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Preface

The energy resolution and the sensitivity of photoelectParger electronX-ray asorptionand
RAMAN spectroscopy have beestrongly improved since the development of the first
spectrometers in thE960s Initially the resolution of the Xay photoelectron spectra was restricted

to a few eV by the width of the exciting-pdy lines. Nowadays energgsolutions as low as a few
10meV may be obtained in favourable cases by both taking advantage oésdidltion electron
analysers and employing monochromatized synchrotron radiation. However, an adequate modellin
of the experimental spectra with sealatifferent components has remained a challenge all the time
regardless of the achieved level of energy resolution, because higher resolution gives access to mu
more detailed information, which again has to be gained from the raw data. In particularg bi
energies and intensities of components have to be derived to identify chemical species and quanti
the chemical composition of investigated samples. In order to obtain the desired information from
core level spectra several computer codes havedmartoped in the past that permit the numerical
optimization of parameters from theoretical peak models.

However, practical application of this kind of data analysis software requires appropriate descriptior
of the spectra by adequate models, conveniatat dandling, excellent numerical performance for
fast calculations, and versatile opportunities for data transfer and representation. The typica
advantages of commercially available software are comfortable handling and extensive graphice
design optionsHowever, they often exhibit severe restrictions in data modelling. On the other hand,
userdeveloped programe codes are very often tailonade for single spectrometers and special
applications. In many caséisey were written by insidersfor internal ug only. In order to fill this

gap, a programe for the peak shape analysis of core level photoelectron spectra has been
devel oped, tested and used intensively by ¢t
WINDOWS, which solves several importgirbblems in the evaluation of electrofrray and laser
spectroscopy data and thus contributes to a more efficient usage of spectral information in XPS
XAS, AES and RAMAN spectroscopy

The current version is executable on 32 bit and 64 bit Windows opersystems.Personal
scientific studiesn the field of spectroscopic processing methods in cooperation with international
scientists scurethe high theoretical and methodical level aé $oftware.

In order to save a stable marketing, a continuougdagment of the software and a customer
service the Unifit Scientific Software GmbH was found in Augu$t%20

Dr. rer. natRonald Hesse Leipzig, August2016
Preface to version202/2026

Main focus of the advancement to tHNIFIT 2025 wastherework, new design and optimization
of the calculation of the transmission function. The-pp@and puldown commands were
improved. The windowselection menus were redesigned. The functiomsesfusd P1 ot | nt e
Axisd and 6Pl ot Enwweregwbvedhavenumber AXi sb
1. Thespecial functioréCalibration | nt e n s i wag co@puetely eworked and
redesigned. A nevteration methodvas implemented. Former pulbwn commands
wereredesignedThe following items were @mged
a) The pulkdownmenuof the thee methods of th&(E) estimation were clearly
separated:
- Survey Spectra Approach (SSA)
- Quantified Peak-Area Approach (QPA)
- Approach Transmission FunctionT(E)
b) The operation dialogs of all methods were redesigned. The currently used method
displayed in the dialog title.
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c) The normalization option was reworked.

d) The iteration error and the estimation time were displayed.

e) The implemented iteration method of the QPA method was optimized. The
calculation time was strongly reduced

f) A new iteration method of the QPA method were developedraagrated Now,
the iteration method St e p |laydd B&a B ¢ 6arsoffered

Thedialoguesd Pl ot Ener gy / Wanmé Rumbel nAwenesi 6ty AXi s

refreshed. New options were ilemented.

Thedialogue&elect Windowswas refreshedNew options were implemented.

Thedialogued@uantification bwasrefreshedNew options were implemented.

The design optiodark Modedwasimplemented. All dialogues can besplayedn the

O0Li ghtdé Wadéd Moded

Now, the appearance of teeduction Linesdis variabk. Thecolour, thickness and

line shapecan be defined.

Leipzig,den01.062024 Dr. rer. natRonald Hesse

Main focus of the advancement to tUBIFIT 2026 softwarewasthe completely rework of the
programme code and therefore the reduction of the software®nlystwo addinional programme
features wereimplemented. The stability of the software handling, the loading and saving of Unifit
projects were improved.

New implemented:

1.

2.

Thepossibility of the loading of defected Unifit projects was implemented. Twelve
check pointdor the finding of incorrect data linegere integrated in the UnifRroject
loading subprogramme The project check can be activated and deactivatettaSpec
windows with a defected data structwereremovedand not loadednd all spectra
windows with a correct data structuaesloaded.The new created Unifit project with the
correct data structure can be saved uaingw name. The windows number of tiewv
project is lower with respect of the original defected project. The testing and loading of
defected Unifit projects canilbnei faictt iP/raotjeedc
The dial ogue pX¥XAxits @ Pwa $lhesatimuooihe XAxis can

be defined direct at the-Kxsis of the spectra windows using the right mouse button.
The batckfile loading of the Croissant data format was developed and integrated.

Reworked and corrected:

3.

4.

©

The loading and saveing of Unifit projects wsFocusCSA data were reworked and
corrected,

Thecolourdesi gn code of the edit fields in the
and corrected. In case of a large numbevioflows,the edit fieldsarepresernted

exactly.

The labelling of the poppc o mmands was corrected. The con
Mar ker Linesd is now displayed correctly.

The saving of 03D Wat er f aRArdiectsPMasurevorked and s ent a
corrected.

The opti:Ad |6Sdtdt.i M\ ndows 6 iSmtteHd idieadl ompusg ¢
reworked, too. Now thexcitationsatellites were subtractednly onetimes.

The correct presentatiand operatiom f t he di al ogue O6Par ameter
The correct working of thBve design dialogues

a) Graphs Standard Windowsagner Plot

b) Axsis/Lines/Text

c) 3D Plot Waterfall/XY 3D Plot/Color Profile
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d) 3D Plot Waterfall 0° Plus

e) Parameter Plot

for the:

a) Display or

b) Printer

using the three waysr opening

a) [Preference$ Preferences] without open spectra windows

b) [Preference$ Preferences] with open spectra windows

c) Open of the dialogues from the active window with [Annotation/Des@n
and the corresponding options

ayo0Transfer to the Active Wi ndowbd

b)) 6Transfer to All Windows?é
c) 6Transfer t ctedaMindowhy ws d (sel e
and for the 3D Windows:

a) OActivated Curve
b) 6Sel ected Curves
c) 6AIl I Curvesbo

and the combination of the optiongrevalidatedand corrected

0
0

Leipzig,den01.06.2025 Dr. rer. natRonald Hesse
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1 General Characteristics

UNIFIT FOR WINDOWS is a universal processing, analysis and presentation software for
photoelectron spectroscopy (XPS, SXFRESXPSand ARXPS) X-ray absorption spectroscopy
(XAS XANES, NEXAFS and XMCD), Auger electronspectoscopy(AES, SAM) and RAMAN
spectoscopybased on Windows XPNindows Vista Windows7, Windows § Windows 10and
Windows 11(32-bit and 64bit). Personal computer systems witlGHz processor or highere
recommendedThe layoutof the controls has the common Windows design. Additional design
features were implemented@he usage of a SSD hard digkd the definition of the pgspamme
Unifit2026exe as exclusioprocessn the usednti-virus software (e.g. Windows Defend&¥in

10, Win 11), Windows Security EssentialdVin 7)) may considerably reduce the loading and
processing time of projects with a large number of spetlrasoftware can be ten times executed
simultaneously.

Tab. 1. File size of UNIFIT projects of UNIFIT 2026 with respect to the former version
UNIFIT 2022, SW = standard window, 3DW = 3D window, PW = parameter window

UNIFIT project Saved spectra Storage space Storage space
windows UNIFIT 2022 (MByte) | UNIFIT 2026(MByte)

SAM-Mapping256x256 | 65536 SW, 1 275 140

PHI700.ufp 3DW

SAM-O-Ti-Si-64x64 4096 SW, 6 3DW | 15 8

PHI700.ufp

RAMAN -Si-Mapping 10201 SW, 2 133 26

101x101,ufp 3DW

RAMAN -After-Spike 86 SW 1.2 0.2

Correction.ufp

Cu2p14300Spectrawith- | 14300 SW, 1 PW | 73 32

BackgroundSubtraction.uf

Si2p_AreaScan_26x26_ | 676 SW, 9 3DW, | 2.6 1.9

AfterSputtering.ufp 1 PW

The dynamic memorgnanagement allows the exdion of UNIFIT (version 2014 or higher) using
older computer systems, too, but with significant increase in computing time, especially when using
the convolution of several components. The installation could be incomydetg anoperation
system olderthan WindowsXP. The necessary main memory depends on the number of
simultaneouslyprocessablspectraand displayed spectra windowEable1 gives an indication of

the storage spacef the UNIFIT projects Table 2 illustates theprocessingtime of different
processing steps of UNIFIT 2022 and UNBOI260of a large number of spectra.

The programme permits the simultaneous handling of uf5®0 windows with spectra or other
presentations (see Fifj, presentation of foustandardwindows). Thestandardwindows may be
generated hiddeor visible. All generatedtandardvindows (visible or hidden) may be used for the
following operations (e.g. batch processing, 3D predmmt, quantification, parameter plofjhe
number of the first standard window can be defined between 1 and 101. The papdmheter
windows, 3D windows, Wagngalot windows and image windows can be displayed only using
windows with the numbers -1100 (se 3.10.1.). The title line of the parent window shewhe
name of the project currently loaded. TheaXis of XP spectra in standard spectra windows is
drawn with increasing kinetic energy or decreasing binding energy fronefthi theright. The

title bar includessignificant information for the user (see Fi. The Xaxis of XA spectra is
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always presented with increasing photon enefgy X-axis of AES specta is always presented with

increasingkinetic energyand he X-axis of RAMAN spectra is always presented with increasing

wave numberThe annotation of the energyave numberintensity or parameter axis will be

adjusted to the chosen pretion mode. The annotatipthe start and end energy/wave number,

the number of increments and the number of decimal ptdadkaxes may be changed manually by
the user.

Tab. 2. Comparison of the processing time of different processing steps of UNIFIT 2022 and
UNIFIT 2026, operating software: Win 10, hart disk: SSD, anti-virus software: Microsoft
defender, SW = standard window, DSW = displayed standard windows, 3DW = 3D
window, PW = parameter window

UNIFIT project Spectra window, Processing time | Processing time
operation UNIFIT 2022 UNIFIT 2026
SAM-Mapping256x256 | 65536 SW, 1 3DW 2 min 19 sec 1 min 14 sec
PHI700.ufp Background subtraction
SAM-Mapping256x256 | 65536 SW, 1 3DW 1 min 51 sec 0 min 37 sec
PHI700.ufp Differentiation
SAM-Mapping256x256 | 65536 SW, 1 3DW 13 min 18 sec 12 min 36 sec
PHI700.ufp Peak fit, 1 Comp., Sum,
Fittable Backg.
RAMAN - 2601 SW, 12 3DW, 1 PW | 2 min 12 sec 2 min 05 sec
MicroAnalysis.ufp Reduction, Peak fit, 1
Comp., Sum, Fittable Backg
Cu2p14300Spedra-with- | 14300 SW, 1 PW 0 min 31 sec 0 min 13 sec
BackgroundSubtraction.uf| Background subtraction

Fiveteenpresentations are available:
1. Standard: presentation of spectra (see Hjg saved transmission or loss funas (see Fig
20, left),
2. Wagner Plot: presentation of Auger parametésse Fig7).
3. 3D Waterfall 0°: presentation of spectra, background functions, mediifspectra, sum

curves (after peak fit) or chemical components (after peak fit) of parameter dependent

measurements in one window withouskift (see Fig27).

4. 3D Waterfall 0° Plus: presentation of fitted spectra parameter dependent measurements

without x-shift in onewindow (see Fig28).

5. 3D Waterfall 45°: presentation of spectra, background functions, modified spectra, sum

curves (after peak fit) or chemical compone(dafter peak fit) of parameter dependent
measurements in one window witksRift to right (see Fig29).

6. 3D Waterfall -45°: presentation of spectra, background functions, modified spectra, sum
curves (after peak fit) or cheoal components (after peak fit) of parameter dependent

measurements in one window witksRift to left (see Fig30).

7. 3D Colour Profile: presentation of the intensities of spectra, background functions,
modified spectra, sum curves (after peak fit) or chemical components (after peak fit) as
brightnessof different coloursof parameter dependent measurements in one window (see

Fig. 31).
8. XY 3D Plot 45°: presentation of
) the maximum orminimum of the intensities of spectm
i) the positions of the maxima or miniroa
i) the areas of background free speoira
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V) theareas of sum curves (after peak fit) or
V) all peakfit results of thecomponentgafter peak fit)
with respect to the x and y coordinates of multipoint (area) measureimemnis window
with x-shift to right (see Fig32),
9. XY 3D Plot -45°: presentation of
)] themaximum orminimum of the intensities of spectm
i) the positios of the maxima or minimar
i) the areas of background free speoira
V) theareas of sum curves (after peak fit) or
V) all peakfit results of thecomponents (after peak fit)
with respecto the x and y coordinates of multipoint (area) measurenteotse window
with x-shift to left (see Fig33),
10.XY 3D Colour Profile: presentation of
)] themaximum orminimum of the intensities of spectm
i) the positions of the maxima or miniroa
i) the areas of background free speoira
V) theareas of sum curves (after peak fit) or
V) all peakfit results of thecomponents (after peak fit)
with respect to the x and pordinates of multipoint (area) measuremerstsrightness in
one window (see Fig4),
11.XY 3D 45° Colour Profile: presentation of
)] themaximum orminimum of the intensities of sptraor
i) the positions of the maxima or minirna
i) the areas of background free speoira
iv) theareas of sum curves (after peak fit) or
V) all peakfit results of thecomponents (after peak fit)
with respect to the x and y coordinates of multypp¢area) measurementsone window
with x-shift to right(see Fig.36),
12.XY 3D -45° Colour Profile: presentation of
)] themaximum orminimum of the intensities of spectm
i) the position®f the maxima or minimar
i) the areas of background free speoira
iv) theareas of sum curves (after peak fit) or
V) all peakfit results of thecomponents (after peak fit)
with respect to the x and y coordinates of multipoint (area) measureasénightnesof
different colourdn one windowwith x-shift to left(see Fig37),
13.Parameter Plot: presentation of fit parameters (peak height, fiosition ...) or the results
of quantification (pealareas, normalized plkaareas ...) with respect to the parameters
(sputter time, emission angle see Fig26),
14.1mage: presentationof images (e.g. corresponding SEM image to an analysed SAM
measuremeit
15.Show Windows Video Segence: presentation of a short windows video sequence of
standard, 3D or parametplot windows (maximal 75600 frames using standard windows,
maximal 100 frames using 3D or parameter plot windows). Only visible windows can be
included into this presentatio(project: Unifit 2026 User_FilefExample$XPS\As2p3
SDRP-MultiPointMeasuremenr®indowsVideoSequenagp).
With the menu poinkPreferencesi Preferences](see3.10 the operator canpen thedialogue for
the displaying,defining, storageand loadhg (*.set) of all setting parameters of the programme
handling.The general programme parameteifse toolbar and the language can only be changed if
no window is opened\ine groups were defined:
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. Gerneral:

a) Programme Parameters:In order to optimize the using of the main memibiy dimension
of theten general programme parametarsd the number of the first standard window (1
101) may be aligned tahe current analysisThe number of average points for the
smoothing, differentiation and background calculation is varidide.theautomaticspike
correction,the threshold multiplier and the maximal number of spikes (in %) can be defined
manually.

b) Text Dialogs: The font, sizeandform of the menu textanbe defined indepetientof the
spectra windows settings. The textiouris black. The currently setting is displaygstyle,
size, bold, italic, underline)

c) Language:The programme language is Germartaglish.

d) Decimal Character Display/Printer: Independent from the language setting the decimal
character point or comma can be used for the monitor presendatiithe printout.If the
language i€nglish,then the display characteannotbe changed and fixed to point.

e) Unifit Projects: The loading of projects with or without the showing of saved quantification
and film thicknessables is offeredThe generation and saving of prcj®ackup files can be
activated optionally.

f) X-Axis: The presentation of the XP spectra may be done in kinetic eoebjyding energy
XA spectra are displayed invariably in photon engAflgS spectra in kinetic energnd
RAMAN spectra in wave numher

g) Y-Axis: The intensk is displayin counts orcounts per secon@ps)

h) Toolbar: The toolbar can be modified and switched on or off. The size of the icons is
variable.

i) Background XPSQuantification Right Mouse Button: Five optiors are offered: i)
Constant, ii) Linear, iii) Shirley, iv) Tougaard, v) Polynom+Shirley.

. Display: The form, size and colour of the curves as well as the fill colours of the fitted

component areas may be selected. Additionally, the feima,and colour of the coordinate axes

and all other lines are adjustable. The form, size and colour of the symbols of the parameter plot

may be defined, too.

. Printer: The layout of the printout can be equal to the monitor setting or defined sepdragely.

presetting of the printasffersfive options for the printing out of the spectra windows.

. Load/Define Transmission Function T(E) The transmission functioleRF (or alsoT(E)) can

be loaded and defined manuallfhe currently loaded(E)is display.

. Ped Fit: UNIFIT offers different mathematical backgrounds of the model function (product,

sum or convolution of Lorentzian and Gaussian functions) and fit paran{edéative or

absolute) XAS background parametemand the XPS background parameters of imbgeneous
samples(absolute or relative) to realise the peak and backgroundHé. calculation of the
spectral background can be selected between one background for afit pgakponents

(homogeneous sample) or separate defined background functioeacfoipeakit component

(inhomogeneous sample, the number of gagakomponents and background functions has to

be the same)Additionally, the user can choose from two different methods for the calculation

of the fitparameter errors.

. Export: The resoltion of the exported images may be changed in six levels up to 120thdpi.

table export (fit parameters, -flarameter errors, quantification results, and XAS background

parameters) may be modified indepentderdf the spectra windows settinghe decimh
character and delimitation can be defined.

. Import : Four options for the VAMASone option for the ScientaSES andismport optiondor

the SPECS Prodigy data fornaat available.

. Sources In a special menu the excitation satellitesféar defined sotces can be corrected and

saved.
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9. Batch Processing The option 'Batch Processing.oad Original Spectra’ can be activated or
deactivated. In case of a spike correction before the batch processing this option should b
deactivated (typical for RAMAN speclralhe number of iterations and cycles of the peak fit
usingt he batch processing ar e Mddifydgdialaguecidiopendtly p
for the changing of these values.

[ %P5 X5 AES RAMAM oty - UNIFITFOR VANDOWS 5 x
File Modify PeakFit BatchProcessing Quantification Information  Annctstion/Design  Cakibration Intensity Scale  Preferences  Windows  W: 1-3000 W 3001-6000 Wi 6001-0000  W: 9001-12000  W: 12001-15000  UNIFIT
~ o~ . s -t = = o oL ep G YA LELL WA 33 1T ) - — :
EEahims LR X AAEALAO AR CDALLLLEELEAE Y FIHIA WF T IEET B i e R
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Fig. 1. Presentation of the four supported spectroscopic methods (XAS, AES, RAMAN and
XPS) in four windows, project: Unifit_2026_User_Files\examples\Specials\XPS-XAS-
AES-RAMAN.ufp

The menu poinfile (see3.2) includes anextendedinput routine $¢ee3.2.1). This input routine
allows the direct reading of measurement data of different kinds (see book: Line Positions and Dat
FormatsUNIFIT 2026 saved on USBnemory caryl All procesing steps, the window sizes,
positions and design elements of all winddiwsiden or shown)the quantification table as well as
the film thickness estimation may be stored as one pr¢geet3.2.2 3.2.10and 3.2.1]). The
original measurement data are saved in a separate dirastogythe project namé&he optionally
saved backups of the projects can be opésee3.2.3. Additionally, templates of the processing
steps and design features can be generated, saved and reloade8.4dgkand 3.2.19. The
integrated test spectra and the waklbsen examplemnable the user to test the different functions of
the programme without measured dé@ae 3.2.5. Auger parametersan be easily plotted as
Wagner plot(see3.2.6. Images (all typical data formats: wmf, tif, jpg,...) can be loaded (e.g.
corresponding SEM images of a SAM measurement)3se@. A closing function for all windows
(see3.2.9 or all standard wmdows (see3.2.9 is available The presentation of the active window
(see3.2.13 all windows (se€3.2.19 or selected windows (se€22.15 can beexported as image
taking a commonly used format (jpg, bmp, gif, wmf, etr.}ransferred to the clipboard via the
copyl paste function(see 3.2.19. The resolution may be selected stepwise from the monitor
resolution t01200 dpi in six stepgsee3.10.]). The data achieved with the spectra analgéithe
active window (see3.2.17, of all standard windows (s€®2.1§ and before seléed standard
windows (see8.2.19 can be quickly transferred to the standard spreadsheet software (e.§, Excel
Origin®) with an export routine
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All important information is clearly shown on the direcinpouts of the active window, all
displayed windows or windows selected bef@eeB.2.20. The menu [Filéd Pr eset t i ng Pr i |
defines the individual setting of the printing out using five options.

