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Copyright

(©) 2024 Gwilherm Kerherve Licensed under the BSD-3 Li-
cense, allowing for broad use, modification, and distribu-
tion. When using KherveFitting in academic or research
contexts, appropriate citation would be appreciated to ac-
knowledge the software’s contribution.

Authors

Dr. Gwilherm Kerherve, Elwen Kerherve (colors) &
William Skinner, Department of Materials, Imperial Col-
lege London, |g.kerherve@imperial.ac.uk.

The software was tested by Mark A. Issacs (HarwellXPS),
Arthur Graf (HarwellXPS), Benjamin Reed (NPL) and
David J. Morgan (HarwellXPS)

Overview

KherveFitting, see Fig. [I7] is an open-source software
developed in Python, using wxPython for the graphical
user interface, MatplotLib for data visualization, NumPy
and Imfit for numerical computations and curve fitting
algorithms, and Panda for manipulating Excel files.

It is aimed at users who want to analyse single or multi-
ple samples with multiple core levels, perform automated
batch fitting, depth profiling, and advanced statistical
analysis including PCA. KherveFitting is designed to be
elegant and simple to use.

Note

KherveFitting is currently under heavy improvements and
so some of the Figures shown here does not correspond to
the current version and are from a previous version. After
version 2.0, the software should have found its permanent
look and feel.

The name Kherve is short in Britanny language (Celtic
part of France) for Kerherve.
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Installation Instruction

Note: To keep the software free of charge, no signing cer-
tificate or security key was purchased. All executable files
and scripts are delivered unsigned.

1. Windows (Installer)

e Start the KherveFitting launcher.
e Approve to execute the unsigned software

e Choose the File location. Do not choose the Program
Files location as it would require to be administrator
to run.

e Do not run under administrator as the drag and drop
function would not work.

2. Windows (Binary file from the Beta
folder)

e Make sure you had previously downloaded and in-
stalled KherveFitting from the installer mentioned in
section above.

e Copy this new executable in the KherveFitting folder.

3. MacOS

e Drag the KherveFitting app to your Applications
folder.

e Double-click the remove quarantine.command script.

e NOTE: When you try to open the script, macOS may
show a security warning:

If it says “cannot be opened because it is from an
unidentified developer” Right-click (or Control-click)
the script and select ”Open”.

If a second warning appears, click “Open”
to confirm - If completely blocked, go to System
Preferences>Security & Privacy Look for a message
about the blocked script and click “Open Anyway”.

The script will remove security restrictions from
KherveFitting.

e Launch KherveFitting from your Applications folder
(You may need to right-click and select “Open” the
first time).

Why is this needed? - This application is free and so it
does not have a security key. - macOS applies security
restrictions to applications downloaded from the internet.
The helper script safely removes these restrictions for k
herveFitting only.

Note: A beta version is also available under the same Beta
folder as Windows OS.
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Getting Started

1. Instrument Settings

Before starting the analysis, ensure that you select the cor-
rect sensitivity factor for the instrument used to measure
the data. This can be found in Edit — Preferences —
Instrument Settings, highlighted in red in Fig. |1} The fol-
lowing configurations are required for some instruments:

[u ] =1

Current Instrument it

ECF Method:

Edit Library

Library to JSON

View Library Data

(@ Use Angular Correction
Analysis Angle (°): 547

Photon Source: AlKa

Custom Energy (eV): 1486.6

Reference Peak: ClsC-C

Reference BE (eV): 2848

Save Cancel

Figure 1: Instrument settings tab in the Preferences win-
dow.

e General settings: C-Al1486 and TPP-2M

e Thermo Kalpha and Nexsa: A-ALTHERMO1

and TPP-2M

e Kratos (new instrument): C-KRATOSF1S -

Al1486 and TPP-2M

e Kratos (older instrument): C-KRATOSCIS -

Al1486 and TPP-2M

Depending on your instrument, the angle from the X-ray
source to the analyzer can also be adjusted, with the de-
fault value being the magic angle (54.7°). The Doublet
Splitting (DS) values are stored in C-Al1486 and used for
all instruments.

2. Open Files

Drag the XPS file (.xlsx, .vms, .kal, .spe) into the plot
area. If the file is not in KherveFitting format, the pro-
gram will create an Excel file in the correct format. Trans-
mission data will also be exported, and raw data will be
corrected, as shown in Fig. [2|

As an example, drag the file named ”STO.xlsx” located in
KherveFitting — Data. Using the middle mouse button,
sroll to the Sr3d core level. This file shows XPS data
obtained on a SrTiOg thin film on a XPS Thermo Kalpha.
Make sure you have selected the RSF A-ALTERMOO1
from the preference window.
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Transmission Corrected data

Drag the vamas file An Excel file is created

7 into the plot \
LY LTI T Y € TN
L L

1 orrected Rai ansmissi
2 89.99|663.0585 | 544.369 0820007
3| 80.89|719.3057| 590.500 0820043
4 8979)655.6335| 538203 082089
5| 89.69|696.1939| 571461 0820835
5
7
8

B
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=
-
-
-
T .
T 3

89.50 727.9634
89.49[710.0802 59017 0.820720
89.30 687.2761 | 564.031 0.820676

5075 0.820783

Figure 2: Opening a file: Example of a Vamas file.

Supported File Formats

KherveFitting supports importing data from a wide vari-
ety of instruments and file formats:

e KherveFitting native: Excel (xlsx) with JSON

metadata

e Thermo Scientific: Avantage Excel (.xlsx), AVG files
(-avg)

e Thermo Scientific VGD: VGD files (.vgd)
e VAMAS: Standard format (.vms)

e Kratos: KAL files (.kal)

e PHI/ULVAC-Phi: SPE files (.spe)

e Scienta: Scienta files, Scienta Maps

e Igor Pro: .dat and .itx files

e VG Microtech: Multiple format support

e Generic formats: CSV, ASC (Surface Science Spec-
tra)

e Raman: TXT files

e XAS: Diamond B07 beamline format

Multiple files can be imported simultaneously using the
Import menu or by dragging and dropping multiple files
onto the plot canvas.

3. Plot and Core Level Control

To familiarize yourself with KherveFitting, it is important
to learn the different shortcuts. Scroll down the mouse
button to switch between different core levels. Alterna-
tively, use Ctrl+[ or Ctrl+]. Pressing the Ctrl key al-
lows you to change plot properties. Below is a list of the
most useful shortcuts:

1. Ctrl+Left or Ctrl+Right: Move left or right along
the X-axis.
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2. Ctrl+Up or Ctrl+Down:
Y-axis.

Zoom in or out along the

3. Ctrl+"+" or Ctrl+"-":

X-axis.

Zoom in or out along the

4. Ctrl+Shift+Left: Zoom in and out along the X-axis
while keeping the Low BE minimum constant.

Alternatively, you can zoom in and out using the right-
click menu or the zoom toolbar.

4. Prepare for Peak Fitting

oA

Press the peak fit icon to open the peak fitting window.
The fitting window (see Fig. [3]) consists of two tabs: Back-
ground and Peak Fitting. Select the Background tab to
create a background. The default method, Multi-Regions
Smart, is suitable for most fitting applications.

To create peaks, select the Fitting tab. The default fit-
ting method is least squares, which is appropriate for
most models. The default fitting model is the product of
Gaussian and Lorentzian GL(Area), a simple model useful
for users new to XPS. However, the recommended fitting
model is Voigt (Area, L/G, o), as it is the most phys-
ically meaningful. The LA (Area, o/, ) model lacks
physical meaning but is familiar to users experienced with
CasaXPS.

Background Ppeak Fitting Batching
Method:

Smart o

Offset (Left): 0.00

Offset (Right): 0.00

Region (Left): 106.28

Region (Right): 96.33

Averaging Points: 5

Smooth noisydata: [
2866.0,1643.0,1.0,0.0

Regions:

Switch Region Remove

TAB key Regions and Peaks
) Remove
Mode All Regions
Create Remove
Region Current Region

[

Figure 3: Peak fitting screen (KherveFitting v1.4).

5. Create a Background

To create a background, click on the left side (high BE)
and right side (low BE) of the plot, ideally in a flat re-
gion about 1-2 eV away from the peaks. Press the Create
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Region button. When using Smart or Shirley, it will gen-
erate a Shirley background between the two vertical lines
and a region noted ’1’ will be created, see Fig.

@
&
L
z
2
2

|

142 140 138 136 134 132 130 128
Binding Energy (eV)

Figure 4: Create a Shirley background.

6. Create a Peak Model

Press the peak fitting tab of the peak fitting window. The
fitting model is set by default to the In this
case, the Sr3d core level is composed of two peaks (dou-
blet) of width (FWHM) around 1 eV split by about 1.7
eV. Press the Add 2 Peaks button Bl This will create 2
peaks namely A and B where peak B is linked to peak A
with the following characteristics:

e Position of A+ 1.7#0.2: Peak B will be spaced
1.7 eV away from peak A with a possible variation of
+ 0.2 eV.

e FWHM of A x 1: The width or FWHM of peak B is
fixed to the one of peak A. No variation is given here.

e Area of A x0.667#0.05: The area of peak B is con-
strained to the one of peak A x 0.667 or /1.5 with a
possible variation of 4+ of 0.05. In a d shell, the num-
ber of electrons in the 5/2 shell is 6 and the number of
electrons in the 3/2 shell is 4 so the ratio is therefore
0.667.

| =T

14{™ " Sr3d

an1702

Background Peak Fiting _ Batching

Fitong Model st (vea)

06

Puarssm .
[xio"

1“2 M0 138 136 134 132 130 128
Binding Energy (eV)

Figure 5: Add two SGL peaks.
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7. Fit the Peak Model

Press the Fit N# times button and wait for the 20 it-
erations to complete, see Fig. [6] Once the fit complete,
The Residual standard deviation (RSD) is around 2.0-3.4
which is acceptable for a SGL model. The results show
that the peaks have a FWHM of around 1.0 eV and a
L/G ratio of about 62%.

1a{™= " sr3d

310 7m0

0335 280 1107
12 B scayapz 1426 G7 oss 2910 7980e
} a1 A1 avseoon

Intensity (CPS)

it

142 140 138 136 13 132 130 18 =
Binding Energy (eV)

Figure 6: Fit two SGL peaks.

Please note that the L/G ratio changes with the width of
the peak. A sharper peak will tend to be more Lorentzian
while a wider peak would tend to be more Gaussian. It is
not advisable to keep the peak shape to 30%

8. Move the Peak Model

Use Tab or Q to select the peak A. When a peak is selected,
the label is on top of the peak. drag peak A by pressing
the left mouse button and with the mouse on top of the
cross, see Fig. [7] Note that the peak B moves with peak A
as it is constrained to A with position and area. Dragging
peak B moves only peak B. You can also drag the peaks
by pressing the Alt key + Left or Right or Down or Up

x10°
mm pl

14 Sr3d

1.2 1

1.0 1

0.8 1

Intensity (CPS)

0.6 -

0.4+

WX o e,

138 136 134 132 130
Binding Energy (eV)

Figure 7: Drag the doublet.

140
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9. Other Models

Press the Remove Last Peak button twice to remove the
two SGL peaks. Select The [LA (Area, o/7, )| model
and press the Add 2 Peaks button where two LA peaks
are created. Press the Fit N# times button. Note that
the RSD is around 1.8-2.4 which is lower than for the GL
model. In contrast to the GL model, the LA model is a
full Lorentzian model that is powered on the right side by
~v and on the left side by o. The bigger the power, the
more gaussian is the model. Fig. |8 shows the peak fitting
grid obtained after fitting the Sr3d. The value for o and
v gives the shape of the peak and are optimised during
the fit. A value of o/v of 50% (o = ) represents a fully
symmetric peak (default value). A value of o/ of less
than 50% is an asymmetric peak. Fit the Pt4f file if
you wish to fit assymetric LA.

D Peak Position Height FWHM | o/y (%) Area o ¥
Label (eV) (CPS) (eV) /G (CPS.eV) W LA
1 (A Sr3d5/2 p1 13249 00737 0.96 50.00 111374 3.13 3.13
2 126.08,142.08 0.3:35 Fixed 1:1e7 0.01:10
3 |B Sr3d32p2 134.24 1 0.96 50.00 76884 3.13
4 A+1.7#0.2 At A*1 A*0.667#0.05 AM1

Figure 8: Peak fitting grig for the LA model.

Press the Remove Last Peak button twice to remove the
two LA peaks. Select The [Voigt (Area, L/G, o) model
and press the Add 2 Peaks button where two Voigt peaks
are created. Press the Fit N# times button. Note that
the RSD is around 2.9-3.1 which is lower than for the GL
model. In contrast to other models, the FWHM of the
model cannot be changed or constrained. Instead, the
user can control and constrain the Gaussian width part of
the peak as well as its L/G ratio. The Lorentzian width is
then calculated from the L/G ratio. This allows the user
to constraint the L/G ratio to other peak. It has to be
noted that:

e A peak with a FWHM of 1.0 to 1.5 eV leads to a L/G
ratio around 20%.

e A peak of width above 1.5 eV leads to a L/G ratio
between 10-20%.

e A peak of width below 1.0 eV leads to a quick increase
of the L/G ratio from 20% to 50-60%.

Fig. [9] shows the peak fitting grid obtained after fitting
the Sr3d. The value for W, and W, are the width of the
Gaussian and Lorentzian, respectively. The column with
grey values are for indication only and cannot be changed
while the one in black can be changed.

KherveFitting Help Guide / issue 1.7 Jan 2026

D Peak Position Height FWHM | o/y (%) Area o ¥
Label (eV) (CPS) (ev) L/G (CPS.eV) W LA
4 A 5r3ds22p1 132.49 0.98 25.28 116321 0.82
2 126.08,142.08 2:80 1:1e7 0.01:3
3 B Sr3d3/2p2 134.24 2637 80466 0.82
4 A+1.7#0.2 A% A*0.667#0.05 A*1

Figure 9: Peak fitting grig for the Voigt model.

Repeat the same fitting process using the Voigt model
on Ti2p, see Fig. Note that when adding a doublet
for Ti2p or V2p, KherveFitting does not constrain the
FWHM of peak B with peak A, as for an oxide the width
of Ti2p, /5 is wider than that of Ti2p3/, due to the koester
kronig effect.

X108 Pesk Parameters Results

14 oL

Ti2p © e o

T R0l

Intensity (CPS)

y
i |

75 470 465 460 55 450
Binding Energy (eV)

Figure 10: Fit of Ti2p using the Voigt model.

e Sl e e P R ALY

10. Export to Results Grid

&

[—

The comparison between different core level in term of
atomic concentration can be done in the Results grid.
Note that the correct RSF library and method needs to
be selected prior to this process. To export to the Results
grid, Press the Export icon in the toolbar. Export Ti2p
and Sr3d data into the Results grid. Tick the Ti2p3,, and
the Sr3ds/o and see Fig. [T1] for the example.

