame for which no
quantification is required.
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4. Press the Atomic % by File button.
5. Review the list of files displayed in the resulting dialog window and

press OK if all is well.
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3

% Atomic: Concentration

Selected Block Id

‘ File Mame

23

Mi stainless steel set 1 with co.cev.vms © chdocuments and settingsinealimy ..
Mi cu multilaper hastelloy reference.plus vms : c\documents and settingsine...

I

Two new experiment frames appear containing the quantified profiles from
the two files for which at least one VAMAS block is selected.
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Only files in which a VAMAS block is selected are quantified.
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.

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 = (0|:—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 =ili 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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RSF =1, L (2)

5]

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:

1 < Ii_lbg Ndl(l(x)_lbg)
dlEZ{ }j X (3)

i=1 t 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, 9 (4)
(100~ 14y)
[ dx
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 ASCIlI 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.

CasaXP$ Licensed to:A1 CASA - [siingan_|
File RAEE indoe ions  Select  Help

Display VB Index

CapaXPS Licenuad sa:41 CASK - [siingan_nS5c.dp_mch vis]

CA Bl few finden  Cpoons Seled el

0 B o | | 3 ] | [ ]| o]

e I3 L T e e N A = = T S S

B || ] | e || 2E ] o P | SER[MI20) 1| E|I
T

e
o

T apunEEENEE
1 Ziizeizoes |k
EE

\-.*

’ '“ L.
TP il

[l = L L
el

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:| ﬁl'FH|.
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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.

I siinGaN_N55C.dp_ascii - Notepad =3
File Edit Format View Help
DTOS ¥ - 0% Y
S5II X 0%
5II ¥ 0%
Mzss resc : 1000
Contrast Aperture : 400
Field Aperture : 750
Znelysis chamber press. : 0 mbar
3- DETECTCR PARRMETERS
EM Yield : 100.0 %
EM Dead Time : 25 ns
EM BackGround : 0.00E+00 ofs
FC BackGround : Z2.00E+05 cofs3
EM-*»FC Threshold : B.00E+05 cofs3
FC->EM Threshold 1.00E+08 ofs
ELEMENT ZB5i
383 points
[=] [e/a]
1.Z238481E+00 3.8T748Z1E+05
3_.BBS3B3E+00 Z_507T7T03E+04
&_48Z305E+00 Z_Z3BZ4ZE+04 3

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 VAMAS file
Look in: | £ SIMS | ~] ek B2~
B MainGat_Pa7 s siingan_nS5¢. dp_ascii.vms

%] MginGal_P97C. dp_ascii
mginganjg?c.dp_ascii.vms
|1_‘.] profile_refenrence (2).jpg
B SiinGal_MSs. s

SiinGak_MSSC, dp_ascii

File narne: |Siinl3 atl_MB5C. dp_ascil
Files of type: | &1l 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.

CasaXP5 Licensed to:A1 CASA
File Wiew MWindow Options Select Help

Copyright © 2010 Casa Software Ltd
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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.

Convert to VAMAS file 2

T
250

T
300 350

Look in: | £ SIMS |

=« B ef &

B MainGaM_pa7.xls

MginGak_P37C.dp_ascii
mginganj??c.dp_ascii.vms
@ profile_refenrence {2).jpg
B siinGam_MSS, xls

3] siinGal_MS5C.dp_asci

siingan_nSSc,dp_ascii, vms

File narne:

I"SiinG ah_M55C.dp_asci” "MainGal_P37C.dp

Open |

Files of type: | &1 Files [*7)

LI Cancel |a

Again a File dialog window appears, in which each .dp_ascii file within the

current directory can be selected

a single experiment frame.