The menus [File SelectSpectrq (see3.2.29 and[File - Select Blockk(see0) allow the individual
displaying of spectra from the loaded data filee format of programmmternal spectrum name

can be defined. The memwint [File - Original/Accept Preferences] allows undoing all processing
steps, the reloading of the original measurement data and the refreshinglisptagof the active
window (sedD). With [File - Exit] the programme cabe closed (se&2.27.

For the spectrd odification (see3.3) menuthere is an undo functidior one processing stepee

3.3.]), an programmeinternal copy (see 3.3.2 and programmaenternal insertion function (see

3.3.3 for theduplicationof a standard window with all processing steps and design featiuees
charge correatin of the active windowsge3.3.4), a correction with théERF (see3.3.5, several
procedures for the background calculatiamd subtraction before the peak f#eé 3.3.6, the
subtraction of the spectral backgrouseéd3.3.7), a satellite subtractioifsee3.3.8, reduction(see

3.3.9, expansion(see3.3.10, differentiation(see3.3.1)), integration(see3.3.1]), mirroring (see

3.3.13, smoothing(see3.3.19, anda manuabpike correctior{see3.3.15 as well as the possibility

for spectra manipulatioisee 3.3.16 and operation(see 3.3.17. Additionally, a normalization
routine with four different methods available(see3.3.19.

The Peak Fit (see3.4) is based on the ndimear least squares curfiting algorithm of Marquardt

and Levenberg. The programme allows choosing produwsh or convolution of Gaussian and
Lorentzian functions for the calculation of the model func{gae3.10.]). All peak parameters may

be varied independently, varied within a chosen interval or fixed at certain valuesovistore
parameters may be determined on absolute scales or they may be treated as relative parameters i.e.
related to the leading peak of a doublet oa tbefired master peakf a group of peak&ee3.10.)).
Different options ee available, enabling the user to hold constant e.g. energy distances, peak widths
or relative intensities of peaks during iteration. A very helpful option of theafiameter table is the
labelling of the components with the corresponding names ohtraical species (e.g. for the C 1s
components-C-C-, -CH2-, -CO-, -COOH ¢é) . The advantage of t his
transfer of the component annotations to the following processing steps (export, batch processing,
parameter plot, quantification tigh providing an easy way for a correct labelling of the chemical
components with both the region name and the name of the chemical componer€CK{24s
Cls-CO ¢é) . Addi t i eparanieterytgble ¢ah lee transférred to the clipboard thvéh

0 C olipPya sfunetidns or exported as image. Furthermore, it is possible to include the background
parameters in the fit routinélternatively, the background can be simulated by five different
methods (or combinations of them) and subtracted from the exgreghturve before initiating the

peak fit. Additionally, the error of the fit parameters can be calculated. Three separate sub
programmes permit the estimation of valebe@d edgegsee3.4.10and 3.4.1) or Fermi levels
(3.4.12. The curvefit results can be printed including fiarametersacquisition parameters, and
additional comments, or exported for further treatment and presentation.

The Batch-processing(see 3.5 submenu was implemented for fast analysisl presentationf
parametedependent series of spectra (e.g. depth profiles, angle dependent measurements
multipoint (area) measuremeptdAll options for spectra modification and the peak fit can be
included in batch processing. After the bapchcessing the fiparameteresultsmay be presented

with respect to given batch parametéfs,and Y-coordinates of the measuring poirttsg window
numbers or ora fixed parameter poiniThe fit parametergand fit-parametererrors of all fitted
spectra can be exported and printed dutharge correctiotfior all windows (see.5.1) or before
selected windows (se&5.2 and a reload of the original measurement data fofsa#3.5.3 or

specific selectedstandard windows(see 3.5.4 is available. Five different presentationdor
parametedependent mearemerg (see 3.5.14 3.5.15 and 3.5.1§ and five presentations for
multipoint measuremen(see3.5.17 3.5.18 3.5.19 3.5.20and3.5.2) are availableAn automatic
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spike correction for a large series of spectra is avail@ale3.5.5. With a parameteplot the fit
parameters, the backgroufrée areas, the minima or maxima of the spectra can be plsged (
3.5.8.

A Quantitative Analysis (see3.6) is possible fom survey or single spectra usilogizationcross
sections as given by Scofield, empirical sensitivity factors by WagnetPS and PHI for AE®r
defined individually by the user. The quantification table may be transferred to the clipboard via the
copy-pastefunction or exported as imag800 dpi) using a typical image format (jpg, wmf, gif, tif,
etc). A parameteiplot functionallows the presentatioof the peak areas or atom percentages with
respect to the window numbers, ssrigarameters or manually chosen valdds film thickness

can be estimated by two different meth¢skse3.6.2and3.6.3.

The Information/Editing (see3.7) givesinformationaboutthe settings of the active windosee
3.7.7), the acquisition parametefsee 3.7.9 or the processingtepsof the activated standard
window may be displayed anyme (see3.7.3. The charge correctiofsee3.7.4, the quantities of

the peak fit(see3.7.5 and the correction of the magnetic fidkke3.7.8 (important for XMCD
measurements) can be displayed of maximal 100 windows. The minimum and maximum of the
intensity(see3.7.6 of the activated standard window can be sholite FWHM (see3.7.7) of the
spectrum, the modified spectrum or the péakomponents can be displayed of the active window.
The information about the path of the loaded measure(eeeB.7.9 and the project commergde
3.7.1Q is available ldentification and labelling of th€PS and AES$eaks may be realized with the
integrated data bas# photoelectron linesThe acquisition parametéspectrum name, comment,
batch paameter, pass energy, analyser mode, lens mode, x position, y pakitedhtime, start and
end energy, and number of accumulatjomay be edited in a special stdutine for all opened
standard windows$see3.7.1). Additionally, the batch parameters (polar angle, sputter time ...) can
be changed and sorted after a generation of a 3DAnaddditional data base of Auger parameters
(see3.7.19 can be presenteals chemical state plot (Wagner plot). The data banks integrated in
UNIFIT (sensitivity factorgsee3.7.16, XPS and AESine positiongsee3.7.13, Auger parameters
(see3.7.15, doublet datgsee3.7.17) and AES target atom subshel{see3.7.29 can be shown,
edited and extended directly with special gubgrammes. The calculatednelasticelectroncross
secion (see3.7.18 can be plottedA special tool for the daulation of AES sensitivity factorsee
3.7.2) is available.Additionally, the main memorysee 3.7.2Q usable and currently used by
UNIFIT can be displayed.

The subroutinéAnnotation/Design (see3.8) gives the user the manuadntrol over the scaling and
labelling of the energwave numbe(see3.8.12, intensity(see3.8.13, parameter axigsee3.8.19

as well as the x and y recording positidie design setting, the spectrum title and thepete
labelling of the activevindow, selected or alvindows can be store@nd reloaded(*.dsg) (see
3.8.1 3.8.2 3.8.3and 3.8.4. Grid lines can be plotted optionallfdditionally, the spectrum may

be entitled and labelledith formatted or unformatted texsee3.8.5 3.8.6 3.8.7and3.8.8. The
number of decimal placas the values on all axes (enefiggve numberintensity parameter axis
X-axis and Yaxis) can be fixedA zero linecan be displayed optionall¥zor all window typesa
legend(see3.8.9 for specifying the plotted curves can be sholwportant remarks, commerdsd

a title may be inserted into the pldthe design settings of the active window may be shown and
modified for the active winolw, selected or all windows (s8e8.10and3.8.11). The displaying of

the intensityenergy wall, intensitparameter wall or energyarameter wall in the 3D waterfall 45°
Plot, 3D waterfall-45° Plot, XY 3D Plot 45°, XY 3D Plot-45°, XY 3D 45° ColourProfile and XY

3D -45° ColourProfile is optionally.A pasteand exporfunction allows the transfesf modified
datafrom other safwvare (e.g. Origin, Excektc) via the clipboardThe subroutines of annotation
and design can be activated using the pull down menu or by pressing the right mouse button at tf
appropriate mouse positioRifteen marker linegsee3.8.14 can be displayed using different forms.
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The menuCalibrate Intensity Scale(see3.9) allows the determination of the transmission function
of the spetrometer in two different ways. The calculated functions can be shown, saved and used
for quantification.
TheWindows (see3.10.29 handling gives the following options:
1 three different tile arrangements of the windo(gse 3.11.1 3.11.2 and 3.11.3 the
automatiaesizingof the windove can be deactivated optionally),
1 direct selection and activation of the windows, particulgigvious ornext ones

(see 3.11.6and3.11.7,
hide standard windowsee3.11.9,
hide standard windows (manu&bee3.11.9,
changingmanuallythe window size and positiosee3.11.10,
changing of the windows numbgee3.11.1)
four closing functionsdr windows and standard windows
(see3.11.133.11.143.11.15and3.11.16,
show windows video sequen(see3.11.12
two resizeoptions (activated or deactivated) for all windowsmoage windows only
The windows sizes and positions are saved in the UNIFIT projects.
The menu poinUNIFIT (see3.17) gives information of the version numbémrg revision codethe
name and address of the owié the licencethe used Windows versi@s well as the contact data
of the developer of the UNIFISoftware.
Opened @logues while using Unifit are closed in two cases

a) Automatic closing without an information message by changing the active window

a) optional closing vith an information message in case of saving a Unifit project,

export of data, export of images and printing out operations.

E ]

= =
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2 Theoretical Base

2.1 Background Modelling and Treatment

The shape of the spectrum backgroundbaselinas affected by inelastic energy loss processes,
secondary electrons and nearby peaks. A reasonable approximation is essential for a qualitative a
quantitative analysis of XPS data espdgidl several components interfere in one spectrum. The
subtraction of the baselifeefore entering the fit iterations or the calculation of the peak area can be
an acceptable approximation for simple analytical probleimsorder to obtain chemical and
physical parameters in detail, however, it is absolutely necessary to include the background functio
in the iterative peak fpprocedure.

The primary functionF(E) results fromthe experimentally obtained functioWl(E) and the
background functioB(E) as

F(E)=M(E)- B(E). D

The energye (XPS: kinetic energy, XAS: photon energjf)the spectra can be described as
E=SE+SWQ{i - 1). 2

SErepresentshe start energy in e\§Wis the step width in eV anidthe channehumber ranging
from 1 toN with N beenthe number of data points.

If the baselines calculaed before initiating the fit proceduy¢he background is set to the averaged
experimental functioM(E) in a sector around the chosen start and end channels.iVéhleft
channel E;: low energy side) ang as right channel&;: high energy side) the simulation of the
baseline is btained as

B(E,) = M(E)) (3

and

B(E,) = I\W(Ez) . (4)

If NAP is the preset numbeaf pointsused for averaginghe intesity of the averaged measuring
function at the low energy side is calculateth

A MG, +i)
M(i,) = ':OW (5)

and at the high energy sidath

A MG, +)
M) :i:OW (6)
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2.1.1 XPS/AES/RAMAN

2.1.1.1Constant Background

The simplest possibility for background correctien the subtraction of a constant from the
measured spectrum:

B.(E)=c, (7)

with
c=M(E,). (8)

2.1.1.2Linear Background

The linear backgroundhay be applied for spectra with small intensity differences between the low
and highenergy side of the peak, e.g. for pealerived from surface species, which are hardly
affected by inelastic losses. It is calculabgth

B (B)=a(E, - B)+c 9
wherea results from the following equation

1= M(E)- M(E,)
Ez'El

(10

2.1.1.3Polynomial Background

An additional model for the backgroumdnsists of a third order polynomiBb. The polynomial
function allows the description of the contribution of secondary electrons at low kinetic energies.

B.(E) = ai+bii, - i) +ci(i, - i)* +di(i, - i)°. (12)

2.1.1.4 Shirley Background

In many cases the Shirleyodel [1] turned out to be a successful approximation for the inelastic
background of core level peakslairied species, which suffered significantly from inelastic losses

of the emitted photoelectrons. The calculation of the baseline is an iterative procedure. The number
of iteration cycles should be chosen high enough so that the shape of the obtainedubdckg
function does not change anymore. The analytical expression for the Shirley background is

B.(E) = f‘jF(E')dE’+c. (12)

The algorithm of Proctor and Sherwoo?] ppplied in the programe UNIFIT is bagd on the
assumption that for every point of the spectrum the background intensity generated by a
photoelectron line is proportional to the number of all photoelectrons with higher kinetic energy.
The intensity of the backgrourgi(i) in channel is givenby

.\ _ (a- b)Q(i)
Bs(i) —m*‘b, (13)
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wherea and b are the measured intensities in channedndi,, respectively, andP(i) and Q(i)
represent the effective peak areas to lower and higher kinetic energies relative to the channel und
consideration. An iterative procedure is necessary becBusmd Q are unknown. In first
approximatiorBg(i) = b is used.

2.1.1.5Tougaard Background

The Tougaardbackground model3 4] has originally been developed as an alternative to the
Shirley background for transition metals and is therefore especially suited for asymmetrical signals
like metal 4f lines. Recording a larger energy window towards lower kinetic energies or larger
enery losses is recommended if this background model is intended to be applied.

The calculation is a neiterative procedure. It integrates the experimental function while weighting

it with a universal energy loss functitt{E) and the melastic mean free pati theelectrong. The
backgroundy(E) for homogeneous samplessults from

B, (E) :/ij(E'- E)M’(E')dE. (14)

andM'(E) = M(E) - ¢ (seeeqn. @). With the energyoss T =Ej- E we get theTwo-parameter
inelastic electron scattering cross section

BT

/I(E)XAK(ET)=—— - 1
EYKED =5 (15)
or theThreeparametemelastic electron scattering cross section
/ (E)AK(E,T) = BT (16)

(C-T??+DT*

In order to use both loss functio§, 6] with UNIFIT the Five-parameterinelastic electron
scattering cross sectiomith the additional paramete® éand the gajnergy parameter, for a

better simulation of the Igsstructure of insulators waseatedWith C 6= 1 orC &= -1 andTy =0

theinelastic electron scattering cressctiongecommended by Tougaard canviriiten as

B(T-T,)

I(E)X(ET)=Q(T - Ty) (C+C(T-T,))7 +D(T-T,)°

(17)

with #T=To®@ G oand T#T,=0.ltlis absomed th&(E) = M (E) for a loss energy

of approximagly 100 eV. The values foB, C, C§ D and Ty in the universal loss function are
empirically estimated by Tougaard to be 2866 fe¥$43 (eV¥, +1, 0and OeV respectivelyB, C,

C 0D and T, can be defined manuallyhe parameter€, C oD andT, can be adjusted manuatg

well as fittedusing the fittable background

The Tougaarédackground method gives also the possibility to subtract the background from survey
spectra. We recommend the using of the Tougaard background in case of lines with an intrinsic
asymmetry (e.g. 4etal lines).

2.1.1.6Polynomial + Shirley Background

The superposition of the polynomial backgrousd (see eqn. 1)) and the Shirley background
B<(E) generates the backgrouBgs

Bus(E) = B, +eiBs(E). (18)
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The parametea @ fixed at the minimum of the experimental functiddm(M(E)) while b &c ,&d 6
ande 6an be varied manually by thser.

2.1.1.7Fittable Background XPSAES/RAMAN

2.1.1.7.1 Homogeneous Samples

A rather general approach for the characterization of the backgimurmte level photoelectron
spectra takes into account all previously described contributions, weighted by the background shape
parameters froma, b, ¢, d, e, B, C, C'D and Ty (with Bg(E) = Shirley background and
Bru(E,B,C,C',0Ty) = Tougaard backgrourfdr homogeneous sampjes

B, (E,i, ) = B.(i,ab,c,d) + By(E,e) + B, (E,B,C,Ci,D,T,). (19)

The parametersa, b, c, ddefines the polynomial background arelthe Shirley contribution. The
parameterB, C, , B and Ty (17) define the inelastic electron scattering crssstion (loss
function) of the Tougaard backgrourithe Tougaard backgrourigry in egn. (19) and definedn
eqn. (14) is calculated using a differeM (E) = M(E) - Bs(i,a,b,c,d).All parameters can be fitted
parallel to the peak fitAn iterative calculation of the backgroumdthe fit procedure by including
its parametersor at least a padf them,is recommended especially for fitting photoelectron lines
with a strong Lorentzian contribution.

Tab. 3. Parameters of loss function (equation (17)) by Tougaard [3] and estimated by Hesse

Tougaard

Material Class B/(eV)’ Cl(eV)’ Co D/(eV) ToleV
Metal and Metal Oxides | 2866 1643 +1 0 0
Polymers 434 551 -1 436 0
Silicon Oxides 325 542 -1 275 0
Silicon 132 325 -1 96 0
Germanium 73 260 -1 62 0
Aluminium 16.5 230 -1 4.5 0
Hesse

Silicon OxideSiO, 448 376 -1.25 687 7.2
Aluminium OxideAl O 626 532 -1.67 1018 6.9

2.1.1.7.2 Inhomogeneous Samples

An advanced Tougaard background method for XPS measuremelaterafly inhomogeneous
samplegequireq 7] a separate background calculation for each {lik@bmponentSG. In that case

M (E') in eqn. (L4) is substituted by the pedit componentsSC Thenumberand the sequenasf
peakfit components and Tougaabdckground functions kato be the same. The generation of the
advanced Tougaard background is asteps series calculation.

The Tougaard backgrouri}, for inhomogeneous samples wkhifferent chemical compounds or
elementsK different peakfit componentspf thesample can bdefined ly

B, (E,B,C,C',D,T,) =/(E)é_ ,jKj (ET)M, (E)dE. (20)

with thepartial spectrd (E) = M;(E) - Bs(i,a,b,c,d).
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M*(E):'aliM}(E). (21)

By using of equationl) we can also write:
C X
B, (E. Per) =Q By - (22)
j=1

The number of elements of the parameter veﬁgn’s 5k Because we have nofammation about
the partial spectra/l*j(E) a substitution of the measured spectrum by the fit compd®gnin

equation {4) is necessatry.
By (E,B;,C,.C, ,Dj,TOJ.):/(E)'ijj(E,T)SQ(E')dE'. (23)

b ] )

Because the fit coppnens SG in equation 23) can generate one loss structure only, a series
calculation of the advanced Tougaard background is required. With the recursion formula for the
componenj and the recursion stepswe @an write:

B]*Hj(l)(E,Bj,Cj,C'j,DJ.,TOJ.):/(E)ijj(E,T)SCJ(E')dE, m=1 (29
and
Bhy(m (E.B,,C,.C",D,,T)) =/ (B)AK, (ETISG (E) + By yJdE, m22. (25

At m =10a well convergence is achievdebr one componenj € 1) or ahomogeneous sample we
can write

BTH(E! B,C,C',D,TO) @141(10)(E! B,C,C',D,TO). (26)
For inhomogeneous samplie Tougaard backgroundr homogeneous samplBsy is replaced by

the Tougaard backgrounfbr inhomogeneous sampl&s;, and gives the universal background for
inhomogeneous samplBs

B, (E.i, By) = B.(i,a,b,c,d) + By(E,€) + B (E, Pr). (27)

with the backgroungbarameter vecto;\)'B and the parameters of the Toagabackgrounq\)’BT. The
e parameter should be settled to zero.

212 XAS

2.1.2.1 Constant Background

The simplest possibility for background correctien the subtraction of a constant from the
measured spectrum:

B.(E)=c, (28)

with
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c=M(E). (29

2.1.2.2 Linear Background

The linear backgroundhay be applied for spectra with small intensity differences between the low
and highenergy side of the peak, e.g. for peaks derived from surfaceespevhich are hardly
affected by inelastic losses. It is calculated with

B ()=a(i-i)+c (30)
wherea results from the following equation
a= M ('2) B .M (Il) (31)
PR

2.1.2.3 Shirley Background

Although the Shirley model cannot describe the spectral background of XA spectra optimally, this
simpde approach is also offered for XA spectra. However, the calculation of the integral occurs in
the direction of lower photon energy. Thealtic formula for the Shirley background for XA
spectra is

1

B(E) = fj F(E')dE+c. (32)

2.1.2.4 Tougaard-Background

The spectral background of XA spectaae not optimally described by the Tougaard model

However, this background has a similar shape as tlwaltsd Giant function. That's why this model
function also is usable with XA spectra. Asr the Shirley background the calculation of the
integral must alsde calculatel in the direction of lower photoenergy. The measuring function is
weighted with a universal loss functi&n(T) and the inelastic mean free path of the electBf(&)

IS given by

B.(E) =/ fj K(E- E)M’(E)dE. 33)

with M"(E) = M(E) - c (see eqn. (29)).
2.1.2.5 Polynomial + Shirley Background

Bs(E) is the Shirley background and ,6c ,6d @Gnd e @re manudy adjustable parameter§he
calculation for XA spectra is as follows wiB¥E) as Shirley background

B (E) =ai+bi(i - iy) +ci(i - i,)* +di(i - i,)’ +eiBs(E) (34)

The parameteaid the yalueM(iy).
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2.1.2.6 Fittable Background XAS

Thefittable backgroundor XAS strongly differs from thdackground modelor XP spectra. The
backgroundcombinesa 3rd ordempolynomialwith the Shirley background awith a special step
backgroundB™ (E) consisting of a sum of the error function and the fsigyentfunction. The
model suggested yutka, Stohet al. [8] was improved and inserted in the software UNIFIT.