Peak Position FWHM Atomic Norm. Area

Area
Label (V) () (CPS.eV) %) e e == An (a.u)
4 |Ti2p32p1 458.00 1.03 113274.80 53.84 @ 442 10 TPP-2M A-ALTHERMO1 404.75
2 [Tizp12p2 463.74 197 61769.81 0.00 (m] 206 1.0 TPP-2M  A-ALTHERMO1 476.14
3 [Sr3d52 p1 13250 0.98 115384.40 46.16 4‘25 10 TPP-2M  A-ALTHERMO1 346.85

4 (S13d372 p2 13424 099 79363.51 0.00 () 283 10 TPP2M A-ALTHERMO1 346.62

Figure 11: Results grid showing the atomic concentration
of Ti2p3 /o against Srdds,»

Note that the results grid is still under development and
sometimes the tick does not refresh. A simple solution is
to click on the plot and the correct tick state is shown.

11. Load a Peak Table
D

Peaks table can be saved as a .json file to be re-used.
Scroll down to Cls and press the Load Peaks Parameter
icon on the right of the horizontal toolbar. Select the
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Cls_C-C_4peaks_Voigt_GK_xxxx.json peak table, see Fig.
[[3] Note that 4 peaks have been created in the peak fitting
grid.

Intensity (CPS)

b0

2975 2950 2925 2900 2875 2850 2825 2800
Binding Energy (eV)

Figure 12: Loading of the Cls peak table using the Voigt
model.

The background needs to be created next. Go onto the
background Tab and place the vertical lines 1-2 eV away
from the peaks. Press on Create Region and a Shirley
background is created. Next go back to the Peak Fitting
tab and press Fit N# times. Cls should be fitted with
a RSD of about 1 eV.

Intensity (CPS)

2975 2950 2925 2900 2875 2850 2825  280.0
Binding Energy (eV)

Figure 13: Final result of the fitted Cls core level.

Repeat the same process for the Ols core level but this
time using the 01s_0-Lat_3peaks_Voigt GK_xxxx.json.
Set the background between 527.3 eV and 535 eV. Note
that the O-surf peak is almost insignificant and can be
removed from the peak table.

12. Binding Energy Correction
000 = t

KherveFitting looks by default for a peak called Cls C-C
and calculate the difference between the current peak po-
sition and 284.8 eV. Note that this can be changed in the
Preferences window under Instrument Settings. Press the
green peak as shown above and take note of the new cor-
rected value of around 0.29 eV. Now all the peaks in the
Peak Fitting grid and in the Results grid have shifted by
+0.29 eV. The binding energy correction can be reversed
by writting 0.00 in the Numeric control shown above and
by clicking on the plot.
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Peak Fitting Parameters

Cls D =

Label
A ciscC

B CisCO
D C150-C=0

1
2
3
4
5 |[C Clsc=0
6
7
8

Peak
Label

Position | |
(ev)
284.80

273.00,298.00
286.05

As12

28729
287:288.2
288.59

A+3.5%04

Position
(ev)

292 290 288 286 284 282
Binding Energy (eV)

Figure 14: Cls core level corrected to C-C at 284.8 eV.

13. Background Offset

KherveFitting allows to offset the background by mouse
control. Scroll down to Ols core level. Zoom down
(Ctrl+Down) to the background level. You should get to
a plot similar to Fig.

x10°
* RawData
525 Background
: —— Overall Fit
. O1sO-lat
W= 01s O-Surf
5.00 | mmm 015cO,0H
4.75
g
2450
z
z
o
£ 425
4.00
3.75
3.50 {x102
.51
§ 01
@5
545.0 542.5 540.0 537.5 535.0 532.5 530.0 527.5
Binding Energy (eV)
Figure 15: Ols core level zoomed down to background
level.

Go on the Background tab and make sure the Vertical
Lines are reset by pressing on Reset Vertical Lines
button. Select a range between 527.3 and 537.5 eV, then
press Shift and hold the background at high binding en-
ergy and shift it down as per Fig.
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» »
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Figure 16: Ols core level zoomed down to background
level.
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In more details

The software interface (Fig. features three main sec-
tions: a plot area on the left showing spectral data, a peak
parameter grid on the upper right for adjusting fitting pa-
rameters, and a results grid on the lower right displaying
calculated values. Two toolbars provide quick access to es-
sential functions. The horizontal toolbar includes tools for
opening files, selecting spectra, adjusting plot components,
fitting peaks, calculating noise, identifying elements, and
exporting results. The vertical toolbar allows easy adjust-
ment of the plot’s x- and y-axis limits.

Process Worklow

The software workflow follows a structured process for
XPS data analysis (Fig. . Users start by import-
ing data through either drag-and-drop functionality or the
open button, with automatic conversion of various file for-
mats to the KherveFitting Excel format.

After loading the data, users select specific spectra using
the mouse wheel or dropdown menu. The software offers
two main analysis paths: element identification for survey
spectra through a periodic table interface accessed via the
”ID” button, or peak fitting for narrow scans to identify
chemical states and determine sample composition.

For survey spectra, the periodic table displays binding en-
ergies and intensity ratios for each element. A practical
example is shown in Figure [I9] featuring a hard carbon
survey scan with identified elements and their character-
istic peaks.

Open / save Excel, PNG, all Core level

Undo / Redo BE correction

Copy, Join, delete,

When creating a peak model, the peak fitting window first
prompts the fitting of a background over a selected range,
with models that currently include linear, Shirley , Smart
and Tougaard. Further details of each of these methods
are included in the Background Models section.

After establishing the background, users can create peaks
of varying shapes and configurations. The software of-
fers multiple peak models based on Gaussian-Lorentzian
combinations, optimized for XPS data analysis. Common
models include GL, SGL, Voigt, LA, and DS functions,
with detailed descriptions provided in the Peak Models
section of the manual.

The peak parameter grid (Fig. enables interactive ad-
justment of peak properties and constraint settings. Pa-
rameters like position, area, LG ratio and FWHM can be
modified either through grid inputs or by direct peak ma-
nipulation using click-and-drag operations.

Fitting is performed using the variety of fitting algorithm
via the LMFIT Python library [I]. Fit quality indicators
(R2, reduced Chi?) appear in the parameter grid, while
RSD values are shown in the residual plot. Users can refine
fits through manual adjustments or by adding/removing
peaks, with undo/redo functionality supporting experi-
mental flexibility.

The process can be repeated across multiple core lev-
els within a file. Binding energy correction is available
through either manual adjustment or automatic detection
of reference peaks (default: Cls C-C at 284.8 eV), with
customisable reference values in the preferences screen.
Final analysis includes atomic concentration calculations
using Scofield sensitivity factors with additional correction
factors as detailed in the Theoretical background section.

Open/save
Peak library

Export to
Results grid

Peak fitting window
D-parameter measurement

File Edit View Tools ip
= (@ = - . Wini  Mod Thidk Pca = 5 o e T o
= EEE8HGCe kB EaCh®n -~ RAEG FREEF S DR DRl BB o0«
8 [E] R Peak Fitting Parameters
X0 o Pek Heght FWHM oy 0A  Awa oy | Wg Conc ... Spit
] o 16 Ni(0) peak 1 Ni 2 Label () ©PS @ | UG  (PSe) Wo Wi  Skew 0% ©
] p A N2p32NO)pesk 85247 " 115 30 11 s ses 10 3
o m— Ni(0) peak 2 1
© 581 Ni(0) peak 3 2 as18s3s 0315 1167 Faed 1422
- 14 Ni(OH)2 peak 1 3 |8 Ni2p3/2Nil0)peak 856.07 406665 295 4167 127700
g <> EEE NYOH]2 poak2 ) mes aL75 A aoo7
= Ni(OH)2 peak 3
[e] <> W NiOH)2 pesk 5 |C NiZp3/2NiO)pesk 858.95 s 295 e 151680
E 82 12 0 Ni(OH)2 peak 5 5 A603 mi7s a1 avoase
é =7 7 D NiZp3/2Ni(OH)2 pi 854.60 < 131 300 284056
O
0 [T s ssa685499 100131 Fixsd 2640562840
=
8 “ b 10 g (E Ni2p3/2Ni(OH}2 p 85532 184 249 300 1739232
= e "
= £ 10 oo Pealefitting parameter grid
E ~ = 08 41 F Ni2o3/2NiloH}2 p 857.34 o 1es 00 115032
v 1T = o279 w4z D D%0a0s
8 _I 43 |G Ni2p3/2 NilOH)2 p 860.23 8 126 300 537.0
B _T_ 0.6 1 Results [Row 0]
= Peak Posiion FWHM  Area  Atomic Corr. Area Weight Mass
a | ) Label @ | e (cPsen | e e e — @u) (0 Gamu)
044 |
A+ S X10°
A' g 04
@
o
B e = me o 0 85 8 Results grid
890 885 880 875 870 865 860 855 850 845 g
Binding Energy (eV)
|setected File: cAL ive - Imperial College \ o8 irting) (0)-Ni0_Kftting.xisx BE: 845.144 eV, 1: 96468 264 CPS

Figure 17: KherveFitting interface showing peak fitting parameters, constraints, quantitative results, and plot controls.
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Results are exported to the grid (Fig. and saved in
Excel format for compatibility with other software plat-
forms.

Opening Files

KherveFitting can open Excel files (.xlsx) and im-
port/convert Avantage Excel (.xlsx), VAMAS (.vms),
Kratos (.kal), Thermo (.avg) and Phi (.spe) files and Avan-
tage files into Excel format. For best results:

e Place raw data (X,Y) in Columns A and B, starting at
row 0

e Use the row offset control in the horizontal toolbar if
needed

e Save each core level in a separate sheet named after the

core level. Do not use white spaces, e.g. Si2p, Al2p,
Cls, Ols.
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Figure 19: Survey spectrum of a hard carbon sample showing the presence of O, C and Na. KherveFitting allows the

labeling and the measurement of each species.
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Figure 20: Representation of the Fitting screen window
consisting of the background tab (left) and the fitting tab
(right).
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Figure 21: Import File Menu.
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When reopening a saved fitting, KherveFitting also looks
for a JSON file of the same name containing all the re-
quired properties.

KherveFitting also supports drag and drop functionality
for opening files. Users can simply drag and drop Kherve-
Fitting or Avantage Excel (.xlsx), VAMAS (.vms), Kratos
(.kal), Thermo (.avg or .vgd) and Phi (.spe) files directly
onto the plot canvas, and the software will automatically
open and process the files. This convenient feature allows
users to quickly import data without having to navigate
through file menus or dialogs. KherveFitting will detect
the file type and handle the appropriate opening and con-
version process, making the data immediately available for
analysis. The drag and drop functionality applies to both
single files and multiple files. Users can select one or more
Excel or VAMAS files and drop them onto the canvas to
have them all loaded and processed by KherveFitting.

Saving Files

KherveFitting offers three saving options:

. Save corrected binding energy, background, envelope,
residuals, and fitted peak data of the active core level
to columns Donwards in the corresponding json file. No
Excel sheet is saved at this point.

. Save the Excel sheet and the figure of the active core

level to the corresponding Excel sheet and as a PNG
file.
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3. Save all fitted core level data, including figures, to the
Excel file. Peak fitting properties for all core levels are
saved in a JSON file.

Plot Window

Vertical Toolbar:

The vertical toolbar located on the left side of the plot
window provides essential plot manipulation tools:

Zoom Tools

f® Zoom In: Click to enable zoom mode, then drag
to select area

2

e
. ‘ Drag: Enables plot panning

° Zoom Out: Returns to full view

Binding Energy Controls

o P High BE adjustment

o =1 Low BE adjustment

Intensity Controls
o T High intensity adjustment
o 1L

Low intensity adjustment

Text Controls
° A+ Increase font sizes

[ A- Decrease font sizes

Toggling Display Elements

Use toggle buttons to show or hide various plot elements:
L~ i &

e Raw data points
e Background line
e Individual fitted peaks
e Overall envelope

e Residuals

Legend
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Keyboard Controls for Plot Manipulation

XPS spectra manipulation and peak fitting can be effi-
ciently controlled through keyboard shortcuts:

Peak Navigation and Selection
e Tab/Q: Navigate through peaks (next/previous)

o Alt+Arrow keys: Adjust selected peak

Alt+Up/Down: Increase/decrease Peak intensity

Alt+Left/Right: Move peak position to higher/lower
BE

Alt+Shift+Left /Right: Increase/decrease peak FWHM

Shift+scroll wheel: Drag to adjust FWHM

Plot Navigation

e Ctrl+[ or ]: Switch between core levels (previous/next)
e Ctrl+Up/Down: Adjust plot intensity scale

o Ctrl+Left/Right: Shift plot to higher/lower BE

o Ctrl+Plus/Minus: Zoom in/out

o Shift+Left/Right: Adjust high BE range

General Controls

e Ctrl+Z/Y: Undo/Redo (up to 30 events)

Ctrl+S: Save (grid data only)

Ctrl4+-P: Open peak fitting window

Ctrl4+A: Open area calculation window

Ctrl+K: Display keyboard shortcuts

Plot Preferences

The plot preferences window, see Fig. 22| provides compre-
hensive control over the visual appearance of XPS spectra
through three main tabs. The Plot Settings tab is the
primary interface for customizing data visualization. Use
the Preferences window to customize the plot appearance,
including:

e Colors for raw data, background, fitted peaks, and resid-
uals

e Line styles (solid, dashed, dotted)
e Marker types for data points
e Font sizes and styles

e Axis labels and titles
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XPSPlot QOther Plots Text/Axis Save Instrument

Plot Style: Scatter Envelope Line:
Scatter Size: 3 = Envelope Alpha: 07 =
Scatter Marker: p v Envelope Width: 1 —
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Line Width: 1 = Peak Fill Type: Solid Fill o
Line Alpha: 09 = Hatch Pattern: / o
Line Color: ] Hatch Density: 3 s
Peak Color: ]
Residual Line: " Peak Alpha: 06 =
Residual Alpha: s . Peak Line Style: Black v
Residual Width: 1 . Peak Line Width: 1 -
Residual: Peak Line Alpha: 04 C

Background Line: § Legend Display: Peaks Only ~
Background Alpha: g = Y-Axis Display: Full
Background Width: 1 . Residuals Display: In Subplot

Background: Survey Table Display: g

Save Cancel

Figure 22: The preference window under the plot settings
tab

e Instrument settings with various RSFs and ECF
methodologies

Plot Settings Tab

Raw Data Display: Raw XPS data can be displayed ei-
ther as scattered points or continuous lines. In scatter
mode, customize point size (1-50), marker style (circle,
square, triangle, diamond, or star), and color. Line mode
offers width control (1-10 pixels) and transparency adjust-
ment through the alpha parameter (0-1). These options
allow clear visualization of experimental data points while
maintaining a clean presentation.