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
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CasaXPS Licensed to:A1 CASA - [CasaXP2]
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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 Feriodic Table l Input File  Exact Mass l

M arie | tazs Time Bin | Rel.:

5i28 27.9769 -1 1

< *

\5i28

AddFomula | [ 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
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Calibration l SHMS RSF Ealculator] Prepare Profiles]
5 G0
F Define Interface | Diefing Matrix | Ref. Signal___| 2851 [0]
M Matrix In... | Interface | RSF | Spuitter ... | Ci~
bosi Dose [atoms/cm2): gggl {g% gggl {g% :II :II g
4 [10000ss000 235:[01 288:[0] 1 1 1
288! [a] 288! [a] 1 1 2
alliL e <l : :
[10000e+007  f2esifo]  2ssifn] 1 1 1
L. camess (BB 2811 I
2 [ 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 Calibrate Depth Profile | ¥ Momalise to Matix Nterface Statistics
Calibrate All Profiles | W Use Nano metres Prafile Statistics

— T 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 - [siingan_n55c, dp_ascii.vms] [=1E3]
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4. Invoke the Dynamic SIMS Calibration dialog window by pressing the
Dynamic SIMS toolbar button E[

CasaXPs Licensed to:A1 CASA - [sfingan_n’55c. dp_ascii.vms] EEX
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- | x|
I Caliration | SNMS RSF Caleulator | Frepare Profils |
I Define Inteface | Define Matix | Ref. Signal . | [E36a (1]
| Define Sui/BG -
Matriz In... | Interface | A Spudter... | T
e | DossistomsdonZ: | 28810 2SSim 1 7 =
mi s i 3
| 1.00008+000 2 2 1 i 9
i 250 1 | 1
Deglh (m} =i 2si[0 1 1 1
‘ e | mi s i 1
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2 oo | o S B s s 1 1 18
o I~ Elemental RSF 1€ | L)
| I~ UseRef. Signsl  Buk Doped [stamséem3k [1.0000e+000
| Compute RSF | | UseBukDoped  Compue SputerRate | .. |
| RSF: 1.0000e+000 Sputter Rate [cm/s): | [1.0000e+000
| Aol ASF/SF, to Mt | Apply RSF/SA to Inierface |  Restore ASF/SR |
4]
| Depth Frofis Caibration
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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 E0)X)

Calibration } SNMS ASF Caleulator | Prepars Profles |
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Define Surt/BG
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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 i1,

Calibration l SHMS RSF Calculatar ] Prepare Praofiles ]

Define Interface | D efine M atrin | Ref. Signal_._| E9Ga[1]
Define Surf/BG
Matrix ... | Interface | RSF | Sputter ... |

C~
Dioge [atomns/cm2): E3Ga[1]  28Si[0] 1 1 3
E3Ga[1] 2850 1 1 3
1.0000e+000 B3Ga[l]  285i[0] 1 1 g
E3Ga[1]  28si] 1 1 1
Depthirm} | |69Ga[1] 28%i[] 1 1 1
BaGa[l]  28Si[] 1 1 1
1.0000+007 BaGa[l]  28Si[] 1 1 1
BIGa[l]  28Si[] 1 1 1

IV Subhact BG B3Gal]l  2aSiOl 1 1 1 88
I ElementalRSF 1€ L4

I~ Use Ref. Signal Bulk Doped [stams/cma3]: [1.0000e+000

Compute RSF [ Use Bulk Doped Compute Sputter R ate
RSF: 1.0000e+000 Sputter Rate [cm/z): | |1.0000e+000

Apply RSF/SR toMatrix| Apply RSF/SR to\nterface| Restare RSF/SR |

Depth Prafile Calibration

Calibrate Depth Profile | ¥ Momalize to Matix  Nterface Statistics
Calibrate All Profiles | ¥ Use Mano metres Prafile 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.
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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.
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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 | Prepare Profiles |
Define Interface | Define Matrx | Ref. Signal ‘ 285i [1]
Matix In_ | Intetacs | RSF [ sputter |
1

cA
Dose [atamséem2), | B9Ga[1]  265i[0] 7 7
BGal] 2SI 1 1 1
1 BGall] 2] 1 1 2
BGal] 2 1 1 2
Depthinml || |B3Ga[l] 285 1 1 2
BGal] 2SI 1 1 1
1.7764e+003 BGall] 2] 1 1 1
BaGal]  ZEsil] 1 1 1

b Subtract BG BIGalll  zeSilml 1 i 2
I Elemental RSF 1€ E)

I~ UseRef. Signal  Bulk Doped (atoms/em3): 1. 0000e+000

Compute ASF I” UseBukDoped  Compute Sputter Rate .
RSF: | 1 Sputter Rate [emds): | 1]

#ppl FISF/SFito Maix | Apoly RSF/SR ta lnteflace | Restore RSFAR |

Deepth Profile Calibration

Calibrate Depth Profile v Nomalise to Matix _|Nterface Statistics
Calibrate: A1l Profiles [ UseManometies  Profile Stafistics

10.Press the Compute Sputter Rate button.