2.1.2.6.1 Step Background

The error functionis the antiderivative of the Gaussian function. The Arc tangent funistithre
antiderivative of the Lorentzian functiohhe analytical form of the error function is given by

erf(E) :%p r’:]Ee"Zdz‘. (35)

In the programme NIFIT the following approximations are used. WitEe,lelzé—C.I;OS and tre
. S

step positionEgs, the FWHM of the step2 & and the normalization factdt.2 @/In4 we can
calculateerf(E) for smallEe; with the series expansion:

é Eegrf E:rf E(er ~
erf(E) =Tp%e 0 428 ,00Eq <1 (36)

¢

For large values dEs the continuous fraction seriesgansion is used:

_E;
erf () =1- € . Eer OL. 37)

N7 P
pé%erf+25m+l;mf3 0

For negative values & we use

erf(E) =-erf(- E), Eer<O. (39)

The Arc tangent function will be calculated with

Arctan€) = Arctarg%g (39

The error functiorerf(E) and the Arc tangent functioirctan€) (Fig. 2) are combined by a sum.
With Mys= 0 a pure error function is generated angs = 1 results in a Arc tangent function. With
the additional summariay/2 only positive function values are receivégdis the step height.

Bii(E) :%+h3§%(l- M) Grf (E) + M, (%Arctan(E)g (40)

The calculation of the XAS background can be made using two different ways:
1 Step nmber = 0:Polynomal plus Shirley background
1 Step number > ®Polynomal plus step background.
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2.1.2.6.2 Step Number=20

The background is calculated by a sum of a polynomial function and the Shirley background. The
parameters, b, ¢, d and e may be optimized parallel with the peak fit or fixed at a certain value.
The equation

B(E) =a+b(i - iy) +c(i - i,)? +d(i - i,)° +eB(E) (41)

describes the backgroun8d- Shirleybackground)
2.1.2.6.3 Step Number> 0

The step backgrountb describe the spectral background of XA spectra isgdmeeraly used
method. The software UNIFIT the maximal number of stephl can be chsen freely. The
maximum ofSNis ten (doublets: twenty). The resulting step background is tineo$wall defined
step functions:

N C
Bii(i) = & B, Ps) (42)

]

The parameter vectq?lfSj includes four parameters fdefining each step functign step heightg;,

mixing of error and Arc tangent functidvlys; step positiorEqsj and the FWHM of the step2 3;
The polynomial background is added to the step function in the following wayisithe channel
number ofthe step functionj at thephoton energyEpsj+ 2 A;@hen we can define the following
equations for the calculation of the ®&ackground

Biii(i):a+5NBji(i,rij) , 1<y 43
Bi() =a+ & Bjfl, )+~ 1) +ol- i, +d(-1,)° 1 40 | (a4

The number obackgroundit parameters isvelvein case of two step$ig.2).

2.2 Subtraction of Satellites

A subtraction of satellitesaused by nemonochromatic Xay excitation is possible after a first
approximation of the background if the main signal that is responsible for the satellites is part of the
spectrum under investigation. The intensity in the spectrumupeatiby the & satellitesof the

excitation source is obtained assuming energy differences and intensities as giverdirj%ble

For a correct satelliteorrection,it is necessary that the main signal causing the satellites is shown

in the measured spectra. The values for the satellite subtraction of th&lMgel and Hell

excitatiors (relative intensity, energetic position) are saved in ghesettingfiles & .seb . These
values can be easily edited by the user instiied i al ogue 6éDefinition Excit
di al ogue OPreferencesdé6. The satellites of four
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Fig. 2. Comparison of error and Arc tangent step functions for two steps (height: 1000 counts,
positions: 1293 and 1300 eV, Mys = O for error function and Mys = 1 for Arc tangent
function, FWHM = 1.5 eV)

Tab. 4. Intensity ratio and energy differences of Mg K U u nikdU A(I316.#&)

Setl a,, la, |as as ae b
Mg excitation(1253.6 eV:

Energy (eV) relto main line 0 8.4 |10.2 |175 |[20.0 (485
Relative Intensity 100 |8.0 |4.1 0.55 1045 |05
Al excitation(1486.6 eV:

Energy (eV) relto main line 0 98 |11.8 |[20.1 (234 |69.7
Relative Intensity 100 |6.4 |3.2 0.4 0.3 0.55

2.3 Differentiation

The possibility for differentiatingspectra following a procedeirof Proctor and Sherwood (]
represents an efficient tool for spectrum processing. This procedure allows to include the start an
end channel of the spectrum and to select the width of the interval independently (optimal:
0.7:FWHM; number of average point$AP = half width of interval). The determination of peak
energies and the choice of fit procedure start parameters are facilitated for spectra consisting ¢
complex oerlapping lines by using the even derivatives of the spetiia ith m as the half

width of the intervall is calculated by

L= m(4nT - 1)(2m+3)(m+1)

3 mit - m<j<-m. (45)

The derivativadlM(E)/d(E)results as
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dM(j +i) _ 5" (1037 - m(m+1))j +(2m- D@m+JYM(i +1)

a4 L 49

2.4 Smoothing

The procedure of Pavlath and Millardl] allows to include the start and end channel of the
spectrum and to select the width of the interval indepetiyd (optimal: 0.7FWHM, number of
average pointNAP = half width of interval). Withm as the half width of the interval, is
calculated by

| _mnt - HEem+3(m+1)
3

mit m<j<-m. (47)

The smoothedmectrumM*(E) results as

M (j +i) = ‘.é.’“((S(St2 - m(m+1))j? +(2m- 1)(2mL-|-3)tj)+m(m+1)(3m(m+1)- 1- 5t) M(j+). (48

t=-m

2.5 Modelling the Peak Shape

Comparingthe experimental spectra with a theoretical model curve requires the analysis of core
level contributions of severapecies as well as a background or baseline cEnergy distribution

curves in photoelectroand X-ray absorptiorspectroscopy may be theoretically characterized by
spectral functions, which take into account all the possible excitation processessemtple. In

most cases these spectral functions may be described by a set of peaks, e.g. main line and satellites,
multiplets, doublets or even single lines. The peak shapes are typically given by a Lorentzian
contribution due to the limited lifetime dié core hole state and a Gaussian broadening mostly due

to the measurement accuracy of the analyser. Gaussian contributions may also be related to thermal
broadening. Chemical, structural, and electronic inhomogeneities in the surrounding of the emitting
atom often contribute to Gaussian broadening, too.

Both the heighthormalized Lorentzian function(E) (Fig. 3)

L(E) _1.91+§E7b'5)

E (49)
r 7

coQ

and the Gaussian functi@(E) (Fig. 3)

,

. 2 A

G(E) :exp In2( E)d (50
i b? y

are completely characterized by the peak parambjears. half of the full width at half maximum

(FWHM), andE,, the peak position.

2.5.1 Product and Sum Function

A frequently used approach to describe XPS core level 6né6AS line has been the product or
sum of Gausian and Lorentzian functions of the same widi, [13]. In order to include
asymmetrical ling, the peak width paramefemay be substituted b f+ UE - Ey)] [14].

Product
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N & E-E zP £ & E-E, o&f
f(E)_hc§1+Mv%b+a(E E)ﬂ; @xp.r (1- M )cmzcgm . E)Hi;' (51)
Sum
f(E)=hoM, 51 S raE ) ﬁ hL- M) e - IHZCé (EE"E)‘SE (52)
uy [ uy

BesidesE, and b, the peak heighh, the asymmetry parametél and the LorentziaGaussian
mixing ratioMy have to be specified in this product or sum function.

The advantages of applying this product or sum peak shape model are theligwailamnalytical
expressions for the partial derivativesf(®) with respect to the parameters, the correspondence of
experimentaFWHM values and the analytical value df, 2and finally a faster convergence of the
iterative process as observed fredlyen

2.5.2 Convolution

A more adequate description of thleotoelectron or X-ray absorption spectiae shape may be
obtained by convolutin@aussian and Loren&n (or DoniackSunjic (DS) type (54)) contributions
rather than by simply multiplying theml%]. This convolution, the soalled Voigt profile is
defined as follows:

o

f(E) = f(L*G) = fL(E')G(E - E")dE . (53)

-o

Application of this peak shape model is highly recommended if the resolution is sufficient to derive
physically meaningful peak shape parameters, e.g. different characteeak widths of Gaussian

and Lorentzian. This profile function and the corresponding derivatives with respect to the
parameters have to be evaluated numerically, which makes the minimization process a bit mor
time-consuming.

Due to a more complex photaaitation process most metal signals exhibit inherently asymmetric
peak shapes, which may be taken into account by substituting the Lorentzian by the {Sonjach

(DS) peak shape. It may describe the-lwergy tail of the peak and is determined by thieier of

the secalled asymmetry parametdrDS(E)is given here as

e o)l
"cosllpz+(l- a)arctag(i)
DSE)=h0O — : (59
[(E- E))2+b%] 2

Notice that the DoniacBunjic peak shape converges into a Lorentzian in the linat\ofO0.
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2.5.3 ValenceBand Edge Calculation

2.5.3.1Convolution of Square Root and Gaussian Functions

The density of states of electrons of tfadence bandlose to the edge is approximated by a square
root function. In the programenUNIFIT for modelling tlese edges the convolution of the square
root W(E)and Gaussian functior{S0) is used. With

W(E) =VE (59
one gets equatiorm§) of the model function as the following
f(E)=fW*G) = fW(E')G(E- E')dE. (56)
| ! !
S::E ................... Gaussian
_ : Lorentzian

-10 | -5 | 0 | 5 | 10
Energy [eV]

Fig. 3.  Comparison of Gaussian and Lorentzian function (FWHM = 1 eV)

2.5.3.2Convolution of Linear and Gaussian Functions

The density of states of electrons of treence band close to the edge is also approximated by
linear function The programtmme UNIFIT offers the convolution of the linear functidn/(E) and
Gaussian functioadditionally for modelling these edgéVith

L, (E)=mE+n (57)

we get equations@) of the model function as the following
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f(E)=f(L,*G)= H_V(E')G(E- E')dE . (58)

2.5.4 Fermi Edge Calculation

The Fermi edgean be aproached by a Theta functidth €). The programmeJNIFIT usesthe
convolution of the Theta and Gaussian functifmnsnodelling this edgeVith

QE) =i E55

59
i0: E2E, 9

oneget equation §0) of the model function as the following
f(E) = f(Q*G) = fAE)G(E- E')dE. (60)

2.5.5 Chi-square

The results of the leasjuare method used for minimizationddf are reliable if the differences
between the experimental spectrui(i) and the calculated spectrum are independent and
distributed homogeneousliyn that casenly statistical measuring erramsmain

The sum curvés givenfor homogeneous samplbg

SG. B =& SG ) +B(). 61
and for inhomogeneous samplss
S(i,8:a[sq(i,ﬁ)+sj(i,p%)]+sp, (62)

with the functions of the componeng&G(i), the background functiom(i) and the number of
component functionk. Describing the averaged error of the experimental klididaby the square
root of M(i), the sum of square errogé results in

2§ -4 (S(, bz/l—(igﬂ(i))

: (63

with p'the parameter vector amithe number of channels. In order to obtain the weightedafum

square errors which is minimized in UNIFIE is divided by the total number of degrees of
freedom, i.e. by the difference between the number of channels and the total number of fi
parameter§. The reduced Cksquares® canthen be obtained as

ChT ©9

The expected value af is about 1.



36 Theoretical Base

2.5.6 AbbeCriterion

Already small systematic deviations betwdbe experirental data and thenodel can result in
strong inaccuracies for the fit parameters. Riecriterionis a mean to estimate the extent of
systematic errordf the deviation of the sum curve from the spectunder treatment is

R(@)=S(i, - M), (65)

the Abbecriterion is given by

4 (R(i+D- R()’
Abbe= L . (66)

4 (R(i)’

i=1

The value of theAbbe criterion indicates the existence of correlated residuals and theidfore
systematic deviations between experiment and model function. A valu® pfnpoints
systematically correlated deviations; a value of 1 indicates statistical deviations and a vaisie of 2
obtained in case of systematically ardrrelated deviations.

The expected value @bbeis 1.

2.5.7 Residual Function

The residubBR expresses the deviation between sum curve and experimental data. In the megram
a normalized residual is used:

S, p)- M)
R(I)_—\/M—(i) :

The nomalizationwith the square root of intensity was introduced in order to obtain the same
weight of errors for the complete spectrum.

(67)

2.5.8 Non-linear Optimization using the Marquardt Algorithm

The criterion of an optimal description of spracwith a parameterized model function is the finding
of the minimum ofé® (63) or 6 (64) using a defined set of parametess.and ¢ are squee
functions of the residuaR(i) (67) to the channelsof the measurement spectrivii).

The model function (or sum curved(i, pj is calculated using a parameter vecfdrwith the P

parameters. Tdacomponents of the model function are described by five parameters:

Product andsum: peak height, LorentzianGaussian mixing ratidly, energyky, full width half
maximumFWHM = 2-b, asymmetryJ;

Convolution: peak heighh, full width half maximum of the Gaussian peal-FWHM, energyEy,

full width half maximum of the Lorentzian pealP-FWHM, asymmetryJ

The approaching o c o mponent s Q opinsizing pasameiters. ASithof the background
(19) parallel to the fit of the component parameters increases the number of the optimizing
parameters by sixPY P+6. In case of linear parameters (e.g. péaight or background
parameters)s® is a square function of the parameters. Themay be minimized in one step.
Otherwise a Gaussiaewton iteration process is necessary to find the minimueh .of

Based on a stapiarameter vectop a vector of residals @b is determined. This means that a step

width and a step direction for the parameter optimizing are calculated by minimizisig Tie
gradient of & with respect to the parameter vectdris given by
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2 C
e =23R (69)
up

with the Jacobi matriyd (i x j elements)

[
J(, ] “R( ) (69)
(i)’
the normalized residudR(i) (67) of the channel (i=1¢é N), and the model paramesep())
G=1¢é P).
A Taylor expansion of the model function to the first order at the starting point of the iteration step
gives the followingequation for estimatin of ab(j)

JI@p=-3"R. (70)

This linear system of equahs may be calculated directly by approprlate methods. The new
improved set of parameters to describe the model function is giver

In case the starting point is inside the convergence range @f mmlmum then the Gaussian
Newton algorithm conwges quadratic to the searched minimum. Otherwise or in case of numerical
problems (a negative definite mattikJ) the finding of a global minimum isncertain

A global convergence may be obtained by using a modified Gaussiaton algorithm, the so
caled Marquardi_evenbergalgorithm [L6]. This algorithm has been chosen to minimige
because it is well documented and is known to be very successful evesutmpimal guess for

the initial peak parameter set. The following equation is used

(AT +DAT D =-I'R (72)

with the diagonal matri©(J'J). J'J are the diagonal terms of the matthand & is the Marquardt
parameter.

The idea of the introduction of the parameter is the different weighting lbbth the Gaussian
Newton algorithm and gradient mettsod very smallk favours the GaussiatNewton algorithm. In
contrastalargek gives a solution closky the gradient method.

If an iteration step is not successful thlenis increased by 10. With the same starting parameters
and the lager & a new solutiongd is searchedf after a limited numheof steps a decrease af is

found thenk is decreased and the iteration is continued up to the convergence. A decreasing step ¢
k by 0.4 is proved and tested in praxis.

2.5.9 Fit-Parameter Errors

The following definition L7, 18] is used in order to calculate the-fiarameter errarqpk: In the
limit of the approximation that’*(py) has a parabolic form around the minimutre unertainy of
oneparameteshallincreases? by 1. That is, if one parametpgci s changed pgndan
all other parameterng  are optimized for minimuns® then the new value of® will be greater than
the old valueby one:

c* (P +Dp) = c*(p) +1 (72)

with the condition

c? @ (73)
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The c¢al c ydfa independend garameters is shown in the following lines. We expand the
left side of 2) to the second order in a Taylor series expansion.

1p2c?
[pk +§ Lp 2

R k

(D) (74

Po

2
04m+nw=0%mﬁﬁi

In the minimum of&? the first derivative equals zero. The right side7a @nd tte right side of 72)
give
2 .2

_ lucc
Cz(pk)+1_ Cz(pk)+§ Iiplf

(95 (75
andonefindsf o px @

(76)

In theregularcase of the calculatioof fit parameters the parametgisare not independent and so
2 .2

u’ec

the valuesmo—2 are calculated with the matrkx.

k

2 12,2 2 .2 2 .2 N
falet awet e’ g
e Hp, HP; M, MP, MR O
39}.1202 LJ.ZCZ UZCZ 0
aHp MR HP2Pe
$IJ202 u2(:2 ll202 0
RTINS : 2

In the programme UNIFIT we use two methods fordtcalculation of the fiparameter errorgpx.

2.5.9.1Inverse of the Matrix H
The cal cyylissmade@anan mersiop of the matix77).

B=H" (79)

The fitparameter errgr qpx are thesquare rooof twice the values of the diagonal terimg of
matrix B.

Dp, = /2 (79)
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2.5.9.2lterative Calculation

The idea of the iterative calculatiari Jpk is to increase}k stepwise to form a new parameter
P=pk + Ok The first values aréhe fitparameter errors of independent paramefgxs These
values are given by the diagonal tefmgsof the matrixH (77).

_[2
=2

During the new iteration téind c’,,, p« is fixed and all other parametersymre free. When a new

2
new

< ¢?+1 then a newpy is calculated using an increased
Doy, and a new iteration is startdd.the conditionc?,, 2 ¢ +1 true, then the first fiparameter
error [y is found.

Since the functions’ is not always exactly symmetric, the behaviourf, is also tested for
negative values anfpy, calculated. The parametépy is thelarger one of bottpy; and Spko.

This procedure is made for all free paramefgrso estimate the errofpk. The parameter is
calculated in regards to tinen/max-values as follows:

Case Lif B - Bemin € Pemex - Pc and Do 2 Py rox - P then DO, = B e = Py
Case 2If Py - pk,m'n > pkrrax - P and mk 2 P - pk,m'n then [pk =P - pk,m'n :

Step 1: Calculation ofé® and the fitparameter errors of independent parameters of the pardmeter
setn = 1:

A2 c? -1
mein = 2
h V Cé%llipf :

Step 2: Setpx=pk + Dok, parametek is fixed and all other free parameters are optimized to find a
new c?

Step 3: ¢Z,<c®’+l:n=n+1gotostep2oc;,2 c*+1, Dp, =nDp,
Step 4: Repeat the procedure with, = p, - Dp, and find the valué®.
Step 5: Dp, =Dp,,,

Step 8 If Dp,, > Dp, then Dp, =Dp,,

Step 7: Repeat the procedure with all other free fit parameggers

is found, it is compared t@&’. If c2

new

C

QDO

2.5.10 Calculation of PeakAreas Uncertainties

In the prograrme UNIFIT the areag\(p) of the componentisare not fit parameters. Therefore the

errorsof the areas of the components cannot be estimated directly from the calculation of the fit
parameter errors. In this case wéuakate the errors of the areas with the following formula

DA () = A (5+ D5 - A (P (81)

If the backgroundB(b’B) was fitted together with the fit parameters, the error of the background
DB([\);) is given by

DB(pP.) = B(P; - D) - B(Ps) (82
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with b’u = fit parameters of background functiant¢ B in (19)).

N
If the area of the spectrumd, = SW(E [M - B(i)], then the error of the area of the total

i=1

spectrumDA is
DA, = swc"_ah'l {M@)- [B()- DBM)]- [M(i)- B()] = swc"_aN DB(i) (83

with i = measurement channd&l= number of measurement points &\is the step width in eV.
The error of the component arm\f(b) is increased with the error of the baakgnd according to

the part of its component relative to the total area of the spectrum.

DAG—DA+AJC"ID
DA A (84)

For calculation of the error of relative ardEAS,j (b) from component j we use

DAC, = epa, + L oS, (85)
V) Aé A ]

]

A detailed description of the fgarameter error calculation was publish&d [

2.5.11 Calculation of FWHM Uncertainties

At the peakfit procedure using the convolution of Gaussian and Lorentzian functions
FWHM( p) of the componentsare not fit parameters. Therefore tiecertaintiesf the FWHM of

the components cannot be estimatedally from the calculation of the fiarameter errors. In this
case we calculate the errors of FWHM with the following formula

DFWHM (Pj = FWHM(p+Dpj - FWHM (P} (86)

2.6 Determination of the TransmissionFunction

The exact knowledge a@he transmission functioof the spectrometesr the different spectrometer
setup may drastically improve the quantification of the measured d#&a2p, 21]. For the
calculation of the transmissiofunction measured data of Au, Ag, Cu and Ge are used for
calibration. The model of the transmission function is given by:

T(E) =g, +ae+a,e’ +a,e’ +a,6' +hE> (87)

with E as the kinetic energgnd

oo (E-E)

88
E, (88)

The fitting parameteay, a1, ay, as, as, b1, b, andEy (If Ey is zero or negative, then the default value
1000 eV is use(l.are optimizedduring the calculation of the transmission function. Each fitting
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parameter can also be set to a special value and fixed. The determination of the transmissic
function can be done in two different procedures.