Peak Display: Fitted peaks can be represented with
either solid fills or customizable hatch patterns. The hatch
density (1-10) controls pattern spacing, while peak trans-
parency is adjusted via the alpha parameter (0-1). Peak
outlines can be hidden, colored (black, same as fill, grey, or
yellow), with adjustable thickness (1-5 pixels) and trans-
parency. These options enable clear differentiation be-
tween multiple peaks while maintaining visual clarity.

Component Display: Additional spectral components -
background, envelope, and residuals - each have customiz-
able line styles and colors. The background can be shown
as solid, dashed, or dotted lines with adjustable color and
opacity. The envelope (overall fit) and residuals follow
similar customization options, allowing for clear visualiza-
tion of fit quality and individual spectral components.

Text/Axis Settings Tab: This is the Settings for fonts,
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axis labels, and tick marks

Instrument Settings Tab: These are the XPS

instrument-specific parameters.

Peak Fitting Grid

The peak fitting grid displays parameters for each fitted
peak across two rows - one for values and one for con-
straints. The primary visible columns include: Peak ID
(A, B, C...), Peak Label, Position (eV), Height (CPS),
FWHM (eV), o /v ratio or L/G ratio (%), Area (CPS.eV),
o, v, Skew. Additional columns, including the fitting
model, background parameters, and offset values, are hid-
den by default but can be displayed using the Toggle Col-
umn button in the toolbar. Cell colors indicate editable
parameters (white) versus derived values (gray) for differ-
ent fitting models. The grid automatically updates when
peaks are modified through direct plotting manipulation.

Constraints: Constraints can be specified numerically
(e.g. 70.3:3.5” or 70.3,3.5”) or relative to other peaks from
the same peak fitting grid (e.g. ”"A*0.667” or "A/1.5”).
Variance can be inserted to allow the linked peak to move
around the set value (e.g. 7A*0.667#0.01”). To fix a peak
to a known value "fi” or "Fixed” can be inserted. A list
of known nomenclature is shown below:

e ’a’, b, ¢’ — "A*1’, 'B*1’, ’C*1’ (follow peak A, B, or
C)

e 'fi’ or fix’ or 'fixe’— 'Fixed’

e '#0.5’ — Variance to £0.5 eV

.OAk
e Allowed nomenclature: A*1.5, A/1.5, A+1.5, A-1.5,
* Y]
A*1.5#40.01, #0.1, ’fi
o Peak Position Height | FWHM | ofy (%) Area o v W_g | Conc. | aas | Splt
Label (eV) (CPS) (eV) uG (CPS.eV) W_g wI Skew (%) (eV)
1 A Sr3ds/2 p1 133.51 3828.02 1.23 16.51 5012.0 47.3 100.0 0.00
2 126.08,142.08 0.3:3.5 2:80 1:1e7
3 B Sr3d3/2 p2 135.31 2625.08 1.23 16.51 3437.0 325 68.6 1.80
4 A+1.7#0.2 A" A1 A*0.667#0.05
5 C Sr3ds/2p3 134.47 1010.47 1.23 16.51 1323.0 125 264 0.96
6 A+1.05#0.1 A1 A 1:1e7
7 Sr3d3/2 p4 136.23 623.46 1.23 16.51 816.29 (&4 16.3 272
8

(e3i] G C0.667#0.05 T
T
Position of peak D constraint to peak C Split from

Such as Peak D = Peak C + 1.7 +/- 0.2 eV Peak A

Figure 23: Peak Fitting grid. The atomic concentration
shows almost a 1 to 1 to 3 ratio between Sr, Ti and O.

Results Grid

The results grid provides a summary of all fitted peaks
across all core level spectra. KEach row represents one
peak with columns for: Peak Label, Position (eV), Height
(CPS), FWHM (eV), L/G ratio (%), Area (CPS.eV),
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Atomic (%), selection checkbox, RSF value, fitting model,
relative area, model-specific parameters (o, ), back-
ground type and range, sheetname, and peak constraints.
Peak selection via checkboxes enables atomic percentage
calculations based on peak areas normalized by RSF val-
ues.

A‘(S/L')‘ic RSF| TXFN | ECF Instr.

@442 100
2,06 1.00

Cor, Area
Ac(au)

414.40

Label
Ti2p3/2 p1

Peak Posion | FWHM Area
V) (V) (CPSeV)

459.0 1.03 115891.09 53.72 TPP-2M  A-ALTHERMO1

Tizp1/2 p2 464.74 1.98 63740.05 0.00 TPP-2M A-ALTHERMO1 ~ 491.69

Sr3d5/2 p1 133.49 0.98 118571.83  46.28 TPP-2M A-ALTHERMO1

@425 10 356.63
81188.13 0.00 293 10  TPP-2M A-ALTHERMO1

354,79T
]A Atomic concentration (%)

alo|n| =

Sr3d3/2 p2 135.24 0.98

Corrected Area obtained from RSF, TXFN, ECF

Measured Area obtained from the peak fitting grid

Figure 24: Results grid after the fitting of the Sr3d and
Ti2p of SrTiO3 crystal. The atomic concentration shows
almost a 1 to 1 ratio between Sr and Ti.

New peaks can be added into the Results Grid by pressing
the “Export to Results Grid” Icon.

K

Sample Manager

The Sample Manager in KherveFitting provides an intu-
itive interface for organizing, visualizing, and manipulat-
ing multiple core level spectra across different samples.
This tool simplifies data management for complex datasets
and enables efficient comparative analysis of XPS data, see

Fig 25
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Figure 25: Representation of the Sample manager window.
The samples loaded in the manager are CeO2 with narrow
scans Cls, Ols, Ce3d and wide scans.

Accessing the Sample Manager: The Sample Man-
ager can be accessed through the main toolbar or via the
menu system:

e (lick the Sample Manager icon in the toolbar
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e Alternatively, select " Tools — Sample Manager” from
the menu

Interface Overview: The Sample Manager presents
spectra in a grid format where:

e Rows represent samples or experiments (numbered 0,
1, 2, etc.)

e Columns represent different core levels (Cls, Ols,
etc.)

e Cells contain the sheet names for individual spectra
Additional columns provide critical functionality:

e Experiment: Labels for sample groups or experimen-
tal conditions

e Xshift: Binding energy correction values for each
sample row

e Norm. @ BE: Binding energy value for intensity nor-
malization

e Norm. to A: Area normalization factor

Basic Functionality: The Sample Manager supports the
following operations:
Sample Organization

e Add rows: Add 10 additional rows to accommodate
more samples

e Delete rows: Remove the last two rows when needed

e Sort sheets: Reorganize sheets by sample group and
element name

Core Level Management

e Copy: Copy selected core level(s) with preserved col-
umn data

e Paste: Paste core level(s) to a new location

e Rename: Change the name of selected core level(s)

e Delete: Remove selected core level(s) from the dataset
Data Visualization

e Quick Plot: Single-click on a cell to display a spec-
trum

e Plot Selected: Plot multiple selected spectra on the
same graph (F2 or Ctrl+2)

e Plot with Offset: Plot selected spectra with verti-
cal offsets (F3 or Ctrl+3)

Data Analysis

e Sum Selected: Create a new spectrum by summing
selected spectra

Page 14



e Experimental Info: View detailed experimental pa-
rameters

e Backup: Create a timestamped backup of the current
data

Data Normalization: The Sample Manager offers sev-
eral normalization options for comparative analysis:

e Auto: Automatically scales each spectrum to its
min/max intensity

e Norm. @ BE: Normalizes spectra at a specific bind-
ing energy
e Norm. to A: Normalizes by a custom area factor

To set a normalization point:
e Select "Norm. @ BE” from the dropdown menu

e Hold SHIFT while hovering over the plot to activate
the normalization cursor

e Click to set the normalization point, which will be
applied to selected spectra

Keyboard Shortcuts

e F2 or Ctrl42: Plot multiple selected spectra on the
same graph

e F3 or Ctrl4+3: Plot selected spectra with vertical
offset

e Shift (while plotting): Activate normalization cursor
in "Norm. @ BE” mode

Working with BE Corrections Binding energy correc-
tions can be applied consistently across sample rows:

e Enter the correction value in the ”Xshift” column for
a row

e The correction is automatically applied to all spectra
in that row

e Corrections are preserved when copying/pasting core
levels

Practical Examples

e Comparing similar samples: Select the same core
level (e.g., Cls) across multiple sample rows and use
F2

e Tracking sample changes: Select different core lev-
els for the same sample and use F3 with offset

e Creating average spectra: Select similar spectra
and use ”"Sum Selected” to average signals

Tips for Efficient Use

e Use the "Toggle Size” button to collapse the manager
to a compact toolbar
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e Right-click on cells to access context-specific options

e Create regular backups before major dataset modifi-
cations

e Label samples in the ”"Experiment” column for better
organization

e Use ”Sort Sheets” after adding new data to maintain
logical order

BE Correction

Binding Energy (BE) correction is an essential feature in
KherveFitting that allows users to calibrate XPS spec-
tra to account for sample charging, reference alignment,
or instrumental drift. This functionality ensures accurate
peak identification and valid comparisons between samples
or against literature values. In short, the BE correction
button looks for a peak labeled 'Cls C-C’ (Default) and
calculates the difference from 284.8 eV. This correction
is applied to all core levels. Fit all data before apply-
ing the BE correction. Note that the name and value
can be changed in the Preferences>Instrument Settings.

-

Accessing BE Correction: The BE correction interface
is accessible through the dedicated spinbox control labeled
”BE Correction (eV)” in the main window or The ” Xshift”
column in the Sample Manager for batch corrections
How BE Correction Works: When a correction value
is applied

0.00

e The entire spectrum shifts along the binding energy
axis

e Positive values shift to higher binding energies
e Negative values shift to lower binding energies

e The correction is applied in real-time for immediate
visual feedback

e Original data remains unmodified; the correction is
applied only to the display and calculations

Sample-Specific Corrections: For multi-sample anal-
ysis, BE correction values are stored separately for each
sample row. All core levels belonging to the same sam-
ple receive the same correction. When switching between
spectra, the appropriate correction is automatically ap-
plied. Corrections are preserved when copying spectra be-
tween projects.

Reference Calibration: Common reference peaks for
BE calibration

e Adventitious carbon (Cls): 284.8 eV (Default, see in
Preference Window)
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Gold (Audfz/5): 84.0 eV
Silver (Ag3ds/2): 368.3 eV

Copper (Cu2ps/z): 932.7 eV

Argon (Ar2p): 241.8 eV for charge neutralization

Practical Applications: BE correction is particularly
valuable for

e Insulating samples exhibiting charging effects
e Comparing spectra acquired on different instruments

e Ensuring consistent peak assignment across multiple
samples

e Compensating for energy drift during long acquisition
sessions

e Aligning spectra to literature values for accurate
chemical state identification

Using BE Correction with Sample Manager: The
Sample Manager enhances BE correction workflow by:

e Displaying all correction values in a single view
e Allowing batch editing of correction values

e Maintaining correction consistency across related
spectra

e Providing visual indication of corrected spectra

Data Export and Traceability: When exporting cor-
rected data both raw and corrected binding energy values
are included in the Excel File

AutolD Survey Identification

The Automatic Element Identification (AutoID) system
represents a sophisticated pattern recognition tool de-
signed specifically for rapid analysis of survey and wide-
scan XPS spectra. This feature dramatically reduces anal-
ysis time while maintaining high accuracy in peak identi-
fication and assignment.

Theoretical Foundation

The AutolD algorithm combines advanced peak detection
methods with comprehensive reference databases to pro-
vide automated spectral interpretation. The system builds
upon established peak finding algorithms from the SciPy
library [2], specifically optimized for XPS spectral charac-
teristics.

The core detection algorithm utilizes prominence-based
peak identification, which has proven superior to simple
threshold methods for complex XPS survey spectra [3].
Peak prominence is defined as the minimum height differ-
ence between a peak and its surrounding valleys, providing
robust detection even in the presence of overlapping fea-
tures.
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Peak Detection Algorithm

Prominence Threshold: The prominence threshold is
dynamically calculated as a fraction of the maximum spec-
tral intensity:

(1)

where fprom is the prominence fraction (typically 0.5-2.0%
for survey spectra) and I, ax is the maximum intensity in
the spectrum.

Width Constraints: Peak width filtering eliminates
spurious detections by enforcing physical constraints:

Pihreshold = fprom X Trax

Wmin S FWHM S Wmax (2)

Typical values are Wy, = 0.6 eV and Wi = 20.0 eV,
based on known XPS peak characteristics [4].

Distance Parameter: Minimum peak separation pre-
vents over-detection in multiplet or satellite structures:

AE;j = |E; — Ej| =2 Din (3)

where Dy, is typically 5.0 eV for survey spectra to ensure
distinct core level identification.
Peak Matching Algorithm

Detected peaks are matched to reference entries using a
tolerance-based algorithm:

(4)

The tolerance window Tiolerance 1S user-adjustable (typi-
cally 0.5-2.0 eV) to account for:

|Edotcctcd - Ercfcrcncc‘ S Ttolcrancc

e Energy calibration uncertainties
e Chemical shift variations
e Surface charging effects

e Instrumental drift

Auger Peak Recognition

The system includes specialized algorithms for Auger peak
identification, recognizing both kinetic energy patterns
and nomenclature. Auger peaks are automatically con-
verted from kinetic energy to binding energy scale using:

Eguger — hy — E}A{uger (5)
Common Auger transitions (KLL, LMM, MNN, etc.) are
recognized through pattern matching algorithms that ac-
count for nomenclature variations in different databases

]
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Forced Element Identification

Advanced users can override automatic detection through
forced element specification. The system accepts multiple
input formats:

e Element symbols: Standard periodic table nota-
tion (e.g., Ni, Br, Na)

e Core level specifications: Element-orbital combi-
nations (e.g., Br3d, Cls, 01s)

e Auger transitions: Standard Auger notation (e.g.,
NaKLL, CKLL, MgKLL)

This functionality ensures critical elements are identi-
fied even when signal-to-noise ratios or overlapping peaks
might prevent automatic detection.

Quality Assessment

The AutolD system provides confidence metrics for each
identification based on:

e Peak prominence relative to noise level
e Binding energy match quality
e Expected relative intensity ratios for multiplets

Results are color-coded and ranked to guide user verifica-
tion, following best practices established by [6] for auto-
mated spectral analysis.

Measure Area Window

KherveFitting allows for the measurement of areas over a
certain range. This is particularly useful when quantifying
from a Survey. Fig. It can also be useful when a core
level does not need to be peak fitted but only the areas
needs to measured e.g. Mn2p, Fe2p. The measurement of
areas is done using the “Measure Area” screen, see Fig.

e Select a range using the red vertical lines.

e Press the “Create background” using one of the back-
ground method. The Default background is multi-
region smart.

e Name the area you want to measure, such as Fe2p3/2
or Mn2p...

e Select the range to measure.

e Press the “Measure Area”. A peak model is created
with the measured area and the position of the max-
imum intensity.
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Measure Area  Batching
Method: U2-Tougaard v
Offset [Left): 0.00
Offset (Right): 0.00
Range (Left): 0.00
Range (Right): 0.00
Averaging Points: 1
2866,1643,1,0
?
Area Name cr2p
Switch Regions Automatic
TAB key Identification
Create Tougaard Core Level
Mode List
Create Remove Last
Background [ Area Background [ Area

Figure 26: ”Measure Area” window.