M Dynamic SIMS (=L

Calibration } SNMS RSF Calculator | Prepare Profiles |

Daflne\nlelface| Define Matric ‘ Fief. Signal ‘ 2851 [0]

Define Surf/BG
Matiix In.__ | Interface | RSF [ Sputer [CA
Doss [atoms/emal | G3Gall]  Z6Gi[0] 1 1 1
saGa(1]  28Si[0] 1 1 1
1.00002+000 aGa(1]  28Si[0] 1 1 2
9Ga(1]  28Si[0] 1 1 2
Depthfoml . | [E%all] 28Gi(0 1 1 2
g9Gall]  28Si[0] 1 1 1
1.77648+003 saGa(1]  28Si[0] 1 1 1
aGa(1]  28Si[0] 1 1 1
b Sublract BG 9GaM]  28SI0I 1 1 2
[~ Elemental RSF 1€ %

™ Use Ref. Signal Bulk Doped (stoms/cm3} (1, 0000e+000

Campule RSF I Use Bulk Doped | [ Eompute Spufter Faie
Rsr; | [1.0000e+000 Sputter Rate [om/s), [[1.8673-007

Apply ASF/SA to Matri ‘ Apply RSF/SA to Interface ‘ Festore ASF/SA ‘

Depth Profile: Calibration

Calibrate Depth Profile W Momalise to Mati _erface Statistics
Caltwate &l Profiles [ Use Mano meties  Profile Statistics

11.0n the Calibration property page, enter the dose value known for
the standard (dose = 2e14 atoms per cm®)

M Dynamic SIMS A=

Calibration ] SNMS RSF Calculator | Prepare Profiles |

Define Interface | Define Matrix ‘ Fief. Signal ‘ 2851 [0]
Define Surf/BG
MatixIn_ | Interface |

RSF | Sputter . [ CA
Doos (stomeronZE | | 69Gall]  2851[0] 1 1 1
eaGafl]  28silo] 1 1 1
2eld BGa[l]  285i[0] 1 1 2
BaGal]  285i[0] 1 1 2
Depth(m} . | [B3Galll 2850 1 2
B3Ga[l] 285i0] 1 1 1
1.7764e003 g3Gafl]  2sin 1 1 1
g3Gafl]  2sin 1 1 1

¥ Subtract BG B9Gafl eSOl 1 1 28
[ ElementalASF 1< ?

I Use Ref. Signal Bulk Daped [stams/cm3k [1.0000e+000

Compute RSF I~ UseBuk Doped  Compute Spuiter Rate
RSF: 1.0000e+000 Sputter Rate [cmdsk | [1.8873e-007

Apply ASF/SA to Matris ‘ Apply ASF/SA to Interface | Festore ASF/SA |

Depth Profile Calibration

Calibrate Depth Profile ¥ Mormalise o Mt _ierace Statistics
Calibrate All Profiles ¥ UseNanomehes  Profile Statistics
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12.Press the buttons labelled Compute RSF

M Dynamic SIMS EEk

Calibration ] SNMS RSF Calcu\alm} Prepare PIDNBS]

Define Interfaca | Define Matix | Ref. Signal .| [2851 1]

Define Surl/BG
MatiixIn_ | Intetace | RSF [ Sputer [
Doze [atoms/cm2) B3Ga[l1] 2851 [0 1 1 1
BIGall]  28Si[0] 1 1 1
2.0000e+014 BaGall]  28Si[0] 1 i 2
BIGall]  28Si[0] 1 1 2
Depthlm} | |63Gal] i) 1 i 2
BIGall]  28Si[0] 1 1 1
1.7764e+003 BaGall]  28Si[0] 1 i 1
B9Gall]  28Si[0] 1 1 1
¥ Subliact BG BGalll  28SiM01 1 i 2
I~ EkmenalRSF 1% L