2.6.1 Fitting of Au-, Ag-, and Cu Survey Spectra

This procedurdSSA methodYor the determination corresponds exactly to the fitting of reference
spectra with measured spectra using the algorithm of adddescribed in chaj2.5. In this case,
however,i t r sueray spectré&§E) with T(E) = 1, taken at the reference spectrome®2} pre
fitted to the meaged survey spectraM(E). This fitting is done by multiplication with a
transmission functiohavingvariable parameters.

62(%’a1’a2’a3,a4’q’b2’ Eo) — a [S(E)T(Eiaoiai’aQ"?AS’(aEél)’bl’bZ’ EO) - M (E)] (89)

The functionT(E) is fitted to optimum, wher®i s i n a mi ni orveyspectfatofeAu,fi t r
Ag, and Cu are provided with the prograeUNIFIT. It is recommended to try the first fising
only the variablesy, b; andb; fixing all other parameters at zesadEyat 1000 eV

2.6.2 Fitting of the Peak Areas

Another procedur¢QPA method¥or the determination of the transmission function uses the peak
areas of the reference lineehe QPA method was built up fromu 4f, Au4d, Audps,, Ag 3d,

Ag 3ps2, Cu3p, Cu2ps, Ge3p and Geps, standard peak areas applying adequate ionisation
cross section§ E,h 3apd mean free path lenggh( E ) .

In order to expand the estimation ®{E) using variable excitation energjedifferent kinetic
energies of theefererce peaks odifferentreference compoundse QPA method was improved.

With the known values of the inelastic mean free péf), the ionization cross sectiai(E, hs) and

the peak ared under the selected photoemission signals of the reference comiheucorrected
peak ared\'is given by

A

A= s EnmTE) (0

With the known values of the inelastic mean free @éf), the ionization cross sectiai(E, hs) and
the peak ared under the selected photoemission sigmdlthe reference compound the corrected
peak ared\'is given by

A X

s o

Provided that the relative quantification of two photoelectron lines 1 and 2 of a reference compounc
with a welkknown number of @msX; andX, using known values for cross section and mean free
path and exactly estimated peak arBagves the ratioXi/X,, we can determine the transmission
functionT(E). Using Eqgn. (1) we can write

A
% _ sl(E,hn)g(El)T(Ei) _ ;<_ ©2

S,(E,hm)/,(E,)T(E,)

andthe separation of (E;)/T(E,) gives
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X A
“si(E.n)/y(B) _T(E) 93
. A T(E,) ©9
" 5,(E,hn)/,(E,)

Introducing the normalised reference valuef a photoelectron peak

- A (94)
X.s,(E,hm)/ (E)

we can write for the phottextron peak pair of peak 1 and 2
T(E,) ?1 -1 (95
T(E)Q,

In case of photoelectron lines of the same element (e.g. pure reference samples Au, Ag, Cu or
different kinetic energies of one core level) the X values are unity.
Themodel function for describin§(E)is given by

T(E)=a, +ae+a,e” +a,e° +a,e' +bE,* (96)

with the fit parameteray, ai, ay, as, a4, by, by, Egand 0= (Eo- 1000€\)/1000eV The calculation of
the reference values for the photoelectron peaksf the reference compound the transmission
function T(E) may be approximated by minimisation of the sum of the squared devi&®Ds
varying the parameters of the chosen model fundt{&

a éT(EZn)C"DZn—l(EZn—l) _ 62
SSD: é%(Ean) CDZn(EZn) 18 (97)

with k = number of pairs of photoelectron lines (max. 10).

For a better comparison of the estimated transmission functions the software UNIFIT allows the
normalization at the enerdgg:

T(E)

Ty (E) :T(E)

(99)

The defined limits of th parameters arel00 <= @ <= 100,-50 <= g <= 50,-20 <= a <= 20,

-20 <= @ <= 20,-20 <= @ <= 20,-20 <= a <= 20, 200 <= p<=20Q -2 <= b <= 2
Eo>=10eV.

An essentiafeatureof the QPA method ishe plot ofthe input data (normalized refecenpeak
areas) and th&(E) function in one frame. Because the intensities of the input data (from 0% to
100%) and thél (E) function (unlimited intensity, in the plotted energy raigg&) > 0) a special
normalization of the input data is necessarySifm the sum the intensities of(E) at two
corresponding energies

Sum=T(E,,) +T(E,, ,) (99

and theSum the sum of a pair of the input data
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Sunz] = r2n(E2n) + r‘2n- 1(E2n- :L) (100)
then the two normalised plot values of the referemcput datar are given by
Sum@, (E
2n, plot = nﬂg#fm) (101)
rzn_j_' ot — SumCDZn—l(EZn— 1) (102

Sum

If Eo is zero or negative, then the defardtue 1000 eV is used.

2.7 Determination of the Film Thickness

Two methodsare applied br the determination of the film thickne$&3]. The normalized
intensities and the itestic mean free patiMFP) or alternatively theeffective attenuation length
(EAL) of the film are used.

2.7.1 Method 1 (ERXPS)

This method(ERXPSi Energy Resolved XP3)ses the differanMPFs of electrons at different
kinetic energies if the electrons pass the figs (MFP film). For the thickness determinatiorthe
different attenuation afiormalized intensities 6f the substrate different films will be analysd.

&/ (E)/(E) C-ihélll'(El)ﬁ
I(E)-1(E) &1 (E)=2

d=cogy (103

2.7.2  Method 2 (ARXPS)

Method 2 is the traditional angle resolved analysis (ARXP&) determining the thicknesisof the
film the substrate intensities with filinand without filmlg at different angles® are usedgis the
IMFP or EAL of thefilm).

d=/ C"cosqc'bng“—g (104
c1(q) =
2.8 Determination of Auger Sensitivity Factors

A pseudsdfirst principle technique for Auger quantification is usedalculate relative Auger yields
[24]. The Auger transition probabilityis given

(109

whereZ is theatomic numbera= 1. %f20A1 0K e | e éfori elecsons5 6 19%ck W 0
electronsa n d ° @BN\lelectronsThe ionization cross sectidrof a subshelliis given by

312 .. ° ~ N

1 ¢4 y2]U
s =gu T1+25- —o0n|2.7+ U - DY?[; 106
v é&%%?iu?' °c 02 [ ( )]y (106)
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whered, is the ionization cross section of thth level (in cnf), n, the electron populaih in the
target at @wm 6&.ulfenbile9ELE: (Ef= excitation energyEc energy of the target
atom subshell). The ionization cross section values were not adjusted for the effect eK@wster
transitions The backscatter correction facs are calculated from the empirical equation

&  E.0.
r =1+2.8- 0.9—=al 10
=1+288- 094 (107)
where
h =-0.0254+0.016Z - 0.00018&°% +8.30A0'Z3 (108

The Auger el ectaesofthe eementand transitionis edlcalatethy
Swsi =96, @ (109

The Auger sensitivity factd8F of an elemenit for a relative quantification is therefore given by

SE=5,s,3,0(E) (110

L(i,j): Spectrum after Laplace Operation
M'(i,j): Spectrum after Spike Correction
M(i,j): Original Spectrum

I

1 1 1 1 1 1 1
30 175 320 465 610 755 900 1045 1190 1335 1480 1625 1770
Wavenumber / cm-1

Fig. 4. Processing steps of the spike correction, red: original spectrum, black: spectrum after
the Laplace operation, blue: spectrum after spike correction

2.9 Automatic Spike Correction

The theoretical basic of the automatic spike correction is dified Laplace method2b]. The

spikes are corrected using the intensity of the lower measurement channel at the same spectrum and
the intensities of neighbouring spectra. The maximum number of spikes (in % with respect of all
measiring points, 5%...30%) and the threshold multiplier (5...100) for the identification of the

spikes has to be defined by the user. The general form of the Laplace operator is give by
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L@, i) =4dM@, j)- M(i- 1 j)- M(i+1,j)- M(i,j- - M(i, j+2) (111
with the measuredpectrumM(i, j) recorded alN energy values corresponding to channedsd
spectrunj. All spectra have the same number of energy chahhels
The number of the recorded spectr®id he spike correction is carried out ind steps:
1. Definition of the threshold multiplier: The definition of the theshold multiplier T
(typically 20) and the maximal number of spilkégtypically 5% N' = N-5%/100%).
2. Generation of the Laplace spectra:Generation of the modified spectr§, j) using the
Laplace operatdior all ninepossible cases is defined @gn.(112):

84N (i, j)- M(i-Lj)- M@ +Lj)- M(i,j-D- M(i,j+1) 1<i<N 1<j<O

S0, 1) - M- 1)- M@+, j)- 204, j +2) 1<i<N j=1
T4, j)- M(@i-Lj)- M@i+Lj)- 20M(, |- 1) 1<i<N j=0
240, j)- 200+, ])- M(Q, j- 1)- M(i, j +1) izl  1<j<O
LG, ) =14M G, j)- 20M G -1 j)- MG, j-D- M, ] +1) i=N  1<j<O
}4dx/|(i,j)-2c’1>/|(i+1,j)-2c'M(i,j+1) i=1 j=1
1400 (i, j)- 20M (i +1,j)- 204, j - ) i=1 j=0
S4B, §)- 20M (- 1)) - 20 (i, | +2) i=N j=1
A (i, j)- 2AM (- L j)- 2AM (i, j- 1) i=N j=0

3. Determination of the average value#\(j): The actual threshold value depends on the
average intensity of the respective Laplace spégirg) without the highest intensities,
lowest intensities and negative values. The calculation of the refeaeacage valueA())
of every Laplace spectrubi ,j) which is then multiplied with the defined threshold
multiplier T for comparison with the Laplace sped_(i, j) is carried out using five steps:
a) Determindion of the channel numbeR(k,I) (k = 1...N', | =1...0) of theN'"-O
positions of the elements with the highest intensities of thedimensional field
L, j).

b) Estimationof the channehumberQ(k,l) (k = 1...N', I =1,,,0) of theN'-O
positions of the elements with the lowest intensities of thediwensional field

L, J).-

C) Estimation of the number of negative valdgs{j) of every spectrumof the field
L(i, j) with exception of the elementB(i, j) andQ(i, j):
o Nel for L(,j)<0, il Pk j), il Qk,j)
Neg(D =T, S A . (113
it | or L(@i,j)20, il P(k,j) il Q(k,J)
d) Estimation of the number of channélg.]j) for the calculation oA(j):
Nae(i) = N- 20Ni- N (i) (114
e) Calculdion of A(j) with exceptiorof the channel®(k, ), Q(k, I) and the negative

values ofL(i, j):
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g.L(i,j), LG, i)2 0, il Pk, j), il Q(k,j) (119

A(J) ) nave(j) i=1

4. Estimation of the spike positions Spike positions are found if the values of the Laplace

specta exceed the threshold set by the multiplication of the averageA@uwnd the
threshold multipliefT. Thus, the definitiorof the positions ofthe spikesP(k, j) of every
speetrumj is defined by:

P(k’j):iap 0 for L(P(kl,J).ﬂ:TOQ.\.(j): k_l...Nl (116

i P(k,j) for L(P(k,j), j))>TQA(j),k=1..N
All channelsP(k, j) > 0 define a spike position in the spectrym
Spike correction: Finally, the data points identified as spikes need to be correctibe. If
channeisof the spectrumis an element dP(k, j) and thereford/(is, j) is a sfike, then the
intensities of the five channels (if availabM{is- 2, j), M(is- 1, ), M(is, j), M(is+ 1, j) and
M(is+ 2, ])) are changed. This is an important point because the spikes of the Laplace
spectrunL(i, j) are sharper with respect to tharse spikes of the original spectrividi, j).
The correction is carried out consecutively (by steppiog each spectrur) from M(1, 1),
M(2,1), ... ,M(N, 1), M(Z, 2), ..., toM(N, O). The actual calculation of the corrected points
depends on two asgis: (i) the position of the spike and (ii) the possible presence of a
neighbouring spike. In order to distinguish the latter, five different cases with adapted
calculations have to be applied. The corrected spbtfra) are calculated by:
Casel) Themeasuring points i - 1andi - 2 of the spectrum + 1 arenot element of
Pk, j+1),j<0O, (k =1...N') (egn.(117)):

EM@-L)+M@-1j-D+M(@i-1j+D+M(@,j-D+M(,j+1)/5 i>1 1<j<O

MG ,)_}(M(i-J,1)+|v|(i,2)+|v|(i-12))/3, i>1 j=1
YT - oM@ D)2 =1 1<j<O
IM12), =1 j=1
Casell) The measuring pointi - 1ori - 2 of the spectrum+ 1is element of
Pk, j+1),j <O, (k=1...N") (egn.(119):
EM(@-L))+M(i-1j-D+M(,j-D)/3 i>1 1<j<O
o IM(- 1), i>1, j=1
MG, ) =1 (.]’) ._l =
iMGj-D, i=1 1<j<O
M@, i=1 j=1

Caselll ) The spectrum numbge O (last spectrum of the series):

Mi(,0)=(M(i- LO)+M(,0- D+M(i- LO-D)/3 i>1 j=O (119
MiLO)=M(@LO-1), i=1 |=O (120
Mi, j) =(MG - 1j)+MG, - D+MG-1j- D)3 i=N, j=0 (129)

CaselV) The spectrum number 1 (first spectrum of the serieahd the measuring
pointi = N (last point in the spectrum):
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Mi(ND=M(N-1D, i=N, j=1 (122

CaseV) The measuring points- 2,i-1,i,i + 1 and + 2 of the spectrumarenot
elements ofP(k, ), (k =1...N")and therefore the measuring pdiig not a
spike:

M@, ) =M, ) (123

6. Fig. 4 illustratesthe different spike correction steps. Examples for a spike correction of
Raman spectra are saviedhefolder: Unifit_2026 User_Fileg&examplesRAMAN .
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3 Programme Handling

The handlingof UNIFIT was designed according to common Winddwsandard, while some
details resulted from practical applicatidiive ways toactivatea call are available (not for all sub
routines all callsareoffered: i) Pull-downcommands ii) Shortcus wi t h -CharAdted iii)
Popup commandg(right-mouse button)iv) Sh o r t ¢ u t -Charadteh v) iéoBs (hel number,
the functionality and the size of theons can belefined by the user)In the followingtermsin
boxes (e.g] OK |) refer to command buttons, whileommands shown in square brackets
represent pultlown (e.g. [File - OpenSpectra- XPS - VGX-900 (*.1)]), popup commandge.qg.
[Pop-Up - Undo]) or right-mouse operationat special window aredg.g.[Right-Mouse Button).
A certan window can be activated by clicking the title bar with the left mouse button or by using
the pageup and pagedown keys Hidden standard windows can be activated and displayed using
the operation [WindowsHide Standard Windows] [Windows- Hide Standard Windows
(manual), or with the direct activation putlown operatior(e.g. activation of windovii20 with a
N 1s spectrum[W:1-3000- W:1-200- W 120: N1g). Only windows with a number lower than
1501 can be activated using thallpdown operation. Windows with a higher number (>15000)
may be activated with the operation described®.iil.8and 3.11.9 By clicking the right mouse
buttonat the appropriate positiampopup menu ordifferent subroutines may be activateBrinter
settings are enabled if the preference setting
The popup menwffersthe following functionality:
A: All window types:

Output:

1. Save Project

2. Copy Image Active Window

3. Print Active Window

Design: (exception:Image Windows)
Mar ker Linesé
Markerof the Marker Lines (enabled if marker lines are displayed)
Spectrum Labelling 2¢
Spectrum Title 2¢
Activate Resizing Spectrum Labelling @¥abled ithe famatted label is displayed)
Activate Resizing Spectrum Title 2r{abled ithe formatted title is displayed)

Preferences

7. Transfer Window Settings to Preferences
B: Standard Windows without defined reduction-marker lines:

Design:
Graph Standard Windows/WagnPlotDi s pl ay é
Axes/ Lines/ Text Displayé
Graph Standard Windows/Wagner FRsintei
Axes/Lines/TexPrintee
Plot EnergfWWavenumbeAxisé
6. Plot Intensity Axig
Modify:
7. Original/Accept Preferences
8. Undo
9. Progranme-Internal Coping + Programe-Internallnserton
10.Expansion
Edit:
11LEdit Spectra Namesé@

ohkownNE

aobhowbpE
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Peak ID:
12.Automatic Peak ID
- with check of the maifines (not appropriated for narrow spectra)
- DefinedgE andgd are used from the Merjinformationi Identify Lineg
Quantification:
13.Use Peak for XPS QuantificatidMono) + Backgroungwithout satellite subtraction)
14.Use Peak for XPS Quantification (Twin) + Backgroymith satellite subtraction)
- Background can be defined using backgresualdtraction routines.
- If no annotation of the activated spectrum is aélan Automatic Peak ID is carried out.
Peak Fit:
15.Fit Background XPS (HOM) (or INHOM
16.Peak Fit Input Fit Parameters Singlet Pealst Conditions
17.Peak Fit Input Fit Parameters Doublet Pealst Conditions
18.Peak Fit Show Parametemits
19.Peak Fit Show EiParameters
20.Peak Fit Iteration
C: Standard Windows with defined and displayed reductioamarker lines:
Modify:
1. Reduction
2. Reduction + Programe-Internal Coping + Programe-Internal Insertion
3. Remove Reduction Lines
Quantification:
4. Extract Peak for XPS Quafitation (Mono)+ Background
5. Extract Peak for XPS Quantification (Twi#)Background
- Background can be defined using backgresualtraction routines.
- If no annotation of the activated spectrum is available an Automatic Peak ID is caitried
D: Wagner Plot Windows:
Design:

1. Graph Standard Windows/ Wagner Pl ot Displa
2. Axes/ Lines/ Text Displ aye
3. Graph Standard Windows/ Wagner Plot Printe
4. Axes/ Lines/ Text Printereée
5. Edit Window Names of the Same Typeé

E: Parameter Plot Windows:

Design:

1. Parameter Pl ot Displayé

2. Axes/ Lines/ Text Displ aye

3. Parameter Pl ot Printeré

4. Axes/ Lines/ Text Printerée

5. PlotParameteAxisé

6. PlotIntensity Axie

7.Edit Window Names of the Same Typeé
G: Plot 3D Waterfall 0° PlusWindows:

Design:

1. 3D-Pl ot Waterfall OA Plus Displayé

2. Axes/Lines/Text Displgé

3. 3D-Plot Waterfall 0° Plu®rintege

4. Axes/Lines/TexPrintee

5. Plot Energy/Wavenumber Axis or PlotAxis

6. Plot Intensity Axise
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7. PlotPar amet er AXIi s é
8. Reverse Plot Paramet&kis
9. Edit Window Names of the Same Typeé
H: Plot 3D Waterfall 0 Windows
Design:
3D-Plot Waterfall/XY-3D Plot Waterfall/Color Profile Displag
Axes/Lines/Text Displag
3D-Plot Waterfall/XY-3D Plot Waterfall/Color Profilé@rinteré
Axes/Lines/TexPrinteé
Plot Energy/Wavenumber Axas or PlotX-Axisé
Plot Intensity Axig
Plot ParameteA X i s é oA XPIlseéet Y
Reverse Plot Parameter Axis
Edit Window Names of the Same Typeé
10.Line of the Maxima
I: Plot 3D Waterfall 45°, Plot 3D Waterfall -45°, Plot 3D Colour Profile,
XY 3D Plot 45°, XY 3D Plot-45°, XY 3D Colour Profile, XY 3D 45° Colour Profile,
XY 3D -45° Colour Profile Windows:
Design:
3D-Plot Waterfall/XY-3D Plot Waterfall/Color Profile Display
Axes/Lines/Text Displag
3D-Plot Waterfall/XY-3D Plot Waterfall/Color Profil@rinteé
Axes/Lines/TexPr i nt er é
Plot Energy/Wavenumbeixisé or PlotX-Axisé
Plot Intensity Axig
Parameter Pl otY-AXiisspél ayé or Pl ot
Reverse Plot Parameter Axis
.Edit Window Names of the Same Typeé
The direct activatiomof subroutines are:
A: All window types:
1. Spectrum Title &
2. Spectrum Labellingd
3. Legend/Select Curves
4. Axes/Lines/Text Displag
B: Standard Windows:
1. Plot EnergyWavenumbeAxisé
2. Plot Intensity Axig
C: Parameter Plot Windows:
1. Plot Parameter Axé
2. Pl ot Intensity AXxi sé
D: XY 3D Plot 45°, XY 3D Plot -45° Windows:
1. Plot X-Axisé
2. Plot Y-Axisé
3. Pot I ntensity AXi seé
E: XY 3D Colour Profile Window s:
1. Plot X-Axisé
2. PlotY-AXx i s é
F: Plot 3D Waterfall 45°, Plot 3D Waterfall -45°, XY 3D 45° Colour Profile,
XY 3D -45° Colour Profile Windows;
1. Plot Parameter Axi&

©oNoGar~WDNE

©ooNoGaMLONE
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2. Plot Intensity Axig
3. Plot Energy/Wavermb er AX i s é
G: Plot 3D Colour Profile, Plot 3D Waterfall 0° Windows:
1. Pl ot Parameter AXxi sé
2. Plot EnergyWavenumbeAxisé
H: Plot 3D Waterfall 0° Plus Window:
1. PlotParamé er AXi s é
2. Pl ot Energy/ Wavenumber AXi sé
Windows common shortcuts:The Unifit softwaresupportsthecommon Windows shortcuts

A Citrl-a Programmadnternal Copying

A Ctrl-b Fit Background

A Ctrl-c Charge Correction

A Ctrld Differentiation

A Ctrl-e Expansion

A Ctrl-f Fit-Parameter Table

A Ctrl-g Calculate Background (previous gall
A Ctrl-h Subtract Bacround

A Ctrl-i lteration

A Ctrl-j Edit Acquisition Parameters

A Ctrl-k Subtract Satellite

A ctrl-l Fit-Parameter Limits Table

A Ctrl-m Spectrum Manipulatioh Intensity Correction
A Ctrl-n Normalization

A Ctrl-o Spectrum Operation (previous gall
A Ctrl-p PrintOut

A cCtrl-q Quantification

A Ctrl-r Reduction

A Ctrl-s Save Project

A Ctrl-t Correction withT(E)

A Ctrl-u Copy Image

A Ctrl-v Programmadnternal Insertion

A Ctrl-w z-Axis

A Ctrl-x X-AXis

A Ctrl-y y-Axis

A Ctrl-z Undo

In case ofawindow with a 3Dpresentatiorthe order of the spectra within this plot may be reversed

by pressing the shift key and clicking the right mouse buttoasing the pojup call By clicking
the middlebuttonon a standaravindow, the acquisition parameters can be displayedo main
typesof title barsare used depemy on the procedure carried out:

1. Normal display: In the title bar of each window the number of the window pitogramme

internal peak name, thex-position of the mouse pointer i.e. the corresponding

energywavenumber the measured intensity for this enéwggvenumber (in case the

background is displayed: difference between intensities of spectrum and background), anc

the intensity of the presentppsition of the mouse pointer are shown simultangaisee
Fig. 1). Theprogrammenternal peak nansean be:
a. Spectrum name without extensif@g. Si 2p multi-region measurement),
b. Spectrum name pdu batch parametde.g. sputter time: Si 2p_80, SDP, ARXPS),
c. Spectrum name plus -axis (e.g. Si 2p_100, line sceggarding xaxis)
d. Spectrum name plus -gxis (e.g. Si 2p_150, line sceggarding yaxis)
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e. Spectrum name plus -axis plus |yaxis (e.g. SBp_ 100|150, multipoint
measurement, mapping),
f. Spectrum name plus _bhtc parameter plus [x-axis plus |y-axis (e.g.
Si2p_80]100|150, SDP mapping).
2. Display during peak fit: The number of iterationss”, G and the Abbe criterion are
provided in the title bar.
The name othe curently loaded project is displayed in the title bar of the parent winddvenno
project isloadedthenthe title bar shows ‘New project'.