Core Level List

The Core Level List is accessed via the button in the Mea-
sure Area window and displays the core levels whose bind-
ing energies fall within or near the current vertical line
positions. This tool assists with element identification by
showing which elements could be responsible for peaks at
a given binding energy.

B Core Level List = O X

| Corelevel BE Center Range Distance Decision
[N1s 402.00 397-407 032 0.16
| Cd3d 407.00 405-409 4.68 5.85
Tadp 407.50 405-410 5.18 7.76
Rb3p 395.00 394-396 7.32 9.77
¥3s 393.00 392-394 9.32 13.99
Mo3p 413.00 412-414 10.68 14.23
Pbdd 414,50 412-417 1218 16.23
Tiad 388.50 386-391 13.82 1843
Hfdp 382.50 380-385 19.82 29.74
Wdp 425.50 423-428 23.18 34.76
Apply Close

Figure 27: Core Level List window showing elements near
the selected binding energy range.

Binding Energy Range: The list updates dynamically
based on the positions of the vertical lines on the plot.
As you move the vertical lines to different binding energy
positions, the list refreshes to show which core levels have
binding energies within that range.

Element Identification: Each entry in the list shows
the element symbol, core level orbital (e.g., Cls, Ols,
Fe2p), and the expected binding energy. This helps iden-
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tify unknown peaks by comparing the measured position
with known core level binding energies.

Selection for Labelling: Click on an entry in the list
to select it for labelling on the plot. The selected core
level can then be added as an identification label at the
corresponding position.

Database Source: The binding energy values are sourced
from standard XPS databases and the sensitivity factor
libraries configured in the Preferences window. The list
includes both primary photoelectron lines and common
satellite or Auger features where applicable.

Batching Tab

The Batching tab provides automated area measurement
capabilities across multiple spectra without requiring full
peak fitting. This functionality is particularly valuable
for survey scan quantification across sample series, depth
profiling of elements with simple peak structures, rapid
semi-quantitative analysis of large datasets, and elements
with complex multiplet structures where deconvolution is
impractical (e.g., Mn2p, Fe2p).

r Rl

B | Measure Area

Measure Area Batching
Progress:

Select All Unselect All

B wide

Bsip

Bsizs

& nis

B ois

8 Ag3d

B ausf

B cup

& nkvv

M no008a~10

Propagate/Prop. Area
to Column

Prop. Row to
Selected Core Levels

Create Profile
At(%) Fitting Grid

Create Profile
At(%) Results Grid

b |

Figure 28: Batching Tab for Area Window.

Progress Indicator: Status Display: A read-only
text field shows the current batch operation status, dis-
playing which spectrum is being processed during batch
execution. This provides real-time feedback during long
batch operations involving many core levels.
Propagation Operations:

Propagate/Prop. Area to Column: Copies the current
area measurement settings to all rows in the column for
the currently visible core level. The propagated settings
include background type, energy range (vertical line po-
sitions), and peak label. This operation only copies the
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configuration without executing measurements, allowing
verification before batch processing. Use this when an-
alyzing the same peak across multiple regions within a
single core level spectrum.

Prop. Row to Selected Core Levels: Takes area
measurement settings from the current row in the Results
or Fitting grid and applies these settings to all checked
core levels in the checklist. This is particularly useful when
multiple core levels require identical measurement regions,
such as measuring the same energy range across a depth
profile series (Survey, Surveyl, Survey2, etc.). The prop-
agated settings include background method, integration
limits, and peak naming convention.

Batch Execution Operations:

Create Profile At(%) Results Grid: Performs area
measurements on all checked core levels sequentially. Each
measurement creates an entry in the respective spectrum’s
Results grid containing Area (integrated intensity), Posi-
tion (energy of maximum intensity), and Label (peak iden-
tifier). The progress indicator updates during operation,
showing which core level is currently being processed. This
operation is non-destructive and can be repeated with
modified settings.

Create Profile At(%) Fitting Grid: Creates an
atomic concentration depth profile from selected core lev-
els by extracting atomic percentages from each spectrum’s
Fitting grid (column 10). The software automatically col-
lects all unique peak names from selected sheets, assigns
spectrum numbers based on sheet naming (Survey=0, Sur-
veyl=1, Survey2=2, etc.), creates columns for each ele-
ment with " At(%)” suffix, sorts data by spectrum number
for proper line plotting, and saves results as a new Excel
sheet with zzProfile naming convention. This is particu-
larly valuable for depth profiling experiments where mul-
tiple survey scans track composition changes with sput-
tering time or depth.

Workflow Example - Depth Profile Analysis:

Step 1 - Initial Measurement: On the first Survey scan,
select the appropriate background method (e.g., Smart or
Shirley), place vertical lines around the peak of interest
(e.g., Fe2p region), enter a descriptive label in the peak
name field (e.g., "Fe2p”), and click ”Measure Area” to
calculate the integrated intensity.

Step 2 - Access Batching: Switch to the Batching tab to
access the core level checklist and propagation tools.

Step 3 - Select Target Spectra: In the core level checklist,
check all survey scans in the depth profile series (e.g., Sur-
vey, Surveyl, Survey2, Survey3, Survey4). These repre-
sent sequential measurements taken after progressive sput-
tering times.

Step 4 - Propagate Settings: Click ”Prop. Row to Se-
lected Core Levels” to copy the Fe2p measurement con-
figuration (background type, energy range, peak name) to
all checked survey scans. This ensures consistent measure-
ment methodology across the entire depth profile.

Step 5 - Ezxecute Batch Measurement: Click ” Create Pro-
file At(%) Results Grid” to perform area measurements
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on all five survey scans sequentially. The software pro-
cesses each spectrum and populates its Results grid with
the Fe2p area, position, and label. The progress indicator
shows which spectrum is currently being processed.

Step 6 - Calculate Atomic Concentrations: For each sur-
vey scan, ensure atomic percentages are calculated by
clicking the "Update Ratios” button in the main inter-
face. This calculates relative atomic concentrations using
sensitivity factors and peak areas.

Step 7 - Generate Profile Visualization: With the same
survey scans selected in the checklist, click ” Create Pro-
file At(%) Fitting Grid” to create a new zzProfile sheet.
This sheet contains spectrum number in the first column
followed by columns for each element showing atomic con-
centration versus depth. The resulting plot displays com-
position evolution as a function of sputtering time or esti-
mated depth.

Key Differences from Peak Model Window Batch-
ing: The Measure Area batching workflow differs funda-
mentally from the Peak Model Window batching in sev-
eral aspects. Area measurement involves only background
subtraction and numerical integration, with no iterative
fitting process required. There is no constraint propa-
gation since no peak parameters (position, FWHM, line-
shape) are being refined. The workflow emphasizes rapid
throughput over detailed spectral deconvolution, making
it ideal for survey scans and elements where fitting com-
plexity exceeds analytical benefit. Two distinct profile cre-
ation methods are available: direct calculation from raw
area measurements, or extraction from previously fitted
atomic concentration data.

Advantages of Area Measurement Approach: The
area measurement method offers several practical advan-
tages over full peak fitting. Processing speed is signif-
icantly faster, particularly for survey scans containing
many elements. User interaction is minimized, reducing
operator bias in peak parameter selection. The method
is robust for overlapped multiplet structures (transition
metals, lanthanides) where fitting is ambiguous or re-
quires excessive peak components. For depth profiling,
the consistent methodology across many spectra ensures
that composition trends are not artifacts of varying fit
quality. The approach provides adequate accuracy for
semi-quantitative analysis, trend identification, and qual-
ity control applications where full spectral deconvolution
is unnecessary.

Peak Fitting Window

The peak fitting window is composed of three tabs namely
the background tab, the peak fitting tab and the batching
tab.

Background Tab

The Background tab (see Fig provides comprehensive
controls for creating and managing spectral backgrounds.
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The tab now supports multiple background regions for
complex spectra.

Background Ppeak Fiting Batching
Method:

Smart v

Offset (Left): 0.00

Offset (Right): 0.00

Region (Left): 106.28

Region (Right): 86.33

Averaging Points: 5

Smooth noisydata: [ ]
2866.0,1643.0,1.0,0.0

Regions:

Switch Region Remove

TAB key Regions and Peaks
aman Remove
Mode All Regions
Create Remove
Region Current Region

Figure 29: The Background tab.

Background Methods:

e Smart: Adaptive background that automatically
chooses between linear and Shirley based on spectral
shape (default)

e Shirley: Iterative Shirley background calculation
e Linear: Simple linear interpolation between endpoints
e Offset: Constant offset background

e U4-Tougaard: Full Tougaard background with B, C, D,
Ty parameters

e U2-Tougaard: Simplified Tougaard with fitted B pa-
rameter

e Active Shirley: Dynamic Shirley calculated from fit-
ted peaks rather than raw data; recalculates after each
fit iteration for self-consistent convergence (single region
only)

e Active Tougaard: Dynamic Tougaard calculated from
fitted peaks; B parameter auto-fitted so background
plus peaks equals raw data at high BE (single region
only)

e ALS-Raman: Asymmetric Least Squares background for
Raman spectroscopy
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e Arctan-XAS: Arctangent step function for X-ray Ab-
sorption Spectroscopy

Offset Controls:

e Offset (Left): Adjusts the background offset at the
high binding energy end

o Offset (Right): Adjusts the background offset at the
low binding energy end

Region Controls:

e Region (Left): Displays and allows adjustment of the
high BE boundary of the active region

e Region (Right): Displays and allows adjustment of
the low BE boundary of the active region

Multiple Region Management:

KherveFitting now supports multiple background regions,
displayed as numbered buttons (1, 2, 3, etc.) in the “Re-
gions” row. This is essential for fitting spectra with mul-
tiple peaks that require different background treatments.

e Create Region: Click to create a new background re-
gion between the current vertical lines. Each region is
assigned a number.

e Switch Region (TAB key):
regions, making each one active in turn.
region’s vertical lines can be adjusted.

Cycles through existing
The active

e Remove Current Region: Deletes the currently active
region and its associated background.

e Remove All Regions: Clears all background regions
while preserving fitted peaks.

e Remove Regions and Peaks: Clears all backgrounds

AND all fitted peaks.

Additional Options:

e Averaging Points: Number of points to average at
region boundaries (default: 5)

e Smooth noisy data: Apply Gaussian smoothing be-
fore background calculation

e Tougaard Parameters (B,C,D,T0): For Tougaard
backgrounds, enter parameters as comma-separated val-
ues

e Tougaard/Raman/XAS Model: Opens dedicated fitting
window for optimizing Tougaard, XAS or Raman back-
ground parameters

The ”Background” tab provides controls for adjusting the
position and shape of the background. There are several
method that can be used to creat a background model:
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Background Peak Fitting Batching

Fittlng Model: 5GL [Mea) »
?
Method: least_squares
Convergence: 50 A
N# of Iterations: 20 =
Weights: uniform oy
R=:
Red. Chi*:
Current Fit:
Report
Add 1 Peak Add 2 Peaks
Singlet Doublet
Remove Add Doublet
Last Peak with Name...
Fit Fit
One Time N# Times

Figure 30: The Peak Fitting tab.

Peak Fitting Tab

The peak fitting tab provides a comprehensive interface
for controlling the fitting process and peak manipulation.
At the top, users can select the peak shape through the
Fitting Model dropdown menu, which includes various
functions:

Fitting Models Available:

e SGL (Area) - Summed Gaussian-Lorentzian (default)

e SGL (Height) -
height

Summed Gaussian-Lorentzian by

e GL (Area) - Product Gaussian-Lorentzian
e GL (Height) - Product Gaussian-Lorentzian by height

e Voigt (Area, o, 7v) - True Voigt function with inde-
pendent Gaussian and Lorentzian widths

e Voigt (Area, L/G, o) - Voigt with L/G ratio control

e SkewVoigt (Area, L/G, o, S) - Asymmetric Voigt
with skew parameter

e LA (Area, o, <) - Lorentzian Asymmetric

e LA (Area, o/7v, <) - LA with ratio control

e LA*G (Area, o/v, 7) - LA convolved with Gaussian
e Exp.Gauss - Exponentially modified Gaussian

e Pseudo-Voigt (Area)

e DS*G - Doniach-Sunjic convolved with Gaussian
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The Optimization Method dropdown allows selection
of different fitting algorithms:
Optimization Methods:

e leastsq - Levenberg-Marquardt algorithm

e least_squares - Trust Region Reflective algorithm (de-
fault)

e nelder - Simplex algorithm (derivative-free)

e powell - Powell’s method (derivative-free)

e cobyla - Constrained optimization

e trust-constr - Trust-region constrained method
Fitting Parameters:

e Convergence Limit: Sets maximum iterations for each

fit (default: 50)

o Fit Iterations: Number of consecutive fitting cycles (de-
fault: 20)

Fit Quality Indicators:

o Coefficient of determination (R2) measures goodness of

fit (0-1):
iy — fi)?
>iyi —9)?
where y; are the observed values, f; are the predicted
values, and ¢ is the mean of observed values.

R*=1- (6)

e Relative Standard Deviation (RSD) indicates data scat-
ter and goodness of fit:

RSD — 1§:<yi—fi>2
I\ =R

where N is the number of data points, y; are the ob-
served values, and f; are the predicted values.

(7)

e Reduced chi-square statistic (Red. Chi2) for fit quality:

N
1 (yi — fi)?
X%ed = N_pz 2

o
i=1 ?

(®)

where N is the number of data points, p is the number
of fitted parameters, y; are the observed values, f; are
the predicted values, and o; are the uncertainties in the
measurements.

e Actual Iterations: Number of iterations performed

e Current Fit: Displays progress during multiple fits
Peak Management Controls:

e Add 1 Peak Singlet: Adds a single peak at the posi-

tion of maximum residual intensity
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e Add 2 Peaks Doublet: Adds a spin-orbit split pair
with automatic constraints based on orbital type (p, d,
or f)

e Add Doublet with Name...: Opens a dialog to spec-
ify the core level name (e.g., Fe2p, Ag3d, Audf). The
software automatically applies the correct doublet split-
ting from its library and sets appropriate intensity ra-
tios. This is particularly useful when fitting a doublet
that doesn’t match the current sheet name.

e Remove Last Peak: Deletes the most recently added
peak

e Fit One Time: Performs a single optimization cycle

e Fit N# Times: Executes the specified number of con-
secutive fits

Peak parameters and constraints can be adjusted directly
in the peak fitting grid or through interactive manipula-
tion in the plot window. The fitting tab continuously up-
dates quality indicators during optimization to help users
assess fit convergence and reliability.