I~ UseRef Signal  Bulk Doped (stoms/em3L [1.0000e+000

) I" UseBuk Doped  Compute Sputter Rate
RsF: |[[1.1238e+020 Sputter Rate (cm/sk: | [1.8873e-007

Apply FSF/SR 1o Mauix | Apply RSF/SR to Inerface | RestoreRSF/ASR. |

Depth Prafile Calibration

Calibrate Depth Profile v Momalise to Matiy _nietface Statistics
Calibrate A Fiofiles ¥ UseNanometres  Frofile Statistios

I Dynamic SIMS

Calibration ] SNMS RiSF Calculator | Prepare Profiles |

Define Interface | Defing Matris | Ret. Signal | 2851 [0]
Define Sul/BG
Matiix In_ | Interface | RSF | sputter |

Coa
Dase [atams/omz). E3Gal[l] 2851 [0] 1 1 1
s 1 1 1
2.0000e+014 [ 2851 (0] 1 1 2
s 1 1 2
Depthfoml . | |€9Gap(] 28sim] 1 1 2
[-] B3Gall] 28510 1 1 1
1776424003 B9Ga[]  28Si[0] 1 1 1
B3Gall]  28Si[0 1 1 1

I Subhiact BG 9Galll 2851101 1 1 28
I Elementsl ASF 1% %

" UseRef Signal  Bulk Doped [atoms/cm3): [1.0000s-000
Compute ASF I™ Use Bulk Doped Compute Sputter Rate J
RsF | [1123e+020  Sputer Rate [omes) [1es73a007
Apply RSF/SR taalix || Apoly RSF/SR to nterface | Festore ASFSA_|

Depth Profile Calibration

Calibrate Depth Profile ¥ Mormaliss to Matri 1terface Statistics
Calibrate &l Profiles ¥ Ise Nano metres Profile Statistics
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13.Select one cycle in the scrolled list on the Dynamic SIMS dialog
window and press the Apply RSF/SR to Matrix button.

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 (A=

Calibration | SNMS RSF Calculator | Frspare Profiles |

Daiine Interizce | Define Matix | Rel signal | [285i10)

Define Sul/BE
Matrix In... | Interface | | RSF Sputter.. ||CA
Dose [stoms/em2; | 69Ga[1]  265i(0] | 1.723%e. 1.8873%.. |1
B3Ga[f]  26Si[0] | 11238s 18873 |1
2.0000e+014 B3Ga[l]  Z88i[0] | 1123e. 18673 |1
B9Ga[l]  285i[0] | 1123e. 1.8873.. [3
Depthiml: | [6%Gall]  265i(0] | 172%e. 18073k [5
B3Ga[l]  Z8si[0] | 11236e. 18873 [4
1.7764e+003 B9Ga[l]  285i[0] | 1123e. 1.8873e.. [4
63Ga[l] 265i0] | 1123e. 1.8873e.. [4
¥ Subtiact BG B3Gal] 26500 | 1123Fs 1873s. [4¥
[~ ElementalRSF | €

[~ UseRef. Signal  Bulk Doped [atoms/cm3}: (1 0000e+000
Campuite RSF I” UseBulk Doped  Compute Sputter Rate

RSF: 1.1236e+020 Sputter Rate [cm/s): |111.8873e-007
CApplESF/SH o Matie | Apply RSF/SR ta Interface ‘ FRestore RSF/SR ‘

Depth Profile Calibration

Calibrate Depth Profile ¥ Momalise to Matix nterface Statistics
Calibrate &l Profiles [7 LissNanometss  Profie Stafisics
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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

I Dynamic SIMS

Calibration | SHMS RSF Calculatorl Prepare F'rofilesl

Define Interface | Define Matiix | Ref. Signal_._||288i[D]

Define Swi/BG | -
b atrix ... | Interface | RSF | Sputter ... | Cis
Doge [atoms/cm]: B9Ga[1] 285i [0] 11236e.. 1.8873=. 1—
BIGa[l]  285i[0]  1.1236e. 18873 1
|2.DDDEle+D1 4 EaGa[l]  28Si[0] 11236 1.8873. 1
BIGa[l]  285i[0] 1.123Be.. 18873. 9
Depth [nm): _| B3Ga[l]  285i[0]  1.123Be.. 18873e. 6
BIGa[l]  285i[0]  1.123Be.. 180873. 4
|1 7764e+003 EAGa[l]  285i[0] 1.1236e.. 1.8873c. 4
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IV Subtract B& B3Gal]  285iM01  1.123e.. 1.8873e. 4%
™ ElementalRSF 1€ | 2>
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Compute RSF ™ Use Bulk Doped Compute Sputter B ate | |
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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] Frepare Profiles ]