Note:Theor i gi nal spectra names of a measuremént ma

3.1 Defining Ranges

Rangesfor the reductionoperationcan bedefined by placing markers on the window using the
mouse. Place the mouse pointer at the desiredtéattposition andlick the left key once. This will
cause a verticaleductio-markerline to appear. Now place the mouse at the end positieed(to

be right from the first marker) and clidke left mouse key A second marker will appeafrhe
marker lines can be shifted by placing the mouse over a marker lir@ktte left mouse button.
The reductioamarker lines may be cleared from the display by clicking thght mousefor
displaying the pojup menu and clicking théunction [PopUp - Remove Reduction LingsA
redraw of the windowemoves the markdines, too.After a peak fit the markeiines definition is
deactivated.

3.2 File

The programme offers several routines for file loading, because the different software applied for
spectrum acquisition produces different data formate pogramme has to access the original
spectrum from time to time. Therefore, the menueyice with the experimental data should not be
removed or changed during the processBiggle spectra, muliegion measurements, parameter
dependent nmasurements, line scans and multipoint (area) scansbe loaded. The acquisition
parameters peak name, comment, batch parameter, analyse(RAddAN : exposure modepass
energy (RAMAN: Grating), lens mode(RAMAN: Slit), excitation energy (RAMAN: laser
wavelength), start and end energy (RAMAN: start andweade number dwell time, number of
accumulationsx-position and yposition can be corrected or changed after loading the spectra using
a special sutmenuof UNIFIT.

Some Uniit-input routines support the matically loading of a series afeasuremerfiles. That
permitsthe loading of more than one single or mudtyion measuremeniThe batch indicator is a
number on the end of the file name (one te filigits, e.g. Test_00001.vms, Test_02156.vms). The
loading procedure starts from the selected file. If a file is availablethgtisame name ardbatch
indicatorwill be greater than the old value by otiigen the fileis loaded additionally and so oa.§.
Test_00001.vms, Test_00002.vms, Test_00003.vms, Test_00005.vms are saved, Test 00001.vms is
selected, the files Test_00001.vms, Test 00002.vms and Test _00003.vms are loaded). The loaded
regions get the batch parametérthe loaded measement file (eg. Ols 00001, Ols_00002).

The batcHile loading canbe used with the following Unifdinput routines3.2.1.1.103.2.1.1.17
3.2.1.1.183.2.1.4.7and3.2.1.4.8

The batcHfile loading of the input routin8.2.1.1.9is different from the described method above.
Here the file extension (e.g. *.1, *.2, ...) is the-filatch parareter.

Examples of measurement data are saved on the idSiB&lmemory card

XPS: XPS_Measurement_Reference_Data

XAS: XAS_Measurement_Reference_Data

AES:. AES_Measurement_Reference_Data

RAMAN: RAMAN _Measurement_Reference_Data
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3.2.1 OpenSpectraé

This menu containgll loading routinesavailable at the moment created on different user

demand. Several regions can be bt for some of the datarmats. The names of single
regions (e.g. C 1s, S 2p, O, Ec) should notbe used twiceAll region names should not include
the charact@&@orr o6alnd\e d.tTrheeampled forreeperiméntal data files are
summaai zed in the book OLiI h\ersith@R@dt i dirdceryaacessedD a t
the latestis selected automatically. Therefore, do not remove the memevice with the
experimental data. The previously applied loading routineopsned if the icon isused.
Measurement files with the same name cannot be opened simultankooale of

1. parameter dependent measurementghe batchparametes( sput ter t i me, a
added with a underline to the region name (e.g. Si 2p_@&i5, Si 2p_10etc),

2. line scan(all regions have the same batch parameatedifferentx- or y-positions)the new
batch parameterare created using th&- or y-positions, the region name displayed in the
title lines of the windowsvill be modified with the batch parametés.g.region nameSi 2p,
x-position: 10, region nam&i 2p_10),

3. multipoint measurements (all regions have the same batch parametee)new batch
parametersre created using thg- andy-positiors, the region name displayed in ttige
lines of the windows will be modifiedith the batch parametée.g. region name: Si 2g;
position: 10y-position: 35, region name: Si 2p_10|35),

4. parameter dependent multipoint measurementshe region name displayed in the title
lines of the window will be modified with the batch parameter, thposition and they-
position (e.g. region name: Si 2p, batch parame@#; X-position: 10, ¥position: 35,
region name: Si 2p90|10|35)

The decimal character of the data has to be a paimtaximum of 75600spectra can be loaded
simultaneouslyln case of multipoint (area) sca(without batch parameter#f)e batch parameter

will generated by thex- and y-positions (e.g.x-position: 12,y-position: 25, resulting batch
paameter: 125). The usage of a SSD hard disk may considerably reduce the loading and
processing time of projects with a large number of speélitaacquisition parameters may be
modifiedat point 0.

Note: Theusage of a SSD hard diskd the definition of Unif2026exe as exclusion in the used
antivirus softwaremay considerably reduce the loading and processing time of projects with a large
number of spectra.

3.2.1.1 XPS

The XPS measuring dataith the exception ofnapshot scansiaveequidistantstep widthsanda
monotondncreasing or decreasimmpergy scale

3.2.1.1.1 ESCALAB Eclipse (*.TAP;*.TXT)

The submenu ESCALAB allows to load data from the Eclipse prognen(ESCALAB220iXL),
generated by the Eclipse sudutine 'déa export' in ASCII and saved with the extension *.tap (see
book O6Line Positi\Wersien2026 dl3)Dat a For mat s

3.2.1.1.2 ESCALAB/K-ALPHA Avantage (*.AVG)

The submenu®ESCALAB Avantagéallows to load data from the Avantage prognaengenerated
by the dat export programe C:\VGScientifidSoftwarébin\DataSpac®atchDump.exe in ASCII
and saved with the extension *ayjgs ee book OLi ne Pog Varsion20Z5 an ¢
3.1.2). This routine allows the data transtéronesingle region (e.g. ClsrO 1sé) but a
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conversion of parameter dependent measurenfemisangle resolved measurement, seven regions,
0i60: C 1s O0A, C 1 theldadiny of life and Gultipant (r@a)spafise x and

y posiions of the recording poistare available.In case of a multipoint scan the batch parameters

are generated using the x and y positidp) (x

Additionally, parameter dependent multipoint measurements are loadable. Then the batch parameter
includes the vale of the batch parameté.g. sputter time)the x position and the y position (e.g.

SDP multipoint measurement: batch parameter = sputter tpositorly position).

3.2.1.1.3 ESCA3 (*.TAP)

This menu option initiates the loading routine for a data format pedviay special software
devel oped for a VG ESCA3 spectrometer at the U
Data Format$ Version2026 13).

3.2.1.1.4 BESSY/VSI/HHUD (*.*)

With the submenu BESSY/VSI/HHUD it is possible to load experimental datathikse recorded

with the EMP software from the synchrotron storage ring BESSY. A dialogue box asks for
excitation energy and region name, because t he
Positions and Data Formdtd/ersion2026 3 1. 3116)4

N
530.00 | [ 370.00
[Ag 3p I
P
k]
P Test Specti
é — eak name est Spectrum
4 Batch parameter 1
=2 Comment: XPS Measuren
G 212.00
Kl Date: 21.06.2021 13;
£ e S -
106.00 Excitation Energy 1254 | eV
Initial Energy (KE): -32.5 eV
0.00 Final Energy (KE): eV
1300 1185 1070 955 840 725 610 495  Step Width: 1 ev 616 597 578 559 540
Binding Energy / eV | Points: 1361 Binding Energy / eV
4 Accumulations: 1
1982.00 Dwell Time: 1 s
Pass Energy: 50 eV
[ Ag 3d
185.60 Ag 3s I Analyzer Mode: None
g Lens Mode: None
g 1720 X-Position: 0
> Y-Position: 0
g 172.80 Scan Direction
= KE decreasing KE increasing
166.40
150,60 Cancel
800 77 742 713 . 380 375 370 365 360
Binding Energy / eV l Binding Energy / eV

Fig. 5.  Structure of the input dialogue for the manual definition of XPS acquisition parameters

3.2.1.1.5 CAF/KRATOS (*.*)

This menu items developed for loading data in its simplest form with the energy ifirdtend the

intensity in a second column. All remaining parameters are to be provided in a separate dialogue
box (see Fig5). Start and end channel must be given as kinetic energies increasing from start to
end. The startenggg i s used for controlling the data fo
Formatsi Version2026 3. 311.8)7



3 Programme Handling 55

3.2.1.1.6 PHI-5400/5600 (*.INF + *.ASC)

The software used with P¥BOO spectrometers provides the experimental spectrum (*.ASC) and
the acquisitionparameterg*.INF) in two separate files. After selection of this menu option, the
* INF file will be opened. The programme searches for the *.ASC file with the same name and
opens it. The specific PHI peak names are conddrtd usual designations during the loading
process (e.g. AgltoAgd) (see book OLi ne TReson2046o n3s. la.n9d) .

3.2.1.1.7 PHI-545/590 (*.TXT)

The software of the PFB45/590 spectrometers permits the export of the spectra-BigdxiThese
created data files can be loaded with the programme UNIFIT. Three different measurement format
can be generated: single region, multi region and profile measurement format. For a correc
handling of the data with UNIFIT the regions should have thalwdasignations (Agd, Cu2 p 3 é )
(see book O6LiIine PoisMesion20B6d antl. D&ja For mat s

3.2.1.1.8 PHI-1600/1600C (*.CSV)

The measurement data of the spectrometer1®d0/1600C catbe exportecas ASCII data. The
acquisition parametermre saved ahe pbp of the file. The intensities of the regions are saved at the
end of the file. The CSV format allows the saving of standard spectra as well as paramete
dependent measurements (see bYesion2d26®i MBe 1P dsdli)t.

3.2.1.1.9 VGX-900 (*1)

The software VGX900 supplied with VGspectrometers currently produces tives for one set of

data. UNIFIT handles the measured data file in combination with a datwax asking for the
excitation energy. The experiment name has to start with Xp§ 6r AES(aes), if the spectra
were ecorded with decreasing kinetic energy and with XPSREW (xpsrew) or AESREW (aesrew) in
case of increasing kinetic energy. Up to ten regions can be loaded simultaneously. In case th
experiment does not hauvhe structure shown above, a dialeg opened for specification of the
scan direction (decreasing or increasing) and acquisition energy (BE or KE).

Parameter dependent (angle, sputter time) series of spectra collected with the VGX software can |
loadal directly in the programme UNIFIT as well. Only files with the same name but consecutively
numbered extensions are interpreted as batch. The extension is used by UNIFIT as batch parame
(see book OLine PoisMemsion20866 38 ntl. Daja For mat s

Examplel: The files Test.1 and Tedtind Test.5 arsaved in the same directory. Loading Test
UNIFIT interprets only Test and Tes as batch and loadall two spectra. The batch parameter
is 1 and 2, e.g. the name of 1Bé&s region of Test.2 appears as Ol1s_2, the name of the Si 2p region
of Test.1 as Si2p_1.

3.2.1.1.10 VAMAS (*.VMS;*.NPL)

The VAMAS formatwas developed especially for chemical surface analysis with XPS. It allows
transferring standard spectmarametedependent measr i ng seri es (delme h p
scans, multipoint (area) scaas well for further treatment see book o6Line Po
Formatsi Version2026 133). The x and yposition of the recording point isvailable.Special
options(normalization or sum operationf the input may be selected in the megoint Importi
VAMAS (*VMS;*NPL) i n t he di al o d®). 10 caseef acmulipoiot scardthe
batch parameters ergenerated using the and yposition (¥y). This input routine supports the
batchfile loading function (se8.2).
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3.2.1.1.11 VAMAS (*VMS;*.NPL) Clipboard

Measurement data recordedthe VAMAS format and stored in the clipboard canlbaded using
this menu point.

3.2.1.1.12 NPL (*.NPL)

The current VAMASformat was developed from the Nfelata record type. Like VAMAS, the
NPL-format also contains the most important measurement data, but it is less extended than
VAMAS (see book DdtaFormatsP/ersian2026d nldd.a n d

3.2.1.1.13 SPECSLAB (*.EXP)

This input routine is able to read the measurement data recorded with the pne@BRBCSLAB
especially used by the spectrometer of the SPECS brand. Data from normal as well as parameter
dependent mesurements are accepted. To enable UNIFIT to correctly interpret the data, it is

essential that the correct name of each region (e2p, du4 f 7 é) is stated in t
par ameter box ifitag: 0 before the gnpteecdatn set ar e
Aoriginal : 0 (see book @ WVersioe202®ok3b)t i ons and Dat a

3.2.1.1.14 VSW-Tiibingen (*.DAT)

This special data format was implemented into UNIFIT for a spectrometer build by VSW for the
University of Tubingen. The exact data struetis shown it he book 6éLine Posit
Formatsi Version2026 , 1.1Q .

3.2.1.1.15 VGS2000 (*.XPS)

This input routine reads a special data format of the University of Giessen. The excitation energy is
specified using a separate dialedox. The intensitea r e saved as c¢cps (see b
and Data FormafsVersion2026 137).

3.2.1.1.16 ScientsSESSignals(*.TXT)

This special data format is used from the research centre of Kar(S&Besoftware)The energy
values have to be stored as kinetic energg (seb ook o6 Li ne Posi iVesiors and
20265 , 1.19..

3.2.1.1.17 ScientaSESSpectra(*.TXT)

This special data format generated byhe Scientaspectrometeworking with the SES software
The intensities dfg in small angleor y-axis regions (Number oklices) are saved in several
columns.Two reading options are available;
1. The sum of all slices gives the intensities of the spectusimg this option, a series bles
of a batch measurement can be loaded automati{sai.2).
2. The intensities of every slice are loaded in separate spectra (e.g. 3 regions, 100 slices, 300
spectra are generated, $8€.0.]).
(see book OLi ne PoisMersion2026 ,1d®9.d Data For mat s
Multipoint measuremas or line scans can be loaded if a third dimension is available (1. dimension:
energy, 2. dimension: slice parameter, 3. dimension: stage position). In case the name of dimension
2 is y-Scalethen the slice parameters are loaded-pssjtion. The posion of the stage defines the
X-position.
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3.2.1.1.18 PHI Spectrometers/Single Spectr&*.SPE)

This special different data formad (different software versionsare used from thePHI
Spectrometes (e.g. VersaProbgQuanterag¢ ). The acquisition parameters are savednfithe line
SOFH to line EOFH using the AS@kxt format. The intensity values are stoeg¢dhe end of the

file in single ordouble float format. The number of bytes of the saved intensitifeglisor eight
times higher as the number of channels ofrediions bfook 6 Li ne Posi ti on$ an
Version2026 , 1.2@1). This input routine supports the batfile loading (see.2).

3.2.1.1.19 PHI SpectrometersSDPARXPS (*.PRO;*.ANG ;*.MAP )

This specialdifferent data formad (different software versions)f profiles or mappings(SDP,
angleresolved measurementgc.)is used from thé&HI spectrometerge.g. VersaProbe, Quantera,
etc). The acquisition parameters are saved from the line SOFH to line EOFH using the&&ClI
format The intensity values are stored on the end of the file in single or double float format. The
number of bytes of the saved intensities is four or eight times Higiethe number of channels of

all regions pook 6 Li ne Posi ti on$ Vessom2028g 1.282 FPRONALIZ3I
(*.ANG) and 3.1.20.4 (*.MAP)

3.2.1.1.20 Focus CSA (*.DAT)

This special data format is used by the spectrometer Focus CSA (a spediaerfor high
energies). Only one region will be saved. The header includes the recondimefms (e.g. start
end and excitation energystep width, etc). The data set with five columns includes the sum
spectrum [DATA] and the single scans [DATAEL[DATA 20]. The columns are: energy,
intensity, three normalization valueg b o o k  a lionsnaad DRta $armafs Version 2026
3.1.21).

The file name is used as spectrum name. Additionally, a batch parameter can be déiniegut
routine allows the reading of the sum spectrum or the single scans. With the selectexstamgge
new sum arve can be createdf. single scans araded,the scan number expands the spectrum
name A spike test of the single scaasd a previewcan be made automatically. An optional
normalization using the values of the columii 8 can be cared out (see Fig6). The maximal
number of loadable or presentable single scans is 100.

3.2.1.1.21 Croissant (*.PESP)

This special data format is used by the University Basel. Only one region will be saved. The heade
includes the recording parameters (stgrt, end and excitation energy, step widttc). The data

set with eight columns includes the binding energies, the kinetic energies, the sum intensities (i
|l oaded) and the intensities of each icMeraionn el 1
2026 122). This input routine supports the batfile loading function (se8.2). Only the *.pesp

files must be saved only one spectrum.

3.2.1.1.22 SSI XPS (*.MRS)

This special data format is used by theiversity Staford. Orly one region is saved.he header
includes the recording parameters (e.g. startl energystep width, excitation energy,). Only the
first data block is loade(s.booka Li ne Posi t i onisVeraion2026Da33pal1 F®r ma i

3.2.1.1.23 SPECS Phoibos22®rodigy (*.XY)

This data was generated from a special converter of the spectra recording software
SpecsLalProdigy The SpecsLaProdigysoftware offers the following eight generation options:



58 Programme Handling

Counts Per Second: yes/no,supported
Kinetic Energy Axis: yes/no,supported
Separate Scan Data: yes/no,supported

Separate Channel Data: yes/no,

External Channel Data:  yes/noring current, mirror current, TEY are supported
Transmission Function:  yes/no,

Asymmetry Recalculation: yes/no,

. ErrorBar: yes/no.

The aquisition parameters are stored in the heddebooka Li ne Posi tiong$ and I
Version 2026  34). Multpoint (Area) scans include the x and y recording position of every
region.Optionally the intensities, the ring current, the mirror curcerthe TEY data can be loaded.

A normalization of the intensities with the ring current is possible. A sum curve of separate scans of
the regions can be creatéar the definition of the reading options $#0.1

The stepwidth of snapshot scans is not equidistdiiterefore the energy values of the intensities

are not used from the original data. The energy values and the step width are calculated using the
initial and final energies and the number of the snapshot clsafiiiee average energy values have
uncertainties with respect to the original data of less 002 eV.