Batching Tab

The Batching tab enables automated fitting across multi-
ple spectra simultaneously. This powerful feature is avail-
able in both the Peak Model Window and the Measure
Area Window.

Background Peak Fitting Batching
N# of Iterations: 20

Progress:

Select All Unselect All

B wide
Bsip

B sizs

B nis

Bois

@ Ag3d

B auvar

B cup

8 nkvy

WA e nnnnaan

Propagate/Prop. Fit
to Column

Prop. Constraints
to Column

Fit Selected
Core Levels

Prop. Row to
Selected Core Levels

Figure 31: Batching tab showing core level selection and
propagation controls.

Core Level Selection:

Page 21



The batching interface displays a checklist of all available
core levels in the current file:

e Select All: Check all core levels for batch processing
e Unselect All: Clear all selections

e Individual core levels can be checked/unchecked as
needed

Propagation Functions:

e Propagate/Prop. Fit to Column: Copies the cur-
rent peak fitting model (peaks, constraints, and back-
ground) from the active spectrum to all selected spectra
of the same core level type. For example, if you have
fitted O1sl and select O1s2, O1s3, O1s4 in the checklist,
the fitting model will be copied to all of them.

e Prop. Constraints to Column: Copies only the
constraint values (not the peak parameters) to selected
spectra. Useful when you want to enforce consistent
constraints but allow different initial peak positions.

e Prop. Row to Selected Core Levels: Propagates
the current row’s settings across different core levels
within the same sample row. Useful for applying con-
sistent fitting parameters across all elements in a single
sample.

Fit Selected Core Levels:
After selecting the desired core levels and propagating fit-
ting models:

1. Click Fit Selected Core Levels
2. A progress dialog appears showing the fitting status

3. Each spectrum is fitted using the specified model and
constraints

4. Results are automatically saved to the data structure
Best Practices for Batch Fitting:

e Always fit one representative spectrum first and verify
the model quality

e Use constraints appropriately - overly tight constraints
may prevent convergence

e For depth profiles, start with the surface spectrum
where signal is typically strongest

o Review results after batch fitting - automated fitting
may not capture all spectral variations

Depth Profiling

KherveFitting provides dedicated tools for analyzing and
visualizing depth profile data from ion sputtering experi-
ments.

KherveFitting Help Guide / issue 1.7 Jan 2026

Profile Creator Window

Access via Tools — Create Profiling or the Profile Creator
toolbar icon. The Profile Creator allows users to extract
and visualize how peak parameters change across a series
of spectra, typically from depth profiling experiments.

Select All ‘

Unselect All

() Survey

(] Survey
() Survey2
() Survey3
[ ]Suweyél
(L) Survey5

Type: Concentration =

Create Profile from
Results Grid

Create Profile from
Peak Fitting Grid

Edit Profiles

Figure 32: Profile Creator window for setting up depth
profile analysis.

Core Level Selection: The window displays a check-
list of all available core levels in the current file. Select
the core levels to include in the profile by checking the
corresponding boxes. Use the Select All and Unselect All
buttons for quick selection. Right-click on the list for ad-
ditional options.

Profile Type: Select the parameter to plot against
etch level or spectrum number from the dropdown menu.
Available options include Concentration (atomic percent-
age), Area (peak area), Corrected Area (RSF-corrected
area), Position (binding energy), FWHM (peak width),
Height (peak height), L/G (Lorentzian/Gaussian ratio),
and Weight (%).

Create Profile from Peak Fitting Grid: Extracts
the selected parameter directly from the peak fitting grid
for all selected core levels. This uses the current fitting
results stored in each spectrum’s data.

Create Profile from Results Grid: Uses data that
has been exported to the Results Grid. This is useful
when specific peaks have been selected for quantification.
Edit Profiles: Opens the Profile Editor window for
modifying and visualizing the created profiles.

Profile Editor Window

Access via Tools — Edit Profiling or from the Profile Cre-
ator window. The Profile Editor provides tools for view-
ing, modifying, and exporting depth profile data.

Data Table: The profile data is displayed in a tabular
format showing the parameter values for each core level at
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B dom| B+ B-|e X [y

Number | xo't0 | At.00| At.00 At 00| At ©6) (o7 Co | G
1 4550 2110 1.80 280 2830
2| 800 4260 4300 040 170 1230
3| 900 3940 5660 000 150 240
4| 1000 4210 5320 040 180 250
5| 11.00 4570 4030 310 020 1070
6 1200 5160 2000 100 230 2510
7 1300 4980 880 250 700 3190
8| 1400 5210 980 050 300 3480
9| 1500 4750 2060 200 230 2760
10| 1600 4420 4030 050 120 1370
11| 1700 4340 5170 090 130 27
12| 1800 429 5130 160 100 330

zzProfile7 | zzProfileé

Figure 33: Profile Editor window showing depth profile
data and visualization.

each etch level. Values can be edited directly in the table
if corrections are needed.

Etch Time/Depth Adjustment: The X-axis values (etch
time, depth, or spectrum number) can be modified to re-
flect actual experimental conditions or converted to depth
using sputter rate calibrations.

Profile Plotting: The profile is displayed as a line
plot with customizable appearance. Multiple elements are
shown with different colors for easy comparison of compo-
sitional changes through the depth profile.

Export to Excel: The profile data can be exported to
an Excel file for further analysis or presentation in external
software.

Background Models

Linear Background: The linear background By, (E) can
be approximated by the following equation:

BL(E) = ]HighEELO“’—E

Low —
In this approach, Epig, and Er,, denote two distinct
energy values, while 4, and I, represent the corre-
sponding intensity values. These parameters are typically
selected to ensure the linear background seamlessly inte-
grates with the spectral features at Ep;gn and Epow, as
illustrated in Figure

Shirley Background: The Shirley algorithm [2] is an ap-
proach that leverages information about the spectrum to
construct a background sensitive to changes in the data.
The key aspect of measure the Shirley algorithm is the
iterative determination of a background using the areas
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Figure 34: Ti 2p core level fitted with a Linear background

marked Agign and Apew to compute the background in-
tensity Bg(E) at energy E:

ALow (E)
AHigh (E) + ALow (E)

Bs(E) =1Irow + K (10)

Here, k defines the step in the background and is typi-
cally equal to the difference (Imign — ILow). Notably, the
quantities Agign(E) and Apew(E) are known provided the
background S(F) is already determined. However, since
S(F) is initially unknown, the calculation of a Shirley
background from spectral data becomes an iterative pro-
cess. This means that the integrated areas Ap;gp(E) and
Apow(E) for each point on the background F must first
be computed using an approximation to S(F), after which
the background S(E) is updated, and the process is re-
peated until convergence. The number of iteration used
by KherveFitting is set to 100 by default and for all the
other methods. Fig. [35] shows the Ti 2p core level fitted
with a Shirley background.

Smart Background: The ”Smart” background is an
adaptive background correction method that seeks to au-
tomatically determine the appropriate background type
for the given XPS spectrum. This approach combines the
strengths of both linear and Shirley-type backgrounds to
handle a variety of spectral shapes and conditions.
Automatic Background Type Determination: The
software will automatically choose between a linear back-
ground and a Shirley-type background based on the shape
of the spectrum. If the intensity is generally decreasing
with increasing binding energy, a linear background is
used; if the intensity shows the typical curvature associ-
ated with inelastic scattering, a Shirley-type background
is employed.

Adaptive Background Calculation: The Smart back-
ground is calculated in an adaptive manner, adjusting the
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Figure 35: Ti 2p core level fitted with a Shirley back-
ground

background based on changes in the spectrum. This al-
lows the background to better follow and adapt to the
underlying spectral features.

Safeguards Against Over-Subtraction: The software
ensures that the calculated background does not exceed
the raw spectral intensity at any point, preventing over-
subtraction of the background and the resulting distortion
of peak shapes.

Tougaard U4 Background: This background was intro-
duced and developed by Svend Tougaard and is a widely
used model in X-ray photoelectron spectroscopy (XPS) to
describe the inelastic scattering of electrons as they exit
a sample. Unlike the simpler Shirley background, which
assumes a monotonic buildup of signal due to electron
scattering, the Tougaard background incorporates a more
physically accurate model by accounting for energy losses
that photoelectrons experience due to inelastic scattering
processes.

The Tougaard background equation, as previously pro-
vided, is:

B-E

U(E;B,C,D,Ty) = {(()C—E)2+D-E2 if &> To,

. (11)
otherwise.

In this equation:

e B: This is a scaling factor that adjusts the overall in-
tensity of the background. It does not carry physical
meaning but is necessary for normalizing the back-
ground to the measured data.

e (1 A parameter closely tied to the position of the
maximum energy loss in the scattering tail. This
value depends on the material properties and is as-
sociated with plasmon excitation energy.
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e D: This parameter governs the broadening (width)
of the scattering tail. Reflects the spread of inelastic
scattering energy losses.

e Ty: This is the energy threshold below which the
Tougaard background is zero, corresponding to re-
gions where no inelastic scattering is expected.

Different Tougaard models are implemented on the basis
of the parameters used:

e U2-Tougaard: The parameter B is calculated and
the user defines C' with C' < 0, while D and ¢y are
fixed to 0.

e U4-Tougaard: The user defines all parameters B,
C, D, and ty.

The KherveFitting tool provides the U4-Tougaard back-
ground model, see Fig. allowing users to manually
specify the values for B, C', D, and ty to achieve precise
background subtraction.

x10°
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Ag3dsp pl
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o
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Figure 36: Ag3d core level fitted with a double U4-
Tougaard background. The background fit is only shown
for representation and does not constitute a good fit.

In addition, a dedicated Tougaard fitting tool is available
(Fig. , which can assist users in optimizing these pa-
rameters for their specific data sets.

Active Shirley Background: The Active Shirley back-
ground, also known as the Dynamic Shirley or Herrera-
Gomez method, calculates the background iteratively from
the fitted peaks rather than from the raw data. This ap-
proach solves the circular problem inherent in traditional
Shirley where the background depends on data that in-
cludes both peaks and background.

Iterative Calculation: After each fitting iteration, the
background is recalculated using the integral of the fitted
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Figure 37: Tools to fit U4-Tougaard background

peak envelope. The parameters k£ and const are deter-
mined such that the sum of background plus peaks equals
the raw data at both endpoints of the fitting range.
Initial Background: When first created, the Active
Shirley background is simply a flat offset at the low bind-
ing energy level. The true Shirley shape emerges only after
fitting iterations.

Self-Consistent Convergence: Using “Fit N# Times”
allows the background and peaks to converge to a self-
consistent solution. Each iteration refines both the peak
parameters and the background shape simultaneously.
Single Region Only: Active Shirley supports only a sin-
gle background region. Multiple regions are not permitted
with this method.

Active Tougaard Background: The Active Tougaard
background applies the same dynamic iterative princi-
ple to the Tougaard model. Instead of calculating the
Tougaard integral from raw data, it uses the fitted peak
envelope as the input for the loss function convolution.
Iterative Calculation: After each fitting iteration, the
Tougaard background is recalculated from the fitted peaks
using the 4-PIESCS loss function with C' = 1643 (suitable
for inorganic materials). The parameter B is automati-
cally fitted so that background plus peaks equals the raw
data at the high binding energy endpoint.

Initial Background: When first created, the Active
Tougaard background is a flat offset. The characteris-
tic Tougaard tail develops after fitting iterations as B is
optimised.

When to Use: Active Tougaard is recommended for spec-
tra where the inelastic loss tail is significant and where the
traditional Tougaard method produces artifacts due to its
dependence on raw data rather than the true peak inten-
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sities.
Single Region Only:  Like Active Shirley, Active
Tougaard supports only a single background region.

Peak Models

Gaussian G(E): The Gaussian line shape is defined as:

G(E;E,F H,lg) =

E—E\?
F

H x exp [—4~1n2><(1—lg)-(

(12)

where F' is the full width at half maximum of the Gaus-
sian function and FE. is the position (in energy) of the
peak, H is the height of the peak and lg is the ratio be-
tween Lorentzian and Gaussian. The Gaussian peak has
a symmetric, bell-shaped profile.

Lorentzian L(E): The Lorentzian line shape is defined

as:
H

1+44-1g- (E5E)?

where F is the full width at half maximum of the
Lorentzian function and E, is the position (in energy) of
the peak and H is the height of the peak. The Lorentzian
peak resembles the classical, bell-shaped Gaussian peak,
but it has two important features that distinguish it from
a Gaussian: it is a little narrower at its apex and it extends
out further on its sides/edges.

L(E; Ec, F,H,lg) = (13)
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Voigt V(E): The Voigt function is a combination of a
Gaussian function convolved to a Lorentzian function.
The FWHM (F) cannot be directly provided and de-
pends on the width of the Gaussian (2.355-0) and of the
Lorentzian (2-y). The function is directly provided by the
LMFIT library and is expressed as followed:

A - Relw(z)]

V(E:A Beoy) = = N (14)
where )
Lo E-Ectiy (15)
V2
and
w(z) = e erf(—iz) (16)
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Figure 38: Plot of Voigt models of Height (H) of 100 and
of decreasing Gaussian (0.9 to 0.5) width and increasing
Lorentzian width (0.1a.i to 0.5a.u.)

with erf() is the complementary error function, A corre-
sponds to the amplitude/area, E. to the center, and o
to the Gaussian width. The parameter ~ is linked to the
Lorentzian width. Fig. shows models of different L/G
ratio. It has to be noted that the Voigt model is considered
to be the most true model. Therefore all the other model
are compared to the Voigt model. From experiment, it
was found that a peak with a width between 1.0 to 1.6 eV
has a L/G ratio value of 20%; a peak with a width > 1.6
eV has a L/G ratio between 10-20% and a peak with a
width < 1.0 eV has a L/G ratio between 20-60%
Because the width peak cannot directly be given, Kherve-
Fitting provides two models, namely Voigt(Area, o, )
and Voigt(Area, lg, o).

Voigt (Area, o, 7): This model allows to change and
constraint the position (E.), Area (A), width of the Gaus-
sian part (W, or 2.355-¢) and the width of the Lorentzian
part (W, or 2 -+). In a doublet or 2 peaks model, the
width of the Gaussian and Lorentzian can be varied in-
dependently as shown in Fig. Note that for a voigt
model, the title of the columns after the "FWHM (eV)”
column is named "L/G”, ” Area (CPS.eV)”, "W,”, "W,”.
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D Peak Position Height FWHM | o/y (%) | Area o ¥ s
Label (eV) (CPS) V) | UG |(CPS.eV) W.g wi
A 53d5/2 pl 13249 99535 0.98 27.89 118110 0.80 0.31
126.08,142.08 1:1e7 0.01:3 0.01:3
B Sr3d3/2 p2 13424 80766 0.80 0.31
A+1.7#0.2 A*0.667#0. A*1 A1
Figure 39: Voigt(Area, o, v) peak fitting grid after fitting

the Sr 3d of SrTiOg crystal. The Height (H), FWHM (F),
lg ratio are not adjustable. The lg ratio is calculated from
the value of W, and W;.