Define Interface | Define M atrix ‘ Ref Signal | 285i[0]
Define Suf/BG -
Matiix [n... | Interface | RSF | Sputter .. | Cin

Dose [stoms/em2), | 69Ga[l]  283i[0]  1.1236e.. 1.8673e. 1
Loc, [1] 'mc'[n] e s o 7 10070 1
[2.0000+014 285i[0]  1173e.. 18873 |1
S 110 (1) B 1 P s PSS I i
Depthlrm} | |69Gal]  265i[0]  1.1236e.. 18873=. 6
BIGa[l]  28Gi[0]  1123e.. 1.0073e. 4
1 77Ede+ D3 B3Ga[l]  28Gi[0]  112%e. 18973 4
B3Ga[l]  285i[0]  1.123e.. 1.8873e. 4

I Subliact BG E9Gal]  285iM00  11236e.. 1887%. 4%
I~ Elemental RSF | % ?

I~ Use Ref. Signal Bulk Doped [stoms/em3)l 1. 0000e+000

Compute RSF [™ Use Bulk Doped Compute Sputter Rate
R5F: 1.1236=+020 Sputter Rate [cmds): | [1.8873e-007

Apply RSF/SR to Matriz | Apply BSFASA o Interface Restare RSF/SR |

Depth Profile Calibration

Calibrate Depth Profile ¥ Mormaliss to oy Mieface Statistics
Calibrate &l Profiles V¥ lsze Mano metres Prifile: Statiztics

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 _kb59Ga
20 |

12 2851

Arbitrary Tnits

18

17

I4E|]0 o 8E|]0I I Il2|00I I I16:.')0I
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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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.
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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.

Il Dynamic SIMS g'i'@

Calibration l SMMS RSF Ealculator] Prepare F‘rofiles]

Define Interface | Define b atris | Ret. Signal_._| FSi[2]

= = I atrix In... | Interface | RSF | Sputter ... | LA
Dose (atoms/cmz2): Si[3] FSi[0] 20678e.. 1.4308e.. 1
5i[3] F5i[0] 2067%.. 1.430%. &
2.0000e+014 5i[3] FSi[0] 2067%.. 1.430%. 9
5i[3] F5i[0] 2067%... 1.4305e. 1
Depth [nm]: J gi[3] F5i[0] 2067%.. 1.4305e.. 1
5i[3] F5i[0] 2067%.. 14308 1
1.7150e+003 5i[3] F5i[0] 2067%.. 1.4305. 2
5i[3] F5i[0] 2067%... 1.4305. 2
M Subliact BG 5i131 FSilll  2057%e.. 1.430%. 2%
[ Elemental RSF £ %

[~ UseRef. Signal Bulk Doped [atoms/cm3): [1.0000e+000

Compute RSF [ Use Bulk Doped Compute Sputter Rate
RSF: 2.2963e+021 Sputter Rate [cm/z] | |1.3972e-007

&pply ASF/SR toMatrix| App|yHSFxsmo|nterrace| Festore RSF/SR |

Depth Profile Calibration

Caibrate Depth Profle | [ Namalise to Mayis Iniefface Stalisics
Calibrate All Profiles | W ze Mano metres Profile 5tatistics

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.
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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).

T .
0 20 il
Cyeles

The secondary ion yield for Mg differs between the GaN and the AlGaN

! I
120

/‘Lﬂm L by

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.
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property page is either all selected or none are selected before

pressing the Define Matrix button.