3.2.1.1.24 HTW Berlin (*.DAT)

This special data format was implemented into UNIFIT for a spectromitee HTW Berlin. The

exact data structure is showntikb ook o6 Li ne Posi t iVersien2®d 2Ratla Fo
The data comments are in German. The decimal delimiter is the comma. The first column is the
energy axis in KE. The third column includes the intensities.

ONoGORWDNE

3.2.1.1.25 1. Column: BE decreasingFollowing Columns: I ntensity (*.*)

This input routine supports the simplest form of measurement data format> €bkirhn includes

the values of the decreasing binding energies andbtloeving columrs states the intensities. All
comments without greceding numbrebefore and after the measurement data are ignored. The
characters of delimitation are arbitrary (no point!). Tdeximal character must be a point. The
acquisition parameters:

- Excitation energy,

- Name of region,

- Comment

- Dwell time,

- Number of acamulations,

- Analyser mode

- Pass energy

- Lens mode

- X position

- 'Y position

are to be provided in a separate diggox( book aLi ne Posi tiiMensien and L
2026 3.1.%5).

3.2.1.1.26 1. Column: BE increasingfollowing Columns: I ntensity (*.*)

This input routine is the same as described.th1.1.25%ut the binding energy is increasi(mpok
aLine Positi onisVeraan2026p3altZ). For mat s
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3.2.1.1.27 1. Column: KE decreasingFollowing Columns: I ntensity (*.*)

This input routine is the same as described@.th1.1.25but the kinetic energy is decreasifmpok
aLine Positi onisVeraan2026D3altZ). For mat s

3.2.1.1.28 1. Column: KE increasing/Following Columns Intensity (*.*)

This input routine is the same as describe@.th1.1.25but the kinetic energy is increasiigook
aLine Positi onisVeraon2026DAaltZs. For mat s

3.2.1.2 XAS

XAS measuringdata can be stored in negquidistant step width and the energy scale not
necessarily needs to be monotonously rising or falling. During reading data are converted into dat
with equidistant step width. Not available intensity values areutskd by linear interpolation.
Before reading, the data are ordered according to the energy values and the step width. The small
generated step width is 0.01 eV. The input of XAS data changes the labelling ofattis %
'Photon energy / eV'. All gned windows presenting an XA spectrum get an internal XAS sign for
the special programme control XAS.

3.2.1.2.1 NEXAFS (*.DAT)

This special input routine reads data with feguidistant step widths typical for NEXAFS
measurements. Firstly, the smallest step waltlof the data set will be estimated. Secondly, the
spectrum is converted to an equidistant form with the step widtand a new number of data
points. Not available intensity values are interpolated linearly. Thaxi will be annotated with
OPhot @ty énervo. Al l necessary recording par a
insertedmanuallf book aLine Posi ti Vasios202&8@.1)Dat a For mat

Lk

Peak name SA-SingleReg-VB Sum Spectrum
Batch parameter ® Single Scans
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Fig. 6. Dialogue structure of the data input of the spectrometer Focus CSA
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3.2.1.2.2 BESSY-EMP/2 (*.*)

The data are saved in a number of columnsCélumn: Photon energy (increasing), next columns:
intensity, reference data). The recording parameters are saved in the header ¢huaataepoints,

dwell time...). A variable reading routine allows the allocation of the different columns to the
correct data form. The intensities can be norr
Positions and Data FormadtsvVersion2026 3.2.2). Start energy, end energy and step width of the

input can be changed optionally.

3.2.1.2.3 MAXlab Scan Zeiss (*.SP7)

This data format is typical for the synchrotron in Lund. The data are saved in twelve columns with
eleven characters. (Column: Photon engy (increasing), next columns: intensity, reference data).
The recording parameters are saved in the header (number of data points, dwell time...). A variable
reading routine allows the allocation of the different columns to the correct data form. The
intensi ties can be normalized optionally wusing
Formatsi Version 2026 3.2.3). Start energy, end energy and step width of the input can be
changed optionally.

3.2.1.2.4 LausanneNanoLab (*.*)

This data format is typical fahe Lausanne lnolab. The data are saved in columns with eleven
charactersEvery column has atle (e.g. MonoEnergy, Counter). A variable reading routine

allows the allocation of the different columns to the correct data form. The intensitiee can b
nor mali zed optionally wusing referenceersioat a (b
2026 3.24). Start energy, end energy and step width of the input can be changed optionally.

3.2.1.2.5 SPECS Prodigy(*.XY)

These data were generated from a special comes of the spectra recording software
SpecsLalProdigy The SpecsLadProdigysoftware offers the followingightgeneratioroptions:

Counts Per Second: yes/no,supported
Kinetic Energy Axis: yes/no,supported
Separate Scan Data: yes/no,supported

Sepaate Channel Data:  yes/no,

External Channel Data:  yes/noring current, mirror current, TEY are supported

Transmission Function:  yes/no,

Asymmetry Recalculation: yes/no,

. Error Bar: yes/no.

The acquisition parameters are stored in the hedder exérnal channel data of the correct
excitation energies are necessawith the energy data sed in the data block titled #
ColumnLabel s: energy Excitati on and ersenggy, stere V] (1
width (minimum: 0.02 eV)and nunber of cata points are generated. The new intensity values are
extracted from theriginal one using linear interpolatio@ptionally the intensities, the ring current,

the mirror current or the TEY data can be loaded. A normalization of the intensities withgthe r

current is possible. A sum curve of separate scans of the regions can be Eoedtexldefinition of

the reading options s&10.1( book aLi ne Posi ti Vasios202&8@6).Dat a For

ONoGRWNE
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3.2.1.2.6 1. Column Photon Energydecreasing/2. Column Intensity (*.*)

This input routine supports the simplest form of measurement data format> €okirhn includes

the values of the decreasing Photon energies andtieeldmn states the intensities. All comments
without aprecedig number before and after the measurement data are ignored. The characters c
delimitation are arbitrary (no point!). Thdecimal character must be a point. The acquisition
parameters:

- Name of region (comment),

- Dwell time,

- Number of accumulations,

- Pass energy

are to be provided in a separate diawgox( book aLine Posi tiiMemsien an:
2026 3.25).

3.2.1.2.7 1. Column Photon Energy increasing/2. Column Intensity (*.*)

This input routine is the same as describe8.th1.2.6but with increasing Photon energigmok
aLine Positi onisVeraian2026D3a2tt)a For mat s

3.2.1.3 AES

The AES measuring data have equidistant step widths and a monotone increasing or delKieasing
energy sale.

3.2.1.3.1 VAMAS (*VMS;*.NPL)

The VAMAS format is developed especially for chemical surface analysis with XPS. It allows
transferring standard spectra, paramdterpendent measuring series |
scans, multipoint (area) scaass we | | for further treatment
Formatsi Version2026@ 3.3). The x and y position of the recording point is available. Special
options (normalization or sum operation) of the input may be sdlectethe menu point
[Preference$ Importi VAMAS (*.VMS;*.NPL)] (see3.10.). In case of a multipoint scan the
batch parameters are generated using thang yposition (x|yfb o o k : 6Line Posit
Formatsi Version20265 , 3.13 .

3.2.1.3.2 PHI Spectrometers/Single Spectra (*.SPE)

This special different data formats (different software versions) are used fronPHie
Spectrometers (e.@?HIl 700, PHI 680 ¢é ) . The acquisition param
SOFH to line EOFH usg the ASClitext format. The intensity values are stored at the end of the
file in single or double float format. The number of bytes of the saved intensities is four or eight
times higher as the number of channels of all regibne ¢ k : 0 Li nnd DdPacFerindtsi o n s
Version2026 , 3.23).

3.2.1.3.3 PHI Spectrometers/SDPEAM (*.PRO;*.ANG ;*.MAP ;*.LIN )

This special different data formats (different software versions) of prdfiles scan®r mappings

(SDP, angleesolved measurements, etc.) ased from thd®HI spectrometers (e.§HI 700, PHI

680 etc.). The acquisition parameters are saved from the line SOFH to line EOFH using the ASCII
text format. The intensity values are stored on the end of the file in single or double float format.
The number of bytesf the saved intensities is four or eight times higher than the number of
channels of all region$(o o k : OLi ne Posi tiiVersion2026h ,B.2.DAERR®) For
and3.3.2.3 (*.MAP)).
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If the x-y points at theenergyE of a mapping have one intetysvaluel only, two additional points
are generated during the input routib@&¢ 1) =1(E)/100,IE) = I(E), I(E + 1) =1(E)/100).

3.2.1.3.4 1. Column: KE decreasing/Following Columns: Intensity(*.*)
This input routine is the same as describe8l !1.1.2%ut the kinetic energy is decreasing

3.2.1.3.5 1. Column: KE increasing/Following Columns: Intensity(*.*)

This input routine is the same as describe8ll.1.2%ut the kinett energy is increasing

3.2.1.4 RAMAN

RAMAN measuringdataarestored in norequidistantvave numbestep width The wave number
scaleis manotonously. During reading data are converted into data with equidistant stbp Mot
available intensity values are calculated by linear interpolation. Before reading the data are ordered
according to thevave numbewralues and the step width. The smallest generated step width is 0.01
eV. The input oRAMAN data changes the laball of the Xaxis to Wave numbefcm-1). All
opened windows presenting &AMAN spectrum get an intern® AMAN sign for the special
programme contrdRAMAN. The acquisition parametease adjusted to the RAMAN spectroscopy
and can be checked and chandedng the input procedure. Thequisitionparameters are:

- Laser wavelength

- Name of region,

- Comment

- Dwell time,

- Number of accumulations,

- Exposure mode

- Grating

- Slit entrance

- Initial wave number

- Finalwave number

- X position,

- 'Y position

3.2.1.4.1 S VistaControl (*. TVF)

This speciaformatis created by the software VistaControl of the company S&l. The data format
has a typical xml structure. All typical measurement types (single spectra, multi region spectra,
batchparameter measuremedty mappings) can be saved. Many (not all) acdquisi parameters
areavailabldb ook : 6 Li ne Posi ti Vaosiors0286n d18Dat a For mat s

3.2.1.4.2 S VistaControl XY Multipoint/Batch Parameter Measurement

(*.CSV)
This formatis exported by the software Wa&Control of the company S&I. The data format has a
typical csv structure (1. colummave numbers2. column: intensities). The header includes some

acquisitionparameters. In case of a multipoint measurement the numbeaonél xtcoordinates are
thesam(book: O&é6Line Posi i Varsiors20286n d283Dat a For mat s

3.2.1.4.3 RRUFF (*.TXT)

This format has the RRUFF reference specttatd://rruff.info). The header includes some
acquisition parameters and chemical information about the reference material. Wméodded
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spectra are saved in a sped@ter. DocumentgJnifit_ 2026 User_File\RRUFF RAMAN spectra
(book: OLine Posi ti Vaosiors20286n d38BDat a For mat s

3.2.1.4.4 EMCCD LabRam HR800 (*,TXT)

This format permits the loading of one spectrum of the speattemEMCCD LabRam HR800.
The acquisittn parameters must be defined manuallzge wave number has to be decreasing
(book: O6Li ne Posi ti Vaosior2028n d43Dat a For mat s

3.2.1.45 EMCCD LabRam HR800 Mapping WN Decreasing(*.TXT)

This format permits the dading of a large number of spectra of a multipoint measurement of the
spectrometer EMCCD LabRam HR800. The values of the wave numbers are saved in the first lint
(decreasing) The positions of the recording points saved, too. The acquisitin parametérbemus
definedmanuallyp ook : 6 Li ne Posi i Versiors20286n d5383Dat a For mat

3.2.1.4.6 EMCCD LabRam HR800 Mapping WN Increasing (*.TXT)

This format permits the loading of a large number of spectra of a multipoint measurement of the
spectrometer EMCCD Lal#n HR800. The values of the wave numbers are saved in the first line
(increasing). The positions of the recording points saved, tooaddn@sitionparameters must be
defined manuallyp ook : O Li ne Posi ti Vaosiors20286n d63Dat a For matt

3.2.1.4.7 1. Column: WN decreasing/Following Columns: Intensity
(*. TXT;*.CSV;*.DAT )

This input routine is the same as describe8. l.1.25%ut thewavenumberis decreasingA series
of files of a batch measurement can deded automaticallfsee3.?2).

3.2.1.4.8 1. Column: WN increasing/Following Columns: Intensity
(*.TXT; *.CSV;*.DAT)

This input routine is the same as describe8.l.1.2%ut thewave numbeis increasingA series
of files of a batch measurement can be loaded automaticallg.3ee

3.2.2 Open Project...

[File - OpenProject..] realizes the input of previously saved projects. The original fdesa

— are not necessary. The preferenagfit procedure, fit parameters and all design elements for
the newly opened windaware loaded together with the data. The charge correstget for ach
window. The global charge correction is not changed (e.g.
Unifit_2026 User_File®exampleSXPS\*.ufp; Unifit_2026 User_File¥Exercise¥.ufp).  The
windows are opened on the originaize andposition (before the project was sayeception:
image windavs) and get the same windows numbéranotherwindow hasalreadythis numbera
newwindows numberis searched. In thisasea saved quantification tabéannot le loaded.

A saved quantification table is | o aahe Bilmi f
ThicknessTabl ed i s act i v atTé&Edfunctidnh*arm)cwill he sulbystitutey byuhe e d
savedT(E) function in case the function is available in the folder U226 User_ FilesXPS
transfct. The currently used sensitivity factors¢h) will be substituted by the saved SF file in case
this file is available in the folder Unifi2026 User_Filessensitivity factorsOtherwise a message
box is opened with a corresponding information.

To avoidchangesclose all windows before openingoeoject Image windows are opened with the
original X-Y pixel format of the saved imagébooka Li ne Posi ti on$ Vesiod De
2026 4.2).
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3.2.3 Open Project Backup...

For the last five savepdrojects,a backupmay bec r eat ed aut omatically (Pr
Project_backup 5.ufp. he opti on 6Save Backup3lE&)d Thelsabkuphas t c
of the last project is named to Projduaickup_5.ufp. This menu point allows the loading of the

backup files.

3.2.4  Open ProjectProcessing Step®esignStandard Windows...

This menu point allowshe loading of previously sad processing steps (with exception of
the charge correction and interpolation operations) and desigmefedith exception of
formatted titles and annotationsyhis procedure is a combination of the Ungibject procedure
(see3.2.2and3.2.10 and the batciprocessing function (s&25). The loadegrocessing and design
operations can be applied using all standard windows with the same name asdhsimgstep
region( book aLine Posi tiiMuemsien202647). The lbaaingFobtineniagina
measurement datan beactivated n t he di al ogue 6Preferenceséd.

Example 2: The processing steps ¢$pectra: Unifit_2026 User_FilestestspectraTest44
ProcessingDesignufp, processing steps/desighest44ppd are savef theregionsSurvey, 2p,
C1s,N1s andO 1ls Two multiregion measwementsare loaded (maybe using the batfdie
loading). Ten standard windows are opdnSurvey 01 S2p 01, Cls 01, Nl1s 01, Ols 01,
Survey 02, 2p_02, Cls_02, N1s_02, Ols_02)

1.0pen t he di al og JRrefeteitesePfetereneas]capdssét thevnurhbler of the fifst
standard windowtdl, t he f it mode tClhseth8lialogGe. and 6 Rel ati v

2. Load the Unifit projecest44ProcessingDesign.ufpwith [File - Open Test Projeét].

3. Charge correction 1.493 eV of all windows with [BaRehcessing Charge Correction All
Windows...]

4. Entitle of the windows with the i t dmpléahdthe batch patameter for the sample numalkkr

regions of the measurement 1 with &éSamplje 01
4.1 Activatethe standard windowl.

4.2 [Annotation/Design Spectrum Title 1...) and the opte@All Windowsof theSame

Typeand activate the appendix O0Title + [Batch

4.3 Inputin the first edit field the titleSample.

4.4 Pres{ 0K | All spectawillbeertitedwi t h 6 Sampl ed and the cor

batch parameter.

5. Load the saved procasg and design stepdnifit_ 2026 User_FiledtestspectraTest44ppd
with [File - Open Project Processing Steps/Design Standard Windows].

6. A windowsselection dialog will be displayed. Select all windows activate the batch

processing for all windowsith [ ok |,

7. A message box appeafhe region names of the saved processing steps are shown. For a patch
processing the name of the saved processing steps and the name of the loaded region has to be
the same. Pre{ ok |for starting the batch processing df #en regions.

3.2.5 OpenTestProject...

With O0Tebti tSpiectpassi bl e to test graclisttleer ent a
— handling of the programe 44 test spectra are integrated in the softwaaekage All test
specta are saved as UNIFIT projects in the directbmyifit_ 2026 User_Filesestspectra. up.
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Saved parameter sets are available for the test spectra from TestOl to Testl2, Test13.@nd Test
from TestO1Start.par, TestGEnd.par to Testt3tart.par, TesttEnd.par, from TestlStart.par,
Testl5End.par to Test:Peakl.par, TesttPeak2.par, TestiPeak3.par, TestiStart.par, Test19
End.par Test20Start.pay Test2223-24-25-26-27-start.par, Test22nd.par, Test23.end.par, Test24
end.par, Test2Bnd.par, Te®6-end, Test2#nd, Test289-30-31-32-33-start.par, Test2&nd.par,
Test29end.par, Test3@nd.par, Test3gnd.par, Test32nd.par, Test38nd.pay Test3l-startpar,
Test3-end.pay TestH-startpar, TestdH-end.pay TestF-startpar, TestF-end.par TestB-startpar,
TestB-end.pay Test®-startpar, Test®-end.pay TestO-startpar, TestO-end.pay Testt1-startpar,
Testdl-end.pay Testl2-startpar, Testl2-end.pay Tes#3-startpar, Tes#3-end.par (directory:
Unifit_2026 User_FileYest spectra). The pegts with6 Re s u | t énd @& the narheeshow the
correct processing.
Test01:Voigt function (for testing convolution)
1 Intensity 1000, Lorentzialne width 1eV, peak position 198V, Gaussian linevidth 1 eV,
asymmetry O
Test02:Voigt function (for testing convolution)
71 Intensityl000, Lorentzian line width 18V, peakposition 190eV, Gaussian line width 0.3
eV, asymmetry O
Test03:Voigt function (for testing convolution)
71 Intensity1000, Lorentzian lingvidth 0.3eV, pealkposition 190V, Gaussiafine width 1.7
eV, asymmetry O
Test04:Voigt function with Polynomial background (for testing the polynomial badkground)
1 Intensity 10000, Lorentzian lingidth 1.7 eV, peak position 190 eV, Gaussian line width
0.3eV, asymmetry 0, background: 105+1E+0.25E
Test05:two Voigt functions + background+ noise[26] (for testing the convergence behaviour)
1 Peakl: Intensity 10000, Lorentzian line widtfY eV, peak position 198V, Gaussian line
width 0.3 eV, asymmetry O,
1 Peak2: Intensity 50000, Lorentzian line widiB eV, peak position 190 eV, Gaussian line
width 1.7 eV, asymmetry O,
1 Background: 105+1E+0.25E noise
Test06:two doublets: (for testing special parameter fixing function)
1 Doubletl: Peakl: Intensity 100Qorentzian line width ®V, peak position 281 eV,
Gaussian line width &V, asymmetry 0,
Peak?2: Intensity 700, Lorentzian line width 1 eV, peak position 283 eV, Gaussian line width
1 eV, asymmetry O,
1 Doublet2: Peakl: Intensity 800, Lorentzian line witlthV, peak position 286V, Gaussian
Line Width 1eV, asymmetry O,
1 Peak2: Intensity @, Lorentzian line width 1 eV, peak position 282 eV, Gaussian line width
1 eV, asymmetry
Test07:Batch ProcessingVoigt functions (for testing batch processing
Sputter Depth Profile with 11 stepsl, Number of sputter steps:
1 C1s: One peak 281 eV, intensity varies with z between 200 and 800 Counts,
1 O1s: Two peaks,
1. Peak 530 eM.inear intensity decreasing with z from 1000 to O counts,
2. Pak 528 eV: Linear intensity increasing with z from 0 to 1000 counts,
1 Si2p: Three peaks,
1. Peak 105 eV: Linear intensity increasing with z,
2. Peak 103 eV: With maximum of intensity at z=5,
3. Peak 101 eV: Exponential intensikgcreasing.
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Test08: Two Peakswith Shirley background[27]( f or t esti ng of modaend f un
Shirley background)
Two peaks with BV energy difference, mixing ratio 0.26WHM 1 eV, aymmetry 0
Shirley background.
Test09:PMMA [ 27]: (for testing of convergence model function: Producttype)
Four peaks, all peaks have g@me mixing ratio of 0.5 arfdWHM 1 eV:
1. Peak: Position 289 eV, intensity 16.8 %,
2. Peak: Position 286.8 eV, intensity 20.8 %,
3. Peak: Position 285.7 eV, intensity 20.8%,
4. Peak: Position 285 eV, intensity 41.6 %,
and Shirley background
Test10:PVA [27] (for testing of convergencemodel function: Producttype)
Four peaks, all peaks have the same mixing ratio of 0.5@afdM 1 eV:
1. Peak: Position 289.2 eV, etsity 24 %,
2. Peak: Position 286.6 eV, intensity 25 %,
3. Peak: Position 285.5 eV, intensity 25%,
4. Peak: Position 285 eV, intensity 26 %,
and Shirley background.
Testl1:PVC [27] (for testing of convergencemodel function: Product type)
Two peakshothpeaks have the same mixing ratio of 0.5 BMHM 1 eV:
1. Peak: Position 287 eV, intensity 50 %,
2. Peak: Position 285.9 eV, intensity 50 %,
and Shirley background.
Test12:PIB [27] (for testing of convergencemodel function: Product type)
Three peaks, all peaks have the same mixing ratio of 0.6\&M 1 eV:
1. Peak: Position 285.6 eV, intensity 25 %,
2. Peak: Position ZB2 eV, intensity 50 %,
3. Peak: Position 285.0 eV, intensity 25%,
and Shirley background.
Test13: SatellitesAl (for testing of correctness of satellite subtractiorAIK a-radiation)
Main peaka; »: 100 %, 0 eV distand® main peak ,
Satellite pealas: 6.4 %, 9.8 eV distande main peak,
Satellite peala,: 3.2 %, 11.8 eV distande main peak,
Satellite pealas: 0.4 %, 20.1 eV distande main peak,
Satellite pealas: 0.3 %, 23.4 eV distande main peak,
Satellite peak: 0.55 %, 69.7 eV distan¢e main peak.
Test14: Satellites-Mg (for testing of correctness of satellite subtractioMgK a-radiation)
Main peaka; »: 100 %, O eV distand® main peak,
Satellite pealas: 8.0 %, 8.4 eV distareto main peak,
Satellite peala,s: 4.1 %, 10.2 eV distande main peak,
Satellite pealas: 0.55 %, 17.5 eV distan¢e main peak,
Satellite pealas: 0.45 %, 20.0 eV distan¢e main peak,
Satellite peak: 0.5 %, 48.5 eV distande main peak
Testl5: Fou peaks as sum of Gaussian and Lorentzian functigrsynthetic, (for testing the fit
setting: sum)
Four peaks with a Lorentzian mixing 0.5 aneV@HM of 1 eV:
1. Peak position: 188.1 eV, peak height: 5000 csunt
2. Peak position: 190.1 eV, peak height: 500 counts
3. Peak position: 192.1 eV, peak height: 2000 counts