Voigt(Area, lg, o): This model allows to change and
constraint the position (E.), Area (A), lg ratio and the
width of the Gaussian part (W or 2.355 - ¢). The width
of the Lorentzian part (W; or 2 - ) is obtained from the
value of the lg ratio. This is particularly useful as one
would want to keep the [g ratio the same in peaks model
where peaks have different overall calculated FWHM (F').
Fig. [AT]shows the peak fitting parameter grid for a doublet
or 2 peaks model. Like the Voigt(Area, o, ), The FWHM
(F), peak Height (H) and the width of the Gaussian can
be varied/constrained independently as shown in Fig.

D Peak Position Height FWHM | ofy (%) Area o ¥y
Label (eV) (CPS) (eV) /G | (CPS.eV) W Wl
A 5r3d5/2 p1 13249 69 0.98 28.21 118386 0.80 0.3
126.08,142.08 2:80 1:1e7 0.01:3
B Sr3d3/2 p2 13424 2761 80452 0.80
A+1.720.2 AM1 A*0.667%0. A1

Figure 40: Voigt(Area, lg, o) peak fitting grid after fitting
the Sr 3d of SrTiOj3 crystal. The Height (H), FWHM (F),
lg ratio are not adjustable. The width of the Lorentzian
or 2 -+ is calculated from the value of W, and lg ratio.

SkewVoigt (Area, lg, o, S): This model is similar to
the Voigt(Area, lg, o) that is it allows the change and
constraint the position (E.) Area (A), lg ratio and the
width of the Gaussian (W) and an additional variable
named S or skew which allows the possibility of creating
asymmetric Voigt models. Fig 7?7 shows the peak fitting
parameter grid for a doublet. The values in Grey (like
Height and FWHM) are calculated values that cannot be
changed nor controlled.

Peak Position Height
Label (eV) (CPS) (eV) /G

13348 24.00

FWHM | ofy (%) | Area c v Wg | Conc| .. | Split
(CPSeV) | W_g | W_I | Skew | (%) (eV)

115514 0.830 2 0.030 59.6 1000 ©

D
A sr3ds/2pl
129.08,145.08 1585  Lle7

0.2:15 0.01:0.7

B Sr3d3/2_p2 135.24 67659 97 2276 78174 0.840 25 0.011 404 677 176

A+17802 A*l A*0.66740.05 A*1 A*l

Figure 41: Voigt(Area, lg, o, S) peak fitting grid after
fitting the Sr 3d of SrTiOs crystal. The Height (H),
FWHM (F), lg ratio are not adjustable. The width of
the Lorentzian or 2 - v is calculated from the value of W,
and g ratio. The skew (S) can adjusted to create an asym-
metric peak.
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Gaussian-Lorentzian Product GL(E, lg): The
Gaussian-Lorentzian product (GL) peak shape is a com-
bination of the Gaussian and Lorentzian functions:

GL(E; E., F,H,lg) = H x L(E; E¢, F,1,19) 17

x G(E; E., F,1,lg) (7
where lg is the Lorentzian to Gaussian ratio in %, F is
the full width at half maximum of the Lorentzian function
and E. is the position (in energy) of the peak and H is the
height of the peak. The GL model is a pseudo-voigt model
that mimic the voigt function. Table [2] shows the lg ratio
value required to fit a true Voigt peak model of Area 100
and of different lg ratio. This shows that the GL model
does not fit well the Voigt peak with a lg ratio above 30%.
Fig. shows the poor fit even for a Voigt model with a
lg ratio of 20%

Voigt lg (%) GL lg (%) Errors
10 30.27 RSD: 0.46, Area: 99.6
20 49.04 RSD: 0.55, Area: 95.3
30 66.14 RSD: 0.59, Area: 89.8
40 80.44 RSD: 0.57, Area: 83.7
50 90.46 RSD: 0.49, Area: 77.0

Table 1: Conversion table between the lg ratio values of
the voigt model and GL model. The voigt peak has an
area A of 100, a Height H of 95, a width =~ 1 eV and a
varying lg ratio.

x10'

54 e RawData
-~ Background
—— Overall Fit
Residuals
=2 GL49%

Voigt20

Intensity (CPS), residual x 7.44

Binding Energy (eV)

Figure 42: Comparison plot between the Voigt model of
area A: 100 , a height H of 95, a lg ratio of 20% with the
GL(lg) with a lg ratio of 49%.

The GL model allows to constraint the peak position (E.),
the FWHM (F), the L/G ratio (Ig), and the height or area
depending on whether GL (Height) or GL (Area) has been
chosen. The figure below shows the peak fitting table of
the 2 GL(Area) peak models that were used to fit the Sr3d
doublet of a STO crystal. The constraint rows are colored
in green for ease of distinction and the columns/cells that
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are not editable are left blank. Unlike CasaXPS where it
is typically fixed (e.g., GL(30)), the GL models allow for
the L/G ratio (Ig) to be a variable parameter that can be
optimized automatically during fitting. The lg ratio would
differ depending on the width of the peak. For broad
peaks,; the fit typically converges to a more Gaussian-like
shape (10-30%), while narrow peaks tend toward more
Lorentzian character (40-80%). In the case of Fig. 77,
the lg was fixed to 30%. The area of peak B was set to
A*0.667 with a variation of 4 /- 0.05 eV. The variation sign
is understood by the software by using the ”"#” symbol.
Peak Position Height

FWHM | ofy (%) Area o ¥

D

Label (eV) (CPS) @) | UG  (CPSeV) Wg w1
A Sr3d5/2 p1 13249 00007 1.05 30.00 112083

126.08,142.08 0335 Fixed 1:1€7
B Sa3d32p2 13424 106 3000 78690

A+1.720.2 AM1 A1l AY0.667#0.05

Figure 43: GL(Area) peak fitting grid after fitting the
Sr 3d of SrTiOg crystal. The height, ¢ and v are not
adjustable.

Gaussian-Lorentzian Sum SGL(E, Ig): The
Gaussian-Lorentzian sum (SGL) peak shape is a linear
combination of the Gaussian and Lorentzian functions:

SGL(E;E.,F,H,lg) =g x H x L(E;E,,F,1,1)

18
(- 1g) x G(E: B Fo1,0) ()

Voigt lg (%) SGL lg (%) Errors
10 10.23 RSD: 0.06, Area: 95.92
20 20.29 RSD: 0.13, Area: 91.55
30 31.47 RSD: 0.20, Area: 87.09
40 43.54 RSD: 0.25, Area: 83.0
50 56.44 RSD: 0.27, Area: 78.3

Table 2: Conversion table between the lg ratio values of
the voigt model and SGL model. The voigt peak has an
area A of 100, a Height H of 95, a width ~ 1 ¢V and a
varying lg ratio.

Like the GL model, the SGL model allows to constraint
the peak position (E.), the FWHM (F'), the L/G ratio
(lg), and the height or area depending on whether SGL
(Height) or SGL (Area) has been chosen. The constraint
rows are colored in green for ease of distinction and the
rows that are not editable are left blank. In the case shown
below, the lg ratio was let to vary between 20 to 40% and
the best fit value was obtained for a lg of 28%.

Pseudo-Voigt by LMFIT: The Pseudo-Voigt peak
shape is a linear combination of Gaussian and Lorentzian
functions and is similar to the SGL model but is directly
given by the LMFIT library. :
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Figure 44: Comparison plot between the Voigt model of
area A: 100 , a height H of 93, a lg ratio of 30% with the
SGL(lg) with a lg ratio of 31.5%.

Peak Position Height FWHM | o/y (%) Area o Y

ID

Label (eV) (cPs) (eV) /G (CPS.eV) Wag wi
A Sr3d5/2 p1 132.49 99969 0.98 2847 3
126.08,142.08 1:1e7 0.3:3.5 20:40
B Sr3d3/2 p2 134.24 68565 0.98 2847
A+1.7#0.2 A*0.66720.05 A*1 A1
Figure 45: SGL(Height) peak fitting grid after fitting the

Sr 3d of SrTiOg crystal. The Area, o and ~ are not ad-
justable.

| (-l A [ (E—E)
f(E,A,EC,O', lg) - Ug\/% eXp 20_3
(19)
n lg-A o
T (E—E.)?+ 02
where - -
(20)

797 () | L1774l

and the parameters are:
e A: Amplitude
e FE.: Peak center

e o: Sigma (half width at half maximum of the Gaussian
component)

e [g: Fraction of Lorentzian component, must be between
0 and 1 in this equation however it is given in % in the
peak fitting grid.

Asymmetric Lorentzian (LA): The Asymmetric
Lorentzian (LA) or split Lorentzian line shape is a
Lorentzian line shape raised by the power o or 7. The
LA model is a pure Lorentzian model if both o or ~ are

KherveFitting Help Guide / issue 1.7 Jan 2026

™ Peak Position Height FWHM | o/y (%)| Area o ¥
Label (eV) (CPS) (eV) /G (CPS.eV) Wg Wi
A Sr3d5/2 p1 13249 6 0.98 37.00 118473
126.08,142.08 0.3:3.5 2:80 1:1e7
B Sr3d3/2p2 134.24 0.98 37.00 81202
A+1.7202 A* A A*0.66720.05

Figure 46: Pseudo-Voigt(Area) peak fitting grid after fit-
ting the Sr 3d of SrTiOg3 crystal. The height value is given
as an indication but not readable.

equal to 1. This model is symmetrical if o is equal to .
LA(E) is expressed as follow:

—H ___ Ep<E

E—Eo\]7 >~ Le

LA(E; H,E,, F,0,7,0) = { "7+ 7] E>E
(21)

where F' is the full width at half maximum, F is the peak
position, and « and ( are the asymmetry parameters on
the lower and higher kinetic energy sides of the peak, re-
spectively. The LA line shape allows for independent con-
trol of the asymmetry on the two sides of the peak, pro-
viding more flexibility in the peak fitting.

In contrast to CasaXPS, two of these models originate
from a pure Lorentzian with no convolution of Gaussian
and is comparable to the CasaXPS LA(«, 3, 0). Fig.
show a comparison of different LA models with the true
Voigt and Table |3 gives the required o and « values for
different lg ratios. It shows that the LA model fails to
fit well the voigt model but the results fround for the are
shows that the fit is better than the GL and SGL model.

lg (%) o&~y Errors
10 9.58 RSD: 0.45, Area: 97.8
20 4.42  RSD: 0.46, Area: 95.8
30 2.74 RSD: 0.42, Area: 94.0
40 1.98  RSD: 0.35, Area: 94.0
50 1.57  RSD: 0.22, Area: 93.0

Table 3: Conversion table between lg ratio values and o
and ~ for a voigt peak of area A of 100, a width ~ 1 eV
and a varying lg ratio

KherveFitting provides three different control of the LA
model:

LA(Area, o, 7): This model allows the control of o and
~ independently of each other. This is similar to the LA
function in CasaXPS called LA(«, 8, 0) with a Gaussian
of width of 0 meV.

It differs to it, however as constraints can be implemented
to ¢ and ~ allowing it to tune the peak shape automati-
cally. One drawback of tuning ¢ and 7 independently is
that the symmetry of the peak is difficult to keep constant
if one wants to have calculated automatically using con-
straint. Fig. shows the peak fitting parameter grid for
a doublet or 2 peaks model using this model. The Height
(H) and the ratio o/ are grey as they can be read but
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Figure 47: Comparison plot between the Voigt model of
area A: 100 with lg of 10% (top figure) and 40% (bottom
figure) with the LA(o, 7, 0) (No gaussian width). ¢ and
v values are shown in Table 3] The inset shows a zoom to
about x100.

cannot be changed. In this doublet the peak B shows that
FWHM (F), o and v are in function of peak A by A*1.

LA(Area, o/7v, ): This model allows the control of ~
and the ratio between ¢ and +, namely o/v (%). This
is particularly useful to control the symmetry and asym-
metry of the peak model. Like the LA(Area, o, 7), this
model is similar to the casaXPS LA(«, 3, 0), but the con-
straints imposed by KherveFitting on v and o/ make it
much more powerful. In addition to the fact that this
model is easy to compute, it makes it a good candidate
to replace the Voigt model. Fig. [49]shows the peak fitting
parameter grid for the Sr 3d model using this peak shape.
Here, the Height (H) and o are read-only and cannot be
changed. The value of ¢ is calculated from v and the o/
ratio.

LA*G(Area, o/7v, v): This model is similar to the
LA(Area, 0/7, v) model but the asymmetric Lorentzian is
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D Peak Position Height FWHM  ofy (%) Area o Y
Label (eV) (CPS) (eV) /G (CPS.eV) W_g Wl
A S5r3d5/2 pl 13249 01227 0.96 112805 2.86 278
126.08,142.08 0.3:3.35 1:1e7 0.01:10 0.01:10
B S3d32p2 13425 974 096 714 286 278
A+1.780.2 A"l A*0.667%0. A1 A1
Figure 48: LA(Area, o, ) peak fitting grid after fitting

the Sr 3d of SrTiOj3 crystal. The Height (H), o/~ ratio
are not adjustable where the latter is calculated from the
value of o and .

Peak Position Height FWHM ofy(%) Area o Y

D abel (eV) (CPS) (V) LG |(CPS.eV) Wg wy | Skew

A sadszpn 13249 0% 5000 113088 277 277 05 1
126.08,142.08 0335 Fixed T:le7 0.0%:10

B S3dy2p2 1425 09% 5000 78031 277 4 6
Ac1.7202 At A AT6TED. an

Figure 49: LA(Area, o/7, ) peak fitting grid after fitting
the Sr 3d of SrTiOj3 crystal. The Height (H) and o are
not adjustable but with the latter being calculated from
the value of v and o/ ratio This ratio is given in %.

then convoluted by a Gaussian peak of a width W,. This
model allows for the control of 7, the ratio between ¢ and
v (¢/7), and the width of the convoluting Gaussian peak
(Wy). The convolution with a Gaussian peak can help
to better fit peaks that have a more Gaussian-like shape
while still maintaining the asymmetry provided by the LA
function. Fig.[50|shows the peak fitting parameter grid for
a doublet model using this peak shape. The Height (H)
and ¢ are read-only and cannot be changed, with o be-
ing calculated from « and the o/~ ratio. Note that the
FWHM (eV) represents the width of the LA model before
convolution therefore it is NOT the true FWHM value.
The true FWHM can be obtained by pressing the "TAB’
key and getting the reading the measured FWHM of the
chosen peak.