Ensure the Matrix Index column of the table on the Calibration

B Dynamic SIMS
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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 1 SNMS REF Ea\cu\ator} Prepare F’lof\les}

Define Interface Define Matriz | Ref. Signal Al
Define Surf/BG
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4.7804e+002
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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.
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3. Press the Define Interface button. Only those cycles selected in the

Copyright © 2010 Casa Software Ltd

table will be assigned the VAMAS block reference Al[1].
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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.

xl[:l4
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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 =S

Calibration l SMMS RSF Calculator | Prepare Profiles |

Define Interface | Define b atris | Ref. Signal ... | |.i".| [1]

Define Surt/BG

Doze [atomzcma):

1.0000e+015

b atri [r... | Interface | RSF | Sputter .. A
al1] 1 1

1 1
Al 1 1
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 s . | results 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
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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 @

Cocle:  |29g

Cancel |

Depth [fim]: |1 000a0an

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/SRE to Matrix RSF/SRto Inteface
Peply | button or the Aeply | 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 Restore RSF/SH | 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
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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.
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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 @ ﬂ 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.

B Dynamic SIMS 5/

Calibration l SNM5 RSF Calculator | Frepare Profiles |

{Diefine interface || Define Matrix | Fef. Signal ... ||AI [1]
Define Surf/BG
Makrix In... | Interface | RSF | Sputter... | T
Doz [atarmsdoma): GaZ [2] B9Gal] 1 1 1
GaZ[2]  G9Ga[0] 1 1 3
1.0000e+000 Ga2[2]  Al[1] 1 1 3
Gaz2 [2] Al1] 1 1 3
Drepth [rn): Gaz [2] Al1] 1 1 1
J Gaz2 [2] Al[1] 1 1 4
1.0000e+007 GaZ[2] Al 1 1 g
GaZ[2]  Al[] 1 1 1
W Sublract B Gazl2l  AIM 1 1 1
I Elemental ASF 1€ %

[~ Use Ref. Signal Bulk Doped (atoms/cm3]: |1.nunue+nun

Compute RSF [ Use Bulk Doped Compute Sputter B ate |
RSF: 1.0000e-+000 Sputter Rate [cm/s]: | |1.0000e+000

Appl_l,JF!SFa"SFHUMahiH| .-’-‘n.pplyFISF.-’SFItDIntelface| Restore RSF/SR |

Depth Prafile Calibration

Calibrate Depth Profile | ¥ Momalise to Matix | Meface Statistics
Calibrate &l Profiles | [V Uze Mana metres Prafile Statistics

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 69Gal[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.

I Dynamic SIMS

Calibration ] SMMS RSF Caloulator ] Prepare Profiles ]

Define Interface | Define b atrix | Ref. Signal ... | |M9[3]

Define Suf/BG
bl st 1. | Interface | R5F | Sputter ... |
Doze [atoms/cm2); [m 8.2665e.. 3EE3e.
[ Ga2 [2] ] E9Ga[0] | B.26B%e.. 3JEEIe.
1.0000e+015 8.2665e..  3EE3Te..

C
3
2
2
Gs2[?]  E9Gal0] ©.2655.. 3E6Ile. 2
1
1
1
1
3

Depthrm): | |Ga2[?]  G9Ga[0]  S9.2665e. 3E63e..
GsZ[Z] Al 1 1

4.7804e+002 Ga2[2] A1) 1 1
Ga2[2] A1) 1 1
M Sublract BG Ga2(2 Al 1 1

[~ Elemental RSF 1%
[~ Use Ref Signal Bulk Daped [atomsfcm3]: |1.unnne+unn

Compute RSF [ Use Bulk Doped Compute Sputter Rate
RSF: 8.2665e+020 Sputter Rate (cmdz): I 3EE3e-008 |

App|yH5FfSHtoMatrix| App|yH5F;smo|nterrace| Restore RSF/SA |

Drepth Profile Calibration

Calibrate Depth Profile | W MNarmalise to Matrx | Meerface Statistics
Calibrate &1 Prafiles | W Use Matno metrez Profile Statistics

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.