E

E E I
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4. Peak position: 194.1 eV, peak height: 1000 counts
plus a constant background of 100 counts.
Testl16: Convolution of a Gaussian function and square root fuion (for testing the valence
band edgefitting)
1. Gauss functionFWHM 2.6 eV
2. Square root function: zero pointlkV
plus a background of 30 counts.
Testl7: Three spectra in three windows withwell-defined intensities (for testing the
guantification procedure)
1. Window 1: spectrum from test 15
2. Window 2: spectrum from test 15 multiplied by two, energy shift: 500 eV
3. Window 3: spectrum from test 15 multiplied by four, myyeshift: 1000 eV.
Fit parameters for the spectra are saved in testl7 peakl.par, testl7 peak2.par ar
testl7 peak3.par.

Note: For a correct loading and displaying of the project TeQM@ntification_Result.ufp the
following setting has tbe used: [PreferencédPr ef er ences ], Gr o uNumided
of the first Standard Window: <12] and [PreferentedBr ef er ences ] , ouni|ft
t he s@penwithmQuantification and Film Thickness Tdble

Test18: Convolutionof theta and Gaussian functions (for testing the Ferredgecalculation)
1. Gaussian functiorFWHM: 2.6 eV,
2. Theta functionjump discontinuity3.25 eV
3. plus constant background,
4. normally distributed noise added.
Test19: Gaussian function plus Tougaard background (fotesting the Tougaard background)
1. Gaussian functiorFWHM: 1 eV, peak height: 1IMCounts, position: 102 eV
2. HomogeneousTougaard background: B = 2866 (VL = 1643 (e, Co& = #+1,
To=0eV
Test20: Two lines with 4 peaks, sum of Gaussian and Lorentzian functionsnergies:
Ga3d=104 eV, Ga2ps, = 1117eV (for testing the film thickness estimation method 1)
1. Intensities of G&8d and G&psz, correspondvith a thicknessl of about 35 nm.
2. IMFP film was calculated byiMFP = 0.103 E> "+
3. Takeoff angle was 0 degrees.
4. Thestart parameters for Ga 3p are saved in Test2Q.par.

Note: For a correct loading and displaying of the project Te§iff@-ThicknessResult.ufp the
following setting has to be usdtreferences Pr ef er enc e srjal @G.r oQlpa Mdbe nte
of the first Standard Window to 1] and [Preferenicé&sr ef er ences] , o6Uni fjt P
setting 60Open with Quantification and Fillm T

Test21:Six lines with 4 Peaks, sum of Gaussian and Lorentzian furiohs, angle variation:
0, 30,60degree (for testing film thickness estimation, method 2)

1. 3lines at 0°, 30° and 60° with a thickness 0.

2. 3lines at 0°, 30° and 6Qvith a thicknessl = 2,0 nm

3. IMFP film calculated withiMFP = 0.103£%7*°
Test22: Spectrum with 30 peaks,product of Gaussiar und Lorentzian functions, generated
synthetically, absolute parametersnormally distributed noise
- All peaks:mixing ratio G/L: 0.5, FWHM: 5 eV, asymmety: O, peak height alternate between
25000and 12500 Countgeak separatior20 eV

1. Peak:Position100 eV;height:25000 Counts,

2. Peak:position120 eV;height 12500 Counts,

3. Peak:Position140 eV;height 25000Counts
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and so on.

Test23: Spectrum with 30 peaks, product of Gaussianund Lorentzian functions, generated
synthetically, relative parameters, normally distributed noise
- Peakparametes as inTest22
Test24:Spectrum with 30 peaks, sum of Gaussianund Lorentzian functions generated
synthetically, absolute parameters, normally distributed noise
- Peak parameters as in Test22
Test25: Spectrum with 30 peaks, sum of Gaussianund Lorentzian functions, generated
synthetically, relative parameters, normally dstributed noise
- Peak parameters as in Test22
Test26:Spectrum with 30 peaks, convolution of Gaussianund Lorentzian functions,
generated synthetically, absolute parameters, normally distributed noise
- All peaks: FWHM-Gaussianline: 0.5 eV, FWHM-Lorentzan line: 5 eV, asymmety: 0, peak
heights alternate betwe@5000and 12500 Countgeak separatior20 eV
Test27:Spectrum with 30 peaks, convolution of Gaussianund Lorentzian functions,
generated synthetically, relative parameters, normally distribted noise
- Peak parameters as in Test26
Test28: Spectrum with 30 doublets, product of Gaussianund Lorentzian functions generated
synthetically, absolute parameters, normally distributed noise
- All peaksof the dublets mixing ratio G/L: 0.5FWHM: 5 &/, asymmetry: Qpeakheightsof the
1. Peaksof doublets: alternate betwe@3000and 12500 Countgpeak heights of the2. Peaksof
doublets half height of thel. Peaks,separation of doublet0 eV,peak separation of the two peaks
of the doublet:5 ev

1. 1. Doublet, 1.peak:position100 eV;height 25000 Counts,

2. 1. Doublet, 2.peak:position105 eV;height 12500 Counts,

3. 2. Doublet, 1.peak:position120 eV;height 12500 Counts,

4. 2. Doublet: 2.peak:position 125 eV,height 6250 Counts

and so on.

Test29: Spectrum with 30 doublets, product of Gaussianund Lorentzian functions,
generated synthetically, relative parameters, normally distributed noise
- Peakparametegasin Test28
Test30: Spectrum with 30 doublets, sum of Gaussiarund Lorentzian functions, generated
synthetically, absolute parameters, normally distributed noise
- Peak parameters as in Test28
Test31: Spectrum with 30 doublets, sum of Gaussiamund Lorentzian functions, generated
synthetically, relative parameters, normally distributed nose
- Peak parameters as in Test28
Test32:Spectrum with 30 doublets, convolution of Gaussianund Lorentzian functions,
generated synthetically, absolute parameters, normally distributed noise
- All peaks of the doubletsFWHM-Gaussian line:05 eV, FWHM-Lorentzian line: 5 eV,
asymmetry: 0, peak heights of thePkaks of doublets: alternate between 25000 and 12500 Counts,
peak heights of the Peaks of doublets: half height of thePeaks, separation of doublets: 20 eV,
peak separation of the two peakghe doublet: 5 eV
Test33: Spectrum with 30 doublets, convolution of Gaussiarund Lorentzian functions,
generated synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test32
Test34: XAS spectrum with 4 peaks, sum of Gassian and Lorentzian function,XAS
background, generated syntheticallyrelative parameters, normally distributed noise
- Four peaks, mixing ratio G/L: 0.BWHM: 1 eV, asymmetry: 0, energy form: Photmergy

1. Peak:position12925 eV, 1000 Counts
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2. Peak:position12945 eV, 2000 Counts
3. Peakposition12965 eV, 500 Counts
4. Peakposition1298.5 eV, 5000 Counts
- Background Mixing of error andArc tangent function4 steps at the peak positions, step height:
10% of the corresponding peak heighityHM: 1 eV, Mixing Error- Arc tangent function0.5.
Test35: XPS multipoint (area) scan with 1 peak (Si) and two components (Si and SIQ
generated synhetically, 24x24 recording points (576 spectra), convolution of Gaussian and
Lorentzian function, normally distributed noise
- One peak, two componenGP-FWHM: 3 eV,LP-FWHM: 3 eV, asymmetry: O
1. Compmentone position 990 eV, maxima of intensities at the points x=12|y=12, 12|13,
13]12, 13|13minima of intensities (¥ 0) at the points 11|11, 11|12, 11|13, 11|14, 12|11,
12|14, 13|11, 13|14, 14|11, 14|12, 14|13, 14iidar increasing of the intenigis from the
centre to the edges
2. Componentwo: position 1040 eV, minima (I=0) of intensities at the points x=12|y=12,
12|13, 13|12, 13|13, maxima of intensities at the points 11|11, 11|12, 11|13, 11|14, 12|11
12|14, 13|11, 13|14, 14|11, 14|12, 141814, linear decreasing of the intensities from the
centre to the edges
Test36: Test spectrum with two peaks asconvolution of Gaussian and Lorentzian function
generated synthetically,peakl combined with the Tougaard background generated with
IESCS TestTouA.cor and peak2 combined with TestTouB.cor (for testing the Advanced
Tougaard background for the modelling of the spectral background of inhomogeneous
samples)
Two peakswith FWHM-Gaussian line3 eV, FWHM-Lorentzian line3 eV:
1. Peak position D0 eV, peak height20000 countsTestTouA:B = 300,C = 550,C' = -1,

D =500,To=0
2. Peak position 20 eV, peak height20000 counts TestTouB:B = 200,C = 350,C' = -3,
D=500,To=0

plus apolynomialbackgrounda = 1000,b = 0.1,c = 0.001 d = 0, e = 0) and normally distributed
noise(setting Tougaard background: s2&0.J).
Test37: XPSspectrum with 5 peaks, sum of Gaussian and Lorentzian fuction, relative fit
parameters, 2 master peaks
- Five peaks, mixing ratio G/L: 0.5;WHM: 2 eV, asymmetry: 0

1. Peak: position 88 eV, peak height800 Countsmaster peak

2. Peak: positior2 eV, peak heigt: 0.5, relative to peak 1

3. Peak positior189eV, peak height600 Countsmaster peak

4. Peak positior8 eV, peak height0.666, relative to peak 3

5. Peak positiorb eV, peak height0.333 relative to peak.3
Test3: XPSspectrum with 5 peaks,product of Gaussian and Lorentzian function, relative fit
parameters, 2 master peaks
- Five peaks, mixing ratio G/L: 0.5;WHM: 2 eV, asymmetry: 0

1. Peak: position 88 eV, peak height800 Countsmaster peak

2. Peak: paition 2 eV, peak height0.5, relative to peak 1

3. Peak positiori80eV, peak height600 Countsmaster peak

4. Peak positior8 eV, peak height0.666, relative to peak 3

5. Peak positiorb eV, peak height0.333 relative to peak.3
Test30: XPSspectrum with 5 peaks,convolution of Gaussian and Lorentzian function,
relative fit parameters, 2 master peaks
- Five peaks GP-FWHM: 1.5eV, LP-FWHM: 1 eV, asymmetry: O

1. Peak: position 88 eV, peak height800 Couns, master peak

2. Peak: positior2 eV, peak height0.5, relative to peak 1
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3. Peak positiori80eV, peak height600 Countsmaster peak
4. Peak positior8 eV, peak height0.666, relative to peak 3
5. Peak positiorb eV, peak height0.333 relative to peak.3
Testd0: XPSspectrum with 5 doublets, sum of Gaussian and Lorentzian function relative fit
parameters, 2 master doublets
- Five doublets mixing ratio G/L: 0.5FWHM: 1.5eV, asymmetry: O
1. Doublet: pakl: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5, mastedoublet
2. Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doublé&
5. Doublet: peakl: positiaré eV, peak height0.333, peak2: poson: 1.5eV, peak height:
0.666, relative to doubl&
Testd1: XPSspectrum with 5 doublets, product of Gaussian and Lorentzian functionrelative
fit parameters, 2 master doublets
- Five doublets mixing ratio G/L: 0.5FWHM: 1.5eV, asymmetry: O
1. Doublet: pakl: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5eV, mastedoublet
2. Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to douét 3
5. Doublet: peakl: positiar6 eV, peak height0.333 peak2:position: 1.5eV, peak height:
0.666, relative to doublé&
Testd2: XPSspectrum with 5 doublets, convolution of Gaussian and Lorentzian function,
relative fit parameters, 2 master doublets
- Five doublets mixing ratioGP-FWHM: 0.5eV, LP-FWHM: 1 eV, asymmetry: O
1. Doublet: mpakl: position 187 eV, peak height:800 Counts peak2: position: BV, peak
height:0.5, mastedoublet
2. Doublet pe&1: position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1.8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peakheight:0.666, peak2: position: 1.8V, peak height:
0.666, relative to doublé&
5. Doublet: peakl: positiaor6 eV, peak height0.333 peak2:position: 1.5eV, peak height:
0.666, relative to doubl&
Test43: XAS spectrum with 4 peaks,sum of Gaussian andLorentzian function, XAS
background with 4 steps,2 master steps and relative fit parameters
- Fourpeaks, mixing ratio G/L: 0.%;WHM: 1.5eV, asymmetry: O
1. Peak: position1292.5 eV peak height1000 Counts
2. Peak: position2 eV, peak height2, relative to peak 1
3. Peak position4 eV, peak height0.5, relative to peak 1
4. Peak position6 eV, peak heights, relative to peak 1
- XAS-step background with four steps
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1. Step position 1292 eV stepheight: 100 Counts E-A mixing: 0.4, FWHM: 0.8 eV, master
step
2. Step position 2 eV, stepheight:2, EEA mixing: 1, FWHM: 1, relative to step 1
3. Step position 1296 eV, stepheight: 200 Counts E-A mixing: 0.6, FWHM: 1.2 eV, master
step
4. Step position 4 eV, stepheight:1.5, EA mixing: 1, FWHM: 1, relative to step 3
Testd4: 10 spectra for testing the *.ppd files
- Tenspectra saved (Survey 01, Survey 02,5001, Ols 02, Cls 01, Cls 02, 2p 01,
S2p @, N1s_01, N1s_02 (twadenticalmulti-region measurements)
- Corresponding file: Test44.ppd

3.2.6  Open Wagner Plot...

% The data base of Auger parametatsgrated in UNIFIT2026can bdoaded andplottedwith

the menu poin{File - OpenWagnerPlot..](see Fig. 7). The plots can be annotated (see
3.7.19 and the data bank can be changed and expdsded.7.15andb ook alLi ne Pos
Data Format$ Version20266 b . 1

3.2.7 Openlmage...

[File - OpenImage] realizes the input ofmages and picturesAll common formats are
supported (*.bmp, *.wmf, *.tif, *.jpg, ...). The software UNIFIT offeno image processing
tools. The loaded image can be saved in a UNIFIT project, printed out, copied via clipboard anc

exported.
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Fig. 7. Chemical state plot (Wagner plot) of the Auger parameters of As 3d + As (L3M45M45),
project: Unifit_2026_User_Files\examples\Specials\As_Wagnerplot.ufp, inserted into
this documehRawtia foOlCoptyiandWordof UNI FI T

3.2.8 CloseAll Windows

[FileT Close All Windows] closes all opened windows. If a window aksed, all fit
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parameters are deleted and the software controlling flags are restored. The region names in the
dialogue [Fiei Select spectra] are kept. Before the window is closed the projects can be saved.

3.2.9 CloseAll Standard Windows

[FileT CloseAll Standard Windows] closes all opened standard windows. The 3D windows

and parametewindows remain open. If a window @$osed,all fit parameters are deleted and
the software controlling flags are reset. The region names in the dialoguk felect spectra] are
kept. Before the window islosed the projects can be saved.

3.2.10 Save Projet

All activities (e.g. Pealfit, Differentiation, Smoothing, etcof all opened windowghidden or

visible) can be saved together in one project. If a pragsaved, the measurement dated
the temporary processing files (*.daf)the Unifit_2026 User_Fileemp folders (tempi1temp60)
arecopiedadditionallyto thefolder with the same name. The results of a quantitative analysis and
film thickness estimatioare stored automatically by savingrajpct. The saving of processing and
analysis steps by projects is a simple way to archive the results. (Example: Project \naste: *
project.ufp, name of the directory of measurement dafiest projedt.*). Before the project will
be saved a backugan bestored (e.g. Project_backuhufp). The preferenceoptioné Save Backup
Filesd in the dasdobeactivdlad (s8€i0t). Pr oj ect s 0

3.2.11 Save Projecta s é

G ave Pr ogloevxsaving &changed project using a different project name. An icon for that
menu point is not available.

3.2.12 SaveProject Processing Steps/Design Standard Windows...

All activities and design featurg®.g. peakfit, differentiation, smoothing,colour, etc.) of all
openedstandardvindows (hidden or visiblexan be saved together in opeocessingdesign
file (*.ppd). The saving of processing adésignsteps is ajoodway to generate templates for the
applications using sif@r analysis problemsThe charge correction, formatted titldermatted
annotations and interpolation operations are not sé®efibre thefile will be saveda windows
selection dialogue is opet It is notpossible to save processing and design steps of windows with
the same namd&he default folder of the *.ppd files is UnifR026 User_FilegMy Unifit Project
Processing Steqsb ook alLi ne Posi ti Vasios20286449. Dat a For mat s

3.2.13 Export Image Active Window (400 dpi)...

This menu point allows the easy and quick export of the resuléstéat processing oma
presentation software. The active window is converted to a generally used image format
(formats: jpg, bmp, gif, emf etc.). The selected resolutisee3.10.) is displayed additionally
(monitor resolution400, 600, 800, 1000, 1200 dpi). The form of the windowoischanged. The
guality of the exported image depends on selected resolution and used data format 8see Fig.