D Peak Position Height FWHM | ofy (%) Area o Y Skew
Label (e (CPS) ) UG | (CPS.eV)| Wg Wi
A Sr3d5/2 p1 13248 003 0.64 50.00 114796 52 152 0.61
126.08,142.08 0.3:3.5 Fixed  1:1e7 0.01:4 0.2:2
A+1.7£0.2 A1 Af1 A*0.66720. A AN

Figure 50: LA*G(Area, o/, 7) peak fitting grid after
fitting the Sr 3d of SrTiO3 crystal. The Height (H) and o
are not adjustable, with the latter being calculated from
the value of v and o/v ratio. The ratio is given in %.
The width of the convoluting Gaussian peak is denoted
as W,. Note that the FWHM (eV) here is not the true
width of the LA*G peak but it is the width of the LA
before convolution. The true FWHM can be obtained by
pressing the "TAB’ key and selecting the chosen peak.

ExpGauss(Area, o, 7) Exponentially Modified
Gaussian: The Exponentially Modified Gaussian (Exp-
Gaussian) model is a convolution of a Gaussian and an
exponential decay function. It is commonly used to de-
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scribe peaks with an asymmetric tail. The ExpGaussian
model is defined as:

ExpGaussian(E; A, E., 0,7) =

Ay exp ['y (Ec +y0?/2 — E)] erfc (

EC+702—E>
2

o2
(22)

where A is the amplitude, p is the center of the Gaussian
component, o is the standard deviation of the Gaussian
component, and ~y is the rate of exponential decay. The
erfc function is the complementary error function. The
ExpGaussian model introduces asymmetry to the peak
shape through the exponential decay component. The de-
gree of asymmetry is controlled by the v parameter. When
~v = 0, the model reduces to a pure Gaussian. As v in-
creases, the asymmetry becomes more pronounced, with
a longer tail on one side of the peak. The ExpGaussian
model is particularly useful for fitting peaks in spectro-
scopic data where the peaks exhibit asymmetry due to
various physical processes, such as detector response or
sample inhomogeneity. It provides a more accurate rep-
resentation of the peak shape compared to a symmetric
Gaussian or Lorentzian model.

Doniach-Sunjic DS(E): The DS functions are based on
the Doniach-Sunjic function. This model is particularly
useful for fitting asymmetric peaks in XPS spectra, espe-
cially for metallic samples.

DS*G (A, o, v, 8): This model allows users to control
the width of the Gaussian (o), width of lorentzian (), and
asymmetry parameter (S) independently of each other.
The asymmetry parameter (S) typically ranges from 0
(symmetric) to 0.2 (highly asymmetric), with metallic
peaks often having values between 0.05-0.125. The func-
tion can be expressed as:

DS x G(Area, E,,0,7,5) =

23
DS(E;Ec,v,S) * G(E; E.,0) (23)

where DS(E; E¢,~,S) is the Doniach-Sunjic function:

DS(E;ECW’Y?S) =
v(1 = 5) cos (% + (1 — 5)arctan (%))
(E — E,)20-5) 4 ~2)(1-5)/2

(24)
and G(E, o) is the Gaussian function:

G(E;E.,0) = L 67%
oV 2T
Fig.[51]shows the peak fitting parameter grid for a doublet
model using this peak shape. The Height (H), FWHM and
lg are read-only and cannot be changed, with lg being
calculated from the v/(o + 7) * 100 ratio.

(25)
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D Peak Position Height FWHM ofy (%) ) Area o v W_g
Label (V) (CPS) (V) [¥<] (CPS.eV) W_g w_I Skew
A Sr3d5/2 pl 13248 - 115016 085 0110 0.010
128.08,144.08 11e7? 0315 0115 002
B 5r3d3/2_p2 13422 78043 0.856 0.110 0.010
A+17802 A*0.667#0.05 A*1 A*1 A*l
Figure 51: DS*G(A, o, v, S) peak fitting grid after fitting

the Sr 3d of SrTiO3 crystal. The Height (H) and FWHM
and lg are not adjustable but with the latter being calcu-

lated from the value of v/(o 4 «) * 100 ratio.
Corrected Area

The Corrected Area A, of a peak of area Apeqx fitted using
the models above can be obtained using the formula:

_ Apeak
RSF x TXFN x ECF x ACF

Ae (26)
where:

e RSF': Relative Sensitivity Factor for the element

e TXFN: Transmission Function of the instrument for a
specific pass energy PE. This is set to 1.0 for Thermo
Kalpha instrument. If the file was imported using
Vamas (.vms), or Kratos (.Kal), or Ulvac-Phi (.spe)
then KherveFitting read the transmission values and
correct the intensity values accordingly. The results
is shown on Col B, C, D of the Excel file.

e ACF: Angle Correction Factor, which accounts for the
angular distribution of photoelectrons. The factor is
given by:

ACF =1 - %3 cos? 0 — 1) (27)

where [ is the asymmetry parameter for the orbital
of interest, and 6 is the take-off angle of the photo-
electrons relative to the sample surface. For instru-
ments with a magic angle of 54.7°, the correction fac-
tor ACF = 1.

e ECF: Energy Compensation Factor

The ECF depends on the selected library and accounts for
either:

e The inelastic mean free path (Scofield libraries)

e The transmission function included in the original
Wagner sensitivity factors

Three methods are available for ECF calculation:
1. Kinetic Energy Approximation

e Scofield: ECF = KE®¢

e Wagner: ECF = KE!*

e Auger: ECF = 1.0
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2. TPP-2M Method for calculating Inelastic Mean
Free Path (IMFP), short for Tanuma, Penn, and Pow-
ell, who developed this relation (Tanuma et al., 1993),
provides an accurate empirical formula for calculating the
inelastic mean free path (IMFP or ) of electrons in vari-
ous materials. This method is based on the kinetic energy
(E) of electrons and incorporates material properties such
as density, molecular weight, and the number of valence
electrons. The IMFP ()) calculation is vital in surface-
sensitive techniques like XPS, where understanding the
escape depth of electrons is crucial for quantification. The
TPP-2M formula for IMEFP () is given by:

C D
A== |Bln(y-E)— =+ = 2
o LCTEEE R = RS
where:
N, -
Ey = 28.8 L (29)
0.944
B =—0.10+ B e +0.069°%! (30)
\VEL+ B
v =0.191p7%° (31)
Ny-p
=1.97-0.91 2
C=197-0.9 ( i > (32)
Ny-p
D = 53.4 — 20.
53 08( i > (33)

where F is the electron kinetic energy (eV), p is the mate-
rial density (g/cm?), M is the molecular weight (g/mol),
N, is the number of valence electrons per atom, Ey; is free
electron plasmon energy (eV) and E, is the bandgap en-
ergy (eV). The resulting IMFP ()) is reported in nanome-
ters (nm).

For a general approximation applicable to metals and inor-
ganic compounds, average matrix parameters can be used.
Based on reference data, the following average values are
assumed:

N, =4.684 (valence electrons/atom)
p = 6.767 g/cm3

M = 137.51g/mol

E,=0eV.

Substituting these values into the equations, we get:

[4.684 - 6.767
Epl = 28.8 W ~ 16.26 eV,

To ensure consistency with software like Avantage, a scal-
ing factor of 26.2 was applied to the calculated IMFP. This
allow to match corrected areas with those obtained using
EO'G.
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ECF = A x 26.2. (34)

3. EAL Method for calculating the Inelastic Mean
Free Path for Thin Film Sample. An alternative to
the TPP-2M approach is the approximation using Martin
Seah’s universal equations for IMFP () and the Effective
Attenuation Length (EAL):

\ = 0.73 + 0.0095 £0-872

703 nm) (35)
0.65 + 0.007E9-93
EAL = 7038 (nm) (36)

where:
e E: Photoelectron kinetic energy (in eV),
e Z: Average atomic number of the material.

The IMFP ()) describes the average distance electrons
can travel before undergoing inelastic scattering, while the
EAL accounts for attenuation effects that reduce the sig-
nal’s effective sampling depth. For thin-film quantifica-
tion in XPS, the EAL model is particularly relevant as it
adapts the analysis depth based on material and kinetic
energy parameters. This ensures accurate quantification
of elements in homogenous thin films and avoids overesti-
mation of the signal contribution from deeper layers.

Page 31



& KherveFitting-v1.71~25112 - Cite this Paper —--> DOI: 10.1002/sia.70032

File Edit View Tools Help

i
7] (el

= E = |\ = IS

Intensity (CPS)
o o
(-] o

o
q

14
o

1220 1210 1200

Binding Energy (eV)

1230

Parameters
Smooth Width

Pre-Smooth Passes 2 -
Differentiation
Width (eV) -
Post-Smooth Passes 1 -

Smooth Algorithm Caussan

D-Parameter Value (eV)

2260 ev

Calculate

Clear D-para

Figure 52: Analysis of the D-parameter

Additional Features

D-Parameter Analysis

The D-parameter is an important metric used in X-ray
photoelectron spectroscopy (XPS) for quantifying the ra-
tio of sp? to sp? hybridization in carbon materials. This
parameter is particularly valuable when analyzing carbon-
based materials such as diamond-like carbon (DLC) films,
amorphous carbon, and graphitic structures.

The D-parameter represents the energy separation be-
tween the maximum and minimum points in the second
derivative of the Cls spectrum. In carbon materials, this
value correlates with the proportion of sp? versus sp?
bonding:

e Higher D-parameter values (typically 21-22 eV) indi-
cate predominantly sp? bonding (graphitic carbon)

e Lower D-parameter values (typically 13-14 eV) indi-
cate predominantly sp® bonding (diamond-like car-
bon)

e Intermediate values represent mixed hybridization
states

To calculate the D-parameter using KherveFitting soft-
ware:

1. Select the C KLL spectrum for analysis
2. Open the D-Parameter tool from the toolbar or menu
3. Adjust the following parameters:

e Smooth Width: Controls the width of the

smoothing function (recommended: 7.0)
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e Pre-Smooth Passes: Number of smoothing oper-
ations before differentiation (recommended: 2)

e Differentiation Width: Width parameter for nu-
merical differentiation (recommended: 1.0 eV)

e Post-Smooth Passes: Number of smoothing op-
erations after differentiation (recommended: 1)

e Smooth Algorithm: Method used for data
smoothing (recommended: Gaussian)

4. Click ”Calculate” to perform the analysis

The software will compute the second derivative of the
spectrum, identify the maximum and minimum points,
and display the D-parameter value in eV.

The D-parameter can be used to estimate the sp? /sp® ratio
using calibration curves or reference values from literature.
For quantitative analysis, it’s recommended to compare
results with reference materials of known hybridization.

Table 4: Typical D-parameter values for carbon materials

Material D-parameter Dominant
(eV) hybridization
Graphite 21-22 sp?
Amorphous C 15-20 Mixed sp?
Mixed 14-17 Mixed
Diamond-like C 13-15 Mixed sp?-rich
Diamond 13-14 sp®

When applying this technique, consider the following:

e The D-parameter analysis is sensitive to spectral
noise; use appropriate smoothing parameters

e Charging effects can influence the results; ensure
proper charge compensation
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Figure 53: Fermi Edge measurement

e Sample surface oxidation may affect measurements;
consider argon etching before analysis

e For complex carbon materials, combine D-parameter
with peak fitting for comprehensive characterization

Fermi Edge and Valence Band Measure-
ments

The VBM / Fermi / Cut-Off tool in KherveFitting pro-
vides functionality for analyzing electronic structure fea-
tures in XPS spectra, specifically Fermi edges in metallic
samples and valence band edges in semiconductors. The
tool opens a dedicated measurement window that allows
users to fit Fermi-Dirac distributions to metallic edge fea-
tures and perform linear extrapolation analysis on valence
band or secondary electron cut-off regions. The Fermi
edge fitting uses the Imfitxps library when available, which
provides specialized models for thermal broadening anal-
ysis. If lmfitxps is not installed, users will see a message
indicating the library is missing and may need to install
it separately using pip install Imfitxps.

Fermi Edge Analysis

The Fermi edge fitting module utilizes the LMFITXPS
library [9] to provide accurate thermal broadening analy-
sis. The Fermi-Dirac distribution model accounts for both
thermal effects and instrumental resolution:

1

E—FEp

F(E) =4 1+ exp (££2)

«G(o)+C  (37)

where:
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e A is the step height amplitude

Er is the Fermi level position (eV)

kT is the thermal broadening energy (eV), where k is
Boltzmann’s constant

G(o) represents Gaussian instrumental broadening
with standard deviation o

e (' is a constant background offset

This approach follows the methodology established by [10]
and refined by [I1] for high-resolution XPS measurements.
The convolution with Gaussian instrumental response ac-
counts for spectrometer resolution effects as described by

[12].
Edge Width Characterization

The thermal width is quantified using standardized per-
centage definitions [13]:

Widthig_gs9, = kT In(25.5) (standard measure) (38)
Widthig_go9 = kT In(81) (traditional measure) (39)
Widthyg_goy = kT In(16) (practical measure)  (40)
The 16
The effective temperature is calculated as:
kT
Teg = — (41)
kg

where kp = 8.617 x 1075 eV /K is Boltzmann’s constant.
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Valence Band Maximum (VBM) Determi-
nation

For valence band maximum (VBM) and cut-off measure-
ments, the tool provides three analysis methods: lin-
ear extrapolation, leading edge midpoint, and derivative
method. The linear extrapolation method fits straight
lines to selected portions of the spectrum and finds their
intersection with the baseline to determine the band edge
or cut-off position. Users control the fitting through ad-
justable parameters including the energy range for edge
fitting, number of data points to use, and optional back-
ground correction. The tool displays the extrapolation
lines and fit points on the main plot and provides de-
tailed results including the determined position and fit-
ting statistics. The cut-off analysis is specifically intended
for secondary electron cut-off measurements used in work
function determinations, where the cut-off energy can be
related to the work function through the photon energy.
The Linear Extrapolation Method is the standard ap-
proach involving linear extrapolation of the leading edge
to the baseline, as described by [I5]. This method provides
the most reproducible results for crystalline semiconduc-
tors.

Cut-Off Measurements for Work Function

The secondary electron cut-off (SECO) analysis enables
accurate work function determination through measure-
ment of the secondary electron onset. The work function
® is calculated as:

® = hv — Equpeoft (42)

where hv is the photon energy and E.utof is the measured
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cut-off position.

The implementation follows the standardized protocol
outlined by [I6] for SECO measurements. Linear extrapo-
lation of both the secondary electron edge and background
ensures accurate cut-off determination even in the pres-
ence of instrumental artifacts. The method used here is
the standard approach with background subtraction.

Thickogram - Thickness Calculation

The Thickogram is a beta feature in KherveFitting de-
signed to calculate overlayer thickness in thin film sam-
ples using X-ray photoelectron spectroscopy (XPS) data.
This tool is currently labeled as ” Thickogram Calculator
- beta” in the software’s Tools menu, indicating it is still
under development and testing. The calculator applies the
standard Beer-Lambert attenuation relationship to deter-
mine how thick an overlayer is based on the attenuation
of substrate photoelectron signals. Users should be aware
that this is a beta implementation and may contain lim-
itations or require further validation for specific sample
types or measurement conditions.