B Dynamic S5IMS HSES]

Calibration l SMMS RSF Ealcu\aturl Prepare Profiles]

Define Intertace | Define Matrix | Fich Sy ‘ Mg 3]

Define Surt/BG
I atrix I |\ntalfa:e |FESF |5putler | ”~

Dose [atoms/cmZ) Ga2 [2] B9Ga([0] B 2665 36E31e
Ga2 2] £9Ga[0]  8.268%e.. 3EE3le

C

3

2

1.0000e+015 Ga2[2] E9Ga[0] 8.26B%e. 3EBEMe. 2
2

1

1

1

1

3

Ga2[?]  69Ga[l] 82665 3EEITe

Depthinml: | |Ga2(2] = B9Ga[l] A266%e. EG3le
1] 636l 4008
[4 780424002 [G= 21 IIEKD 636+ deO0B
5 636+l 4008

W Subiract BG Ga22l alfl £36e+l.. 4008

[ ElementalRSF |2
[~ Use Ref. Signal Bulk Doped [atoms/em3): 1 0000e+000

Compute RSF I™ Use Bulk Doped Compute Sputter Rate .
RSk ||[6.3600s+020 Sputter Rate (cmds): |[[4 0000e-002

Apply RSF/SR to Matrix || fpoly RSFASA to Interface || Restore ASF/SA |

w
>

Depth Profile Calibration

Calibrate Depth Profile ¥ Nomalise to Matri | Terface Statistics
Calibrate All Profiles ¥ UseMNano metres Profile Statistics

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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1.0000+015 Ga2[2]  E9Gall] B2565e. 3663le. 2

| Ga2[2)  69Gafl] B266Be. 3EE3le.. 2

Depth [nm] Ga2[2] BIGa[0] B2B65e. 3EGIle. 1

| Ga2[2) A1) 638es.. 4008 1

- 4 7804e+002 Ga2[2] Al G36esl.  de0B 1

5 Ga2[2] A1) 638es.. 4008 1
3 | ¥ Sublract BG Gazlal A1 636es.. delB  3Y

I~ ElemertalRSF 1€ ¥

™ UseRef. Signdl ~ Buk Doped [stems/cm3): - [1,0000e+000

RSF: 6.3600=+020 Sputter Rate [om/s) | |4.0000e-008

Apply RSF/SA to Mati | Apply RSF /SR o Interface \ Restore RSF/SR \

I
|
I
I
I
4 | Compute RSF I” UseBulk Doped  Compute Sputter Rate J
I
|
I
I

Calibrate A1l Profiles

[V UseNanametes  Profile Statistics
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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:

CasaXPS$ Licensed to:A1 CASA - [uaim1a-111803.vms]

File YWiew ‘Window Options Select Help -8 X
D || 5| | B s | e | | i | | | |9 W) | a|m e / | ] || ] BB ) S[2 %
0|8 |2 (@@ be]><] 2a]o|| Al & |7 s|m| Dm|e]es| wm]e ) w il
ol |ER| npol | @ | | ol | €0 |bot | o] o] o[ o] B[ (5] 5¥| Elon[] cb{ad| bEoh[uh(w (2
Mane [696a [ Gaz [ mg [ pd |
il B5oGallGaz B Mg BE Pd I
! - [x)
5 (‘\ | G0 Calbration I SHMS RSF Ea\culatnr] Frepare F’rnfiles]
| Define Interface | Define b atrix | Fel. Signal...| Ma[2]
| Define Sut/BG | :
Matrix ... | Interface | RSF | Sput... | Counf
4 | Doze [atoms/cmZ] Ga2 [1] EIGa[0] 1 1 730
E Gaz[1] BiGa[l] 1 1 821
1.0000e+115 Gaz[1] BiGafl] 1 1 725
GaZ[1] BiGEalll 1 1 d3
Depth [rm): J GaZ (1] BiGall] 1 1 7RG
GazZ [1] BiGa[0] 1 1 TEB
4.7804e+002 Gaz [1] BiGall] 1 1 kil
S (S SR LB
I Elemental RSF £ L)

I~ Use Ref. Signal Bulk Doped [atoms/em3): (1. 0000e+000

Compute RSF [™ Use Buk Doped Compute Sputter Rate
RSF: 8. 2665e+020 Sputter Rate [cmds): | |3.6631e-008

Apply RSF/SR to Maliis | Apply RSF/SR tolnieriace | Restore RSF/SR |

[repth Profile Calibration

Calibrate Depth Profile V¥ Momalise to Matrix | 'nteface Statistics
Calibrate All Profiles ¥ Use Mano metres Frafile Statistics

1 T T T T T
1] 40 a0 120 160 200 240 280
Cycles

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 E

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 hatrix Mg Implant
Areal Density 1 038e-+015 atomeferal, Background Intensity = 3.782e+H017 atorsicras
Peak Height 1.113e+120 atomefera3, Peak depth 76 592
Decay Length (1) 45 661 nn (1/10):105.14 nm
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60Ga
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W iy il
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Depthinm)

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

=)
L

Atom Dengity Atomslem3

ta
I

allow their visualization within the same scale as the calibrated Mg profile.

ol | ] o | | o v 0 o | o [ 2| B [E 15| ¥ B cobla| (ol mh| @i
Mane [6o5a [ Gaz [ Mg [ Pd |
1 69Gs | caz [NUW] FPd
- CIEX

Calibration 1 SMMS RSF Ea\culatol] Prepare Proh\es}

Defing Interface Define Matrix | Ref. Signal
Define Surf/BG Edit VAMAS Block Comment Preview.

) Dass [stoms/ome] \Areal Density 1.038e+015 atoms/em2, Background Intensity = 3.782e+017 atoms/em3
[ Peak Height 1.113+020 atoms/cm3, Peak depth 76.538 nm
| 1.0000e+0156 Decay Length [1/2):45.651 nm (1/10):105.14 nm
‘ Depth [rim]:

4.7804e+002
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™ Elemental RSF
[ Use Ret Signal

Compute RSF
RSF: . 26652+()

Apply RSF/SH to Mat
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'H 1 "1 Depth Profile Calibration
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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.

CasaXPs Licensed to:A1 CASA - [bstd01.dp_rpc_asc.vms]
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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.
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Calibration ] SMS RSF Calculatol] Prepare F'mfiles]

Defing Interface | D efing b atrix I Ref. Signal ... | T1E [0]
Define Surf/BG
Matriz In... | Interface | ASF Sputter ... | T

Daze [atoms/cmZ]: Reference Signal E

5.0000=+014 _
Ok

Depth [nm]): M
ance

7.7000e+002

v Subtract BG Fieference Signal CPS: |2??8IJEIDDD

[ Elemental RSF

IV Use Ref. Signal

Compute RSF [ Use Bulk Doped Compute Sputter R ate
RSF: | 7.3204e+022 Sputter Rate [cmdz): | 1.9593e-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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blocks toolbar button.
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Create a new experiment frame E[ and press the Copy/Paste VAMAS
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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

therefore only the selected blocks appear in the experiment frame.

CasaXPS5 Licensed to:A1 CASA - [CasaXP5]
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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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Define Suf/BG -
Matrix [n... | Interface | RSF | Sputter .. | C~
Dase (atomsemz): MassZ ns.. Masslm. 1.8836e.. 1.407Be.. 3
Mass2ns.. Masslm. 1.8836e.. 1.4075%e.. 4
2.0000e+014 MassZnz.. Masslm. 1.8536e.. 14075e. 3
Mass2ns.. Masslm. 1.8836e.. 1.4076e. 5.
Drepth [m]: J MazsZ .. Masslm. 1.8536e.. 1.40F5e.. 3
Mass2ns.. Masslm. 1.8536e.. 1.4075z. 4
1.5180e+003 Mags2 s Masslm. 1.8636e.. 1.4075e.. 7
Mass? s MassTr. 1.8536e 1.4075e E
] St ElE MassZrs.. Massirm. 1853e. 14076z 3%
I Elemental RSF 1€ | 2

I~ UseRef. Signal Bulk Doped [atoms/em3): |1, n000e+000

Compute RSF I™ Use Bulk Doped Compute Sputter Fate .
RSF: 29601 e+021 Sputter Rate [cmds]: | |1.4142e-007

Lpply RSF/SR toMatlix| AppIyF!SF.fSF!loInlerFace| Fiestore RSF/SA |

Depth Profile Calibration

Calibrate Depth Profile ¥ Mormalise to Matrje _Inteiface Statistics
Calibrate: Al Profiles ¥ Use Nano metres Profile Statistics

149




CasaXPS Manual 2.3.15 Rev 1.0 Copyright © 2010 Casa Software Ltd

A new experiment frame appears contain the quantified profiles.
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