The thickness calculation is based on the fundamental
Beer-Lambert attenuation law for photoelectrons traveling
through matter. The overlayer thickness ¢ is determined

using:
Iy
t=Asinfln | —
sin n<I)

e t is the overlayer thickness (nm)

(43)

where:

e ) is the inelastic mean free path (IMFP) of photo-
electrons in the overlayer material (nm)
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e (0 is the photoelectron take-off angle relative to surface
normal (typically 54.7° for magic angle)

e [y is the unattenuated substrate signal intensity

e [ is the attenuated substrate signal intensity through
overlayer

The theoretical foundation for this approach was estab-
lished by [17, [18], building on early work by [19] on angle-
resolved XPS. The implementation in KherveFitting fol-
lows the standardized protocols outlined in ISO 18115 [20].
The Thickogram implementation in KherveFitting uses
the EAL (Effective Attenuation Length) method for cal-
culating the attenuation length values rather than the
TPP-2M method that is detailed elsewhere in the man-
ual for general quantification purposes. The EAL for-
mulas are A = (0.73 + 0.0095E°872) /703 and EAL =
(0.65 + 0.007E%93) /7038 where E is the photoelectron
kinetic energy and Z is the average atomic number. The
EAL approach is specifically intended for thin film analysis
and accounts for additional scattering effects that become
important in layered systems. Users should understand
that thickness calculations depend on the accuracy of the
attenuation length values and the validity of the underly-
ing assumptions about sample structure and homogeneity.

Principal Component Analysis (PCA)

Principal Component Analysis is a statistical dimension-
ality reduction technique used to identify patterns and
sources of variance in XPS datasets containing multi-
ple related spectra. PCA decomposes spectral datasets
into orthogonal principal components, with non-negativity
matrix factorization (NMF) applied to ensure physically
meaningful positive-only results suitable for XPS data.
Accessing PCA Analysis: Menu Access: Navigate to
Tools — PCA Analysis to open the PCA analysis window.
The window displays control parameters on the left and
four analysis plots on the right.

Control Panel - Core Level Selection:

Select Core Levels: Use the checklist to select spectra
for PCA analysis. These should represent a systematic
series such as Survey, Surveyl, Survey2 from a depth pro-
file, or Cls, Clsl, C1s2 from a reaction series. A counter
displays the number of selected core levels. Select All
and Unselect All buttons provide rapid selection control.
Right-click on the checklist to access additional selection
options grouped by element or region type.

Offset Options: Choose between Minimum Value (sub-
tracts minimum intensity from each spectrum) or Smart
Background (applies the Smart background algorithm be-
fore PCA). The offset removes baseline variations that
would otherwise dominate the variance analysis. Chang-
ing the offset setting automatically recalculates the anal-
ysis and updates all plots.

Normalization: Select normalization method from None
(raw intensities), Area (normalizes to unit total area), or
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Max Height (normalizes to unit maximum intensity). Area
normalization is recommended for most analyses as it em-
phasizes peak shape variations while removing total in-
tensity differences. Normalization selection automatically
updates all plots.

Non-Negativity Fitting Parameters: Set the NMF it-
eration count (10-10000, default 1000) and convergence
tolerance (0.00001-1.0, default 0.0001). These parameters
control the optimization process that rotates PCA compo-
nents to enforce non-negative loadings, which is essential
for physically interpretable XPS components.

Analysis Execution:

Find Components: Enter the number of principal compo-
nents to calculate (1-28, default 2) and click Analyse. The
software performs PCA decomposition on the selected and
preprocessed spectra. Common binding energy grids are
created automatically if the selected spectra have different
energy ranges. The analysis extracts the specified number
of principal components ordered by decreasing variance
explained.

Use Components: After analysis completes, specify how
many components to display (1 to the number found).
This controls which components appear in the plots and
concentration profiles. Typically 2-4 components capture
meaningful chemical variance in depth profiling datasets.
Create Core Levels: Click to generate new Excel sheets
(PCA1, PCA2, etc.) containing the extracted component
spectra. These sheets can be plotted, fitted, or analyzed
like any other core level spectrum. Each component repre-
sents a distinct spectral pattern contributing to the vari-
ance across the dataset.

Plot Panels:

Loadings Plot (Top Left): Displays the spectral
shape of each principal component versus binding energy.
Each component represents a pattern of correlated inten-
sity variations across the dataset. Peaks in the loading
spectrum indicate binding energy regions that contribute
strongly to that component. The first component (PCA 1,
green) typically captures the dominant chemical change.
Higher components (PCA 2, 3, etc.) capture secondary or-
thogonal variations. After non-negativity rotation, load-
ings are strictly positive and can be interpreted as pure
component spectra.

Original Data Plot (Top Right): Shows all selected
spectra stacked with vertical offset for visualization. This
provides context for the PCA analysis by displaying the
raw input data after preprocessing (offset subtraction and
normalization). Spectrum colors transition through the
colormap to indicate dataset progression (e.g., increasing
depth in depth profiles). This plot enables assessment of
data quality, signal-to-noise ratio, and systematic trends
before component extraction.

Reconstructed Plot (Bottom Left): Displays the re-
constructed spectra calculated by combining the selected
number of PCA components. Comparing this plot to the
Original Data Plot reveals how well the principal compo-
nents capture the dataset variance. Good reconstruction
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Figure 55: Principal Component Analysis (PCA) window

with 2-3 components indicates the dataset complexity is
fully described by these components. Systematic devia-
tions suggest additional components may be required or
that noise is present.

PCA Profiles Rotated NonNeg (Bottom Right):
Shows the contribution of each PCA component to
each original spectrum as a concentration profile. The
X-axis shows plot number (corresponding to spectrum
index in the selected series), while the Y-axis displays
concentration as a percentage. Each component is plotted
as a colored line with markers. For depth profiles, this
plot reveals how chemical states evolve with sputtering
time or depth. Y-axis limits can be controlled using Auto
Y (automatic scaling) or manual Min/Max values for
fixed scales.

Profile Controls:

Auto Y Axis: When checked, the concentration profile
Y-axis scales automatically to fit the data. Uncheck to
enable manual Y-axis control.

Y Min/Max: Manually set the concentration profile Y-axis
limits when Auto Y is disabled. This is useful for compar-
ing multiple analyses with consistent scales or focusing on
subtle variations.

Workflow Example - Depth Profile Analysis:

Step 1: Select all depth profile spectra in the checklist
(e.g., Ols, Ol1sl, O1s2, O1s3, Ols4 representing progres-
sive sputtering depths).
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Step 2: Choose offset method (Smart Background recom-
mended for XPS data) and normalization (Area normal-
ization recommended).

Step 3: Set number of components to find (start with 2-3
for typical depth profiles) and click Analyse. The software
extracts components and displays results in all four plots.
Step 4: Examine the Loadings Plot to interpret compo-
nent spectral shapes. For metal oxides, PCA 1 might show
the metallic peak while PCA 2 shows the oxide peak.
Step 5: Check the Reconstructed Plot to verify that the
selected number of components adequately captures the
data variance. If reconstruction differs significantly from
original data, increase the number of components used.
Step 6: Analyze the concentration profile to understand
composition evolution with depth. For surface oxide anal-
ysis, PCA 1 (oxide) should decrease with depth while PCA
2 (metal) should increase.

Step 7: Click Create Core Levels to save component spec-
tra as PCA1, PCA2 sheets for detailed examination or
fitting.

Applications:

Depth Profiling: PCA identifies the dominant chemical
states present at different depths and quantifies their con-
centration profiles. This is particularly valuable for oxide
layers, multilayer coatings, and interfacial chemistry where
gradual transitions occur.

Reaction Monitoring:  Time-resolved spectra from
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chemical reactions or degradation processes can be ana-
lyzed to extract reaction intermediate spectra and kinetic
profiles. PCA identifies the number of distinct chemical
species present and their evolution.

Quality Control: Batch analysis of nominally identical
samples reveals systematic variations or outliers. Devia-
tions in PCA concentration profiles indicate process vari-
ability or contamination.

Data Reduction: Large spectral datasets can be com-
pressed to 2-4 principal components without significant
information loss. This facilitates visualization and inter-
pretation of complex datasets.

Plot Modification Tool

The Plot Modification Tool provides data transformation
operations including smoothing, noise addition, differenti-
ation, integration, arithmetic operations, binding energy
shifts, and synthetic Voigt peak generation. All operations
create new core level sheets, preserving the original data.
Access via Tools — Plot Modifications.

Smoothing Mod. Constant Mod. Other Mods.
Method: Type:
Gaussian Multiply
Width: Value:
5 = 10 =
Apply Smoothing Apply Operation
Integration Mad. Differentiation Mod. BE Shift Mod.
Width: Width: Shift (eV):
5 = 5 = 0.0 s
Apply Integration Apply Differentiation Apply BE Shift

Figure 56: Plot Modification window

Smoothing Mod.:

Method Selection: Choose from Gaussian (convolves
with Gaussian kernel for smooth results), Savitzky-Golay
(polynomial smoothing that preserves peak shapes and po-
sitions), or Moving Average (simple averaging for basic
noise reduction).

Width Parameter: Controls smoothing strength. For
Gaussian, width specifies the kernel standard deviation
in points. For Savitzky-Golay, width is the window length
(must be odd). For Moving Average, width is the averag-
ing window size. Larger widths provide more aggressive
smoothing but risk peak distortion. Recommended start-
ing values are 3-7 points for typical XPS data.

Apply Smoothing:  Applies the selected smoothing
method with the specified width parameter to the cur-
rent spectrum. The smoothed data is saved as a new core
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level sheet with an incremented name (e.g., Cls becomes
Clsl if Clsl is the earliest available name).

Noise Mod.:

Type Selection: Hidden by default (access by setting
Constant Mod. to Special with value 1976). Choose from
Gaussian (normally distributed random noise), Uniform
(uniformly distributed noise), or Poisson (shot noise fol-
lowing Poisson statistics appropriate for photon counting).
Amplitude Parameter: Specifies the noise magnitude.
For Gaussian and Uniform, amplitude sets the standard
deviation or range. For Poisson, amplitude scales the Pois-
son parameter.

Add Noise: Applies synthetic noise to the current spec-
trum. This feature is primarily used for testing noise re-
duction algorithms or simulating lower signal-to-noise ac-
quisition conditions. A new core level sheet is created
containing the noisy data.

Constant Mod.:

Type Selection: Choose the arithmetic operation: Mul-
tiply (scales intensities by constant factor), Divide (scales
intensities by 1/constant), Add (adds constant offset to
all points), Subtract (subtracts constant offset), or Spe-
cial (reserved for software functions).

Value Parameter: The constant value used in the se-
lected operation. Typical uses include correcting for
known instrumental factors (multiplication), removing
baseline offsets (subtraction), or normalizing to specific
ranges (division).

Apply Operation: Executes the selected arithmetic op-
eration on the current spectrum and saves to a new core
level sheet. The new sheet name indicates the operation
performed (e.g., ”Multiplied” or ” Added”).
Differentiation Mod.:

Width Parameter: Controls the differentiation window
width. Larger widths provide smoother derivatives but
reduce sensitivity to sharp features. Recommended values
are 3-7 points. Differentiation amplifies high-frequency
noise, so applying smoothing before differentiation is often
beneficial.

Apply Differentiation: Calculates the first derivative
of the current spectrum with respect to binding energy.
Peaks in the original spectrum appear as zero-crossings
in the derivative. The derivative is particularly useful
for identifying overlapping peak positions and detecting
shoulders. A new core level sheet contains the derivative
spectrum.

Integration Mod.:

Width Parameter: Controls the integration window or
method parameters. Integration performs cumulative
trapezoidal integration to convert the spectrum into its
integrated form.

Apply Integration: Performs numerical integration on
the current spectrum. This operation is useful for back-
ground estimation in some cases or for converting differ-
ential cross-section data to integrated intensities. The in-
tegrated spectrum is saved as a new core level sheet.

BE Shift Mod.:
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Shift Value (eV): Specify the binding energy shift in
electronvolts. Positive values shift to higher binding en-
ergy (more positive), negative values shift to lower binding
energy. This operation is essential for charge correction
when referencing to adventitious carbon or other calibra-
tion standards.

Apply BE Shift: Adds the specified shift to all binding
energy values in the current spectrum, creating a new core
level sheet with shifted energy scale. The intensity data
remains unchanged. This is the preferred method for ap-
plying charge corrections as it maintains data integrity
while updating the energy axis.

Create Voigt Model:

Position (eV): Central binding energy of the synthetic
Voigt peak.

FWHM (eV): Full width at half maximum of the Voigt line-
shape. Typical XPS peaks have FWHM of 0.8-2.5 eV de-
pending on core level and chemical state.

L/G Ratio (%): Lorentzian-to-Gaussian ratio percent-
age. 0% is pure Gaussian, 100% is pure Lorentzian. XPS
peaks are typically 20-40% Lorentzian due to core-hole
lifetime broadening.

Height (CPS): Maximum peak intensity in counts per
second. This sets the peak amplitude.

Range Min/Max (eV): Binding energy range over which
to generate the Voigt model. The model is calculated as
a high-resolution synthetic spectrum over this range.
Create Voigt Model: Generates a synthetic Voigt peak
with the specified parameters. The model is saved as a
new core level sheet and can be used for testing fitting al-
gorithms, simulating expected lineshapes, or as reference
spectra for deconvolution. The Voigt parameters are au-
tomatically populated from the current plot limits when
the window opens, providing convenient starting values.
Hidden Features:

Some advanced features (Noise Mod., Create Voigt Model)
are hidden by default to simplify the interface. Access
these by selecting ”Special” in Constant Mod. and en-
tering value 1976, then clicking Apply Operation. This
toggles the visibility of advanced panels.

Data Integrity:

All Plot Modification operations create new core level
sheets rather than overwriting original data. The software
automatically determines the earliest available sheet name
(e.g., if Cls and Clsl exist, the new sheet is C1s2). New
sheets are immediately added to the sheet combobox and
File Manager, and the JSON state file is updated. This
non-destructive workflow ensures original data can always
be recovered and allows exploration of multiple processing
approaches.

Workflow Best Practices:

Sequential Processing: Apply modifications in logical
order. Smooth before differentiation to avoid amplifying
noise. Apply offset corrections or BE shifts before smooth-
ing to avoid edge artifacts.

Parameter Optimization: Start with conservative pa-
rameter values (small smoothing widths, moderate shifts)
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and incrementally increase as needed. Over-processing de-
grades data quality and can introduce artifacts.
Validation: After applying modifications, verify that
peak fitting models still provide adequate fits and that
quantification results remain physically reasonable. Some
operations may require refitting or background recalcula-
tion.
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