3.2.14 Export Images All Displayed Windows (400 dpi)...

This menu point &ws the easy and quick export of the resulta tiext processing ol
presentation softwaref all displayed windowsAll displayed window are converted to a

generally used image format (formats: jpg, bmp, gif, emf etc.). The selected resaag8ri(.]

is displayed additionally (monitor resolutiod00, 600, 800, 1000, 1200 dpi). The form of the

window is not changediFor a following generation into an animatedegentation (software:

gifanimator.exe) the image should have the extension *.gif. Thengun3.11.12is an appropriate
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preparingtool of the Unifitwindows before the export isnade. The image names have the
structure: Seletedname+ 0 0+ windowsnumber (five  digits, e.g. GaAs_00001.gif,
GaAs_00002 g i )f , é

3.2.15 Export Images DisplayedWindows (400 dpi)...

This menuitem corresponds to the merdi2.14 However the selected windows are exported
2 only. Example 3 illustrates the export of all displayed windows and the generation of a
animated g#file. The animated gifile can be implemented in a PowerRtgiresentation

Example3: An animated gifile of a longtimestability measurené has to be created.he
animated gifile can be implementedtma PowerPoint presentatiorll processingtepsfor
the preparation and the export thfeimages othe Unifit-standardwindowsare given.(project
Documents$Unifit_2026 User_File§example$§XPSStability-MeasuremenCu2p31100
SpectraMono-Sourceufp). Set thepreferenced Ma x iNamdbér of Presentable Parameter
Steps I nsidetoPl8r amet er Pl ot 6
1. Load the Unifit projecDocument$Unifit_2026 User_FilesexampleSXPSStability-
MeasuremertCu2p3-1100-SpectraMono-Source.ufpwith [File - Open Project ].
Following windows ee displayed:
-one OPar ®dwrgldwe r Pl ot
-onPlotdD Wat erwindowl 45A06
-f o lCru 2 @t&ndardsvindows with a peak fit of orgeakfit component.
2. Change the nuber ofthedisplayedSandardWindowsfrom 4 to 137 with:
- [Windowsi Hide/Show Standard Windows]
-Selecth Show EStaadargWisn d o wd
- leave the dialogue wif_ 0K |
3. Rearrange the windows witbeactivate the option [WindovisAutomatic Resize
Deactivatedl andactivate[ Windows Cascade],
4. Change the streling factor of the intensity scale for all displayed standard windows to a
uniform value with:
- [Windowsi Show Window¥ideoSequende
- Select all Windows and deactivate windows one and two
- leave the windowselection dialogue wit[ 0K ]
-Thed al o g u Windo@sWideavSequemd [Moé opened, the setting is:
1. OFrame Dwell Time in ®econdso
26Same Position of W ndoAetvvateels Acti vie W
3. éWiarmdow Size as Act i vActivitedh do wb
4. O0Same tSemsiinyg AXi $ nof Ac®atedndar d W) nd

5. 6Same Scaling of [Int eDeaciivitsd Axi s |of
- leave the dialogue wif__ 0K |

- After a rescaling of the intensity exa windows video will be showrhe question
appears:Windows sequee is finishedOriginal intensity scaling of thevindow® Press
Cancel |
5. The batch parameter defines the time index after the start of the measurement. Create

spectruntitles using the spectrum titldys the batch parametgfor all standard windows
with:

- [AnnotatiorDesigni Spectrum Titl e 1¢é&]

- Write in the edit field: Time Index

- Frame: Without

- Windows: Al Windowsof the Same Typd@ctivated
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- Appendix:Title + Batch ParameterActivated

6. Presd 0K . The time index is displagtén all standard windows.

7. Export the images of all standard windo(msthout theParameterPlot Window (window1)
andthe 3D-Waterfall 30°Window (window 2))with [Filesi ExportimagesDisplayed
Windows(400¢ ] The di al ogue @fead. Setedt allWindowsovitite 6 a
windows 1 and A.eave the dialoguewil ok | The 6éSave Datad dj al ogl
Select thdfile type*.gif and thefolder
Documents$Unifit_2026 User_File§AnimatedGIFsThemainname othe files isCu2p3. The
batch-file numbers are generateditomatically The export process takes some minutes.

8. After saving the project theNUFIT programme can be closed. The animatedilgifis
generatedising the software
Documents$Unifit_2026 User_File§AnimatedGIFs\gifanimator.exe

9. Open the foldeDocument$Unifit_2026 User_Files§AnimatedGIFs Arrange the
Cu2p3_xxxxx.giffilesin that way, that the file with theighestbatchfile number is above
(Cu2p3_01136.9)

10. Start thegifanimator.exe Marke allCu2p3_xxxxx.giffiles and take the top file

Cu2p3 01136gif with the left mouse button and mared loadall gif files to the
gifanimatorvia drag-and-drop.

11. Operation steps using the gifanimator.exe:

- Mark all imported images

-Definethed ur at i on wiuration (H100rs329 & 0.2 seconds)

- Save the animated gif files with na@e2p3Animated.gifwi t h 6 Save asq@
Folder: Document$Unifit_2026 User_File§AnimatedGIFs

- Close the gifanimator.exe

12. Loading the amatedgif file into the PowerPoint presentation:

- Open the PowerPoint presentation

- Load theCu2p3Animated.gifi n t he pr es e n tDartoipo nF uvnicat itohned GoDr
6CoPyte Functiond

-Usenott he funcitlmage® 61 nsert

3.2.16 Copy ImageActive Window (400 dpi)

This menu point is equivalent to poi@t2.13 however,the created window presentatien

copied to the clipboardrhe saved image can betted using Word or PowerPoint with the
cal l ePRps8walbs (i nserted via OlReaesdtluticicanibaseleckeda d o c L
di al ogue OPB&))erencesd (see

Note: If the graphics are exported incorrectlyan change the monitor settingadoT r ue Cal our
bit)oé wusing the syst ExportdmagetWindogv (Cody) PVdisrnt ceo wisu.n cTt h e
with an image resolution of 800, 1000 and 1268dha main memorpf 1 Gbyte or more.

3.2.17 Export Data Active Window...

The menu item [File ExportDataActive Window..] enables the comfortable transfer of data

to conventional scientific graphic and spreadsheet programmegin@ Excef...). The
curves calculated and processed in UNIFIT are exported in ASCII columns. The first column
contains the energi&gavenumbers The incorporation of untreated spectrum, processed spectrum,
background function, satellitbackground, and after a peak fitt components, sum curve and
residualin additional columns can be arranged in a dialogue box.
A) Activated Standard Window: It is possible to normalize the data before@tpg. The value
for normalizationcan be chosen arbitrarily. The following values@venfor orientation:
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1. Maximum of the processed curve or

2. Maximum of the sum curve or

3. Maximum of components 1 to N.
The normalization is activateeln | vy i f t he ¢ h'gdc,k tbroixg geea retda ibnys
mouse button when the pointer is above the Baxthermore, the exported data can be modified by
adding a constant to all columiss ee book O6Li ne PosiiVersiomd020 ,an d
4.1.1.2).
B) Activated 3D Waterfall 0° Window:

1. column: energyvavenumber (step width: smallest step width of the embedded single

spectrum),
2. column: intensity,
3.column: intensity, &
Not available intensity values are interpolated linearly. All intensijyues have an offset
corresponding to the 3D Waterfall OA preéesen

Version2026 4.1.1.2).
C) Activated 3D Waterfall 0° Plus Window: Example illustrates a plot of two fitted spectra with
two components anfittable background:
1. column: energyvavenumber (step width: smallest step width of the embedded single
spectrum),
column: intensities of the 1. component of spectrum 1,
column: intensities of the 2. component of spectrum 1
column: intensities of the suourve of spectrum 1
column: intensities of the background of spectrum 1
column: intensities of the spectrum 1
column: intensities of the 1. component of spectrum 2
column: intensities of the 2. component of spectrum 2
9. column: intensities of the sum curvespectrum 2
10. column: intensities of the background of spectrum 2
11.column: intensities of the spectrum 2
Unavailable intensity vales are interpolated linearly. All intensity values have an offset
corresponding the 3D Waterfall 0° Plus presentation (see®dok ne Posi ti onk an
Version2026 4.1.1.3).
D) Activated 3D Waterfall 45° or 3D Waterfall -45° Window: The 1.Row includes the labelling
of the columns (Energyatch Parameter Spectrum 1, Batch Parameter Spectrum 2 etc.).
1. column: energiyvave number (step width: smallest step width of the embedded single

©ONOORWN

spectrum),
2. column: intensities of the spectrum 1,
3.column: intensities of the spectrum 2, &

Not available intensity values are interpolated linearly (seeQkigdm ok &6 Li ne Posi t |
Formatsi Version2026 4.1.1.4).
E) Activated Parameter PlotWindow: The 1.Row includes the labelling of the columns (Energy,
Names of thenalysedines).

1. column: Batch parameters (angle, putime),

2. column: values.
Pl ease see book OLiI né&Vdsoms20264.bIn5s and Data For
F) Activated Wagner Plot Window.

1. column: binding energy of the photoelectron line,

2. column: kinetic energy of the Ayer line,

3. column: Auger parameter,

4. column: Name of the chemical compound
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Pl ease see book OLi ne&Vdsos20264.bIn65 and Data For ma:
G) Activated 'XY 3D Plot 45%, 'XY 3D Plot -45%, 'XY Colour Profile’, 'XY 3D Plot 45° Colour
Profile’ or ' XY 3D Plot -45° Colour Profile' Window: The 1.Row includes thevalues of the Y
axis (equidistant steps).

column:Values of the Xaxis (equidistany,

column 2. row max/minintensiy or peak areaf thespectrum recorded at point 1|1,
column:2. row:maxmin intensily or peak areaf thespectrum recorded at point 1|2,
column:2. row:max/minintensity or peak areaf thespectrum recorded at point 1|3.
column 2. row max/minintensiy or peak areaf thespectrum recorded at point 1|4...
column, 3. ow: max/minintensiy or peak areaf thespectrum recorded at point 2|1,

. column, 3. row max/minintensily or peak areaf thespectrum recorded at point 2|2...
(see book OLiIi ne PoisMersiond0264.149H).d Dat a For mat s

WN oA WN e

14,0 N T T T T T

——— Spectrum
S 2p Background
Components
Sum Curve
Residual

114

88

6,2 +

Intensity / kCounts

36

176 173 170 167 164 161 158 155
Binding energy / eV

1 P LAV M [N \f'L A

_______ N L A N O V.V WY A LY AV W T ALY A rZ \N
i | ‘I‘h_,\bv.\f\, iﬂq‘ \;‘.‘r\n“‘, UN l\:\; I‘"LV“-F‘V’]/“\?\ '\; A—fL \—I ;f l j(k \N‘r ‘:\7 ‘v\ #- 1

R(E)

Fig.8. S2p spectrum (project: Unifit_2026_User_Files\examples\XPS\S2p_peak_fit.ufp)
inserted into t hiisPadsaceu nieunntc tviioan 66 @ofp yUNI FI T an.

Note: The programme UNIHAI reads data files from measurements vmtany different formats.
Therefore, the export routines can be used as universal converting programme.

3.2.18 Export Data All Standard Windows...

. The menu item [File ExportDataAll Standard Windows.] enables the comaftable transfer

of dataof all standard windows as describedi2.17 The data set of every window is saved
in a separate file. The windows number and the region name is integrated inte tierfe (e.g.
four spectra are loaded in the windows(£1s), 22 (O1s), 23 (N1s), 24 (Si2p), the file name was
selected to 'Data’, the generated files are: Data_21 Cls.dat, Data 22 Ols.dat, Data 23 N1s.dat,
Data_24 Si2p.dat).

3.2.19 Export Data Standard Windows...

The menu item [File ExportData Standard Windows] enables the comfortable transfer of
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dataof the windows selected before as describe®l2nl7 The data set of every selected window is
saved in a separate file. The windows number and region name is integrated into the file name (e.
four spectra are loaded in the windows 21 (C1s), 22 (O1s), 23 (N1s), 24 (Si2p), the file name wa
selected to 'Data’, the generated files are: Data 21ld&1fata 22 Ols.dat, Data 23 N1ls.dat,
Data_24_ Si2p.dat).

3.2.20 Print Active Window...

The submenu [Filel Print Active Window..] allowsthe printing of the active window. As
selected in3.2.23 the spectrum can pked on the full or half pagés an option, the result of
a concentration determination may be placed on the lower half of the printoutf pgereference
option 'Display Setting ===> Printer Setting' (s&40.) is actvated then e window will be
printed as displayed. In case of a fitted spectrum the fit parammetgrbeappearoptionallyon the
hardcopy (see Figl0Q), the printing of the acquisition parametensay be arrangedtoo. If the
preference option 'Display Setting ===> Printer Setting' &6.) is deactivated the design of the
printout may be defined separately. If a WagRkt window is printed out, the auger parameters
can be plotted, too.
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Fig. 9. Example (project: Unifit 2026 _User_Files\test spectra\Test07.ufp) of a 3D-Waterfall -
45° presentation of the Si2p spectra, i nserted into this Pasecume
f unct i onDandWordltiNde pdrameter-dependent test functions with 11 steps, z
I series parameter:

1. Function: 1,(2) =1000@xpf 2), Eo= 101 eV

. 1
2. Function: 1,(2) =10000———, E, = 103 eV,
1+(z- 5)

3. Function: 1,(2) =100, E, = 105 eV

Note: The previously applied modef data export (active window, all windows, or selected
windows)is openedstarting theprocedure by the icon.
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3.2.21 Print All Displayed Windows...

The submenu [Filei Print All Windows...] allowsthe printing of all displayed windows. The
design of the pringing out can be defined(see3.8.11and 3.10.]). The defired presttings
(3.2.23 are vaid for all printed window.

3.2.22 Print Displayed Windows..

The submenu [Filei Print Windows..] allows the printing of before selectedspectra
windows. The design of th@inting out can be defined(see3.8.11and3.10.)).

3.2.23 PresettingPrinter...

This submenu offers five options for the definition of the printing out of the spectra:

1 Window plusAcquisition Parameters
1 WagnerPlot Window plus Auger Parameters

1 Window plus Fit Parameters

1 Window plus Quantification Table

1 Two Windows on One Page or On the Half Page

The quantification table (if available) is printed out after the printing of the last wir{des
3.10.).

3.2.24 Select Spectra...

The subroutine[File - SelectSpectra...] allows the generation of standard windows including
— the selected regions. The standard windows can be created liddesible. The button
Hide Standard Windows | activates the corresponding dialogigee3.11.9. Different selecting modes
are offered. Several regions can be selected simultaneously. If a second spectrum will be marked
and the shift key is pressedien all spectra between the first and second marked spectrum are
selected. For processing spectra of different data files, please, act as follows:
1. Open the first data file.
2. Select the desired regions, the standard windthas$ contain the selected spectaae
generated (hiddeor visible)
3. Open the second data file
4. Selectthe desired regions standard windows which contain the selected spectra from the
second data set are generated and so on.
The programménternal peak name can be definednmally. The following options are offered:
Spectrum name without extension (single and nratfion measurement, e.g. Si 2p, O, 1s)
spectrum name with batch parameter (SDP, ARXPS, e.g. Si 2p_60)
spectrum name with-axis (xaxis line scanSi 2p_100)
spectrum name with-gxis (yaxis line scan, Si 2p_150),
spectrum name with -a&xis and yaxis (multipoint measurement, mapping, e.g.
Si2p_100|150),
6. spectrum name with batch parameter;axis and yaxis (SDP mapping, e.g.
Si2p_60|100|150).
The region names of the data file loaded the latest appear in the box 'Select Spectra' until you
proceed to an operation for a region originating from another data file which requires the original
data, like [File- OriginalAccept Preferencgs[PeakFit - lteration] or [File- Export Data...]. The
content of the 'Select Spectrum' dialogue will be refreshed.

abrwhE
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Peak name US Data File: _2024_User_Files\My Unifit Projects\Test Project\example.tap Unifit for Windows
Initial Energy: -13.4 eV Final Energy: 945.8 eV Analyzer Mode: FAT
Pass Energy: 50 eV Dwell Time: 0.4 s Excitation Energy/eV: 14866 eV
Points: 1200 Accumulations: 1 Lens Mode:
Step Width: 0.8 eV Charge Shift: 1.49 eV Date: 29.04.1998 08:55:30 \. W
Comment: ******** Version 2024
27.00 [~ ! 1 ! I ! | ! 1 ! I ! I ! I ! | ! I J | e =
Surve Cis
2160 [— —
| O1s B
£ 1620 — —
2
<]
Q
-
- L -
=
0
3
£ 1080 - W —
A A A Ay PR 28 S2p
540 — -—
S sl Rl meltls i il il i S Sesiiasl Sssiraiisiio S sl Sl Sl Sl wii S el sl
960 870 780 690 600 510 420 330 240 150 60 -30
Binding Energy / eV
14.00 [~ ' J ! I ! I ' I ' I ! I ' = Unifit for Windows
11.40 — = Version 2024
Peak name
B s2p
F2] Data File:
S 880 —] ectiexample.tap
3 Excitation Energy/eV:
f_ N h 1486.6
= Start-/End Energy:
@ 156.6; 176.5 eV
2 620 — Analyzer Mode:
= ; 208V
| J Dwell Time:
1s
Points:
360 = -1 200
Accumulations:
L i 3
Step Width:
0.1eV
1.00 = 1 1 1 1 1 1 1 1 1 1 1 1 1 — Charge Shift:
176 173 170 167 164 161 158 155 | 1.49eV
Binding Energy / eV Lens Mode:
Comment:
_ 1 PYPtoven
W Date:
@ -1 29.04.1998 08:55:30
Fit Parameters Doublet/Convolution/Relative
Doublet Fix Peak height Fix Gauss Fix Energy Fix Lorentzian Fix Asym FWHM  abs. Area rel. Area
1”n 0 91505 0 1.579 0 164.0822 0  0.50294 1 [} 1.866 19942 0.552
112 1 0.5 1 1 1 1.2 1 1 1 0 1.866 9972 0.2761
21 o] 0.14145 1 1 0 4.2412 0 293064 1 0 2,511 4149 0.1148 Chi** = 1.037
212 1 05 1 1 1 1.1999 1 1 1 [} 2.511 2062 0.0571 Chi* = 194.9
Fit Background: a= 1761.3198 b=-1.3221¢c=0.033d=0e=0.0003B=0C=1643C'=1D=0T0=0 Abbe = 0.799
Fig. 10. Plot produced by UNIFIT, project:

Unifit_2026_User_Files\examples\XPS\sulphur_study.ufp, spectrometer: VG ESCA3,
top: survey spectrum with acquisition parameters, bottom: fitted spectrum with sum
curve, components, residual, acquisition parameters and fit parameters
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Example4: A data file containing @s, Ols and survey is loaded and displayed in winddw 1
13. Afterwards a second data file withZpi, N1s, and C2p3 is loaded and presented in window
14 - 16. The[File - Select Spechj dialogue box contains the regions of the second data (file.
During the processing of the I3 signal, you have to return to the original spectrum. Carrying|out
the option [Filei Original/Accept Preferences Active Windowhe regions in[File - Select
Specta] will be substituted by the content of the first data file.

3.2.25 Select Blocks...

This menu option is created for loading paramdegendent measuring series saved in

— VAMAS, PHI (*.SDP), PHI (*.AN3) or PHI (*.MAP)formas. The regions (e.g. O 1s, C 1s

...) recorded at different conditions (angle, sputter time) can be selected as batches after loading.
After batch choice, the single spectra can be selecigdlén- Select Specti]. The names cors

of the batch name (e.g. I3) and the corresponding parameter (e.g. 10 min sputter@id® 10.

3.2.26 Original/Accept PreferencesActive Window

This option allows to undo all processistepsand to redisplay one regin in its original

—= form. The corresponding file will be H#eaded. Therefore, do not remove the disk with the
experimental data! With[File 7 OriginalAccept Preferences ActivaVindow] individual
preferences of the window are deleted and the current @neteof the programme will be loaded.
[File i OriginalAccept Preferences Active Windbweletes also the preference of the peak fit of
loaded projects. The active window accepts the current preferences of the progiesige.
sdtings are not transferred@he charge correctioof the activated window (selected with [Modify
Charge CorrectiorActive Window]) is not changedAlso, the charge correction valid for all
windows (selected withBatch Processinfy Charge Correction all Windows]) is not changed.

3.2.27 Exit...

%] The programme can be closed using the menu function-[Eié...]. The preference (except
= for the charge correction) will be saved aomatically (Path of thedefault presettingfile:

Document®Jnifit_2026 User_File¥presettingPresetting.set)
3.3 Modify

This menu contains the options to modify the measured data in many ways.

3.3.1 Undo

[Modify - Undd allows the user to take baockehundred processing step This callis active

for all window types Not supported are: i) Wagn@lot operations, ii) operations at the
estimation of transmission functions, iii) wliows operations (ols e , C B batclpaessing
operations.

3.3.2 Programme-Internal Copying

A spectrum including all data can be copied even after several modifications and/or peak
fitting with [Modify T ProgrammaenternalCopying] and pasted into UNIFITonly. The export

of the image of the activat edPastitWindowsfunctiagndo t h e

other programmes can be done with [Fil€opyImageActive Window (600 dpi) (see3.2.19 or

theequivalentpop-up operabn.
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3.3.3 Programme-Internal Insertion

This option reloads aspectrum, whichhas been saved by tipgogrammenternal copying

routine into UNIFIT only. A new window is opened automaticalycombination of both
commarnls 3.3.2 and 3.3.3 offers the popup call [PopUp - Programmdnternal Copying +
Programmadnternal Insertion]

Note: A simultaneous usage of the software UNIR2026is possible One user can exewuthe
software ten times. The functiongModify 7 Programmednternal Copying] and [Modify i

Programmadnternal Inserton] can also be used to transfer the spectrum and processing data of a
standard window from one activated UNIFIT programmentiifger aatvated UNIFIT programme.

3.3.4 Charge Correction Active Window...

This option displays a dialog box, which allows the >axis of the active window to be
—= shifted by any value in order to compensate for sample chargiegtee®f norconducting

sampl es. Di spl ayed i s Achtei vseu nWi onfd oow@h arl gues @GoCx
Wi ndows 0.

Note: For shifting energy scales in alt electedvindowsuse the menu [Batdhrocessing Charge
Correction all Windows] (see3.5.10r 3.5.9.
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Fig. 11. Screen shot: Test08-test spectrum with constant, linear, Shirley and Tougaard
background, project: Unifit_2026_User_Files\examples\XPS\Backgrounds.ufp

3.3.5 Correction with IERF: ESCALAB220_MONO_LAXL_50EP.trm

This menu allows the correction of the spewgtith the currently loaded tramission function
(IERF). The loaded IERF is displayed simultaneously (example:
ESCALB220_MONO_LAXL_50EP.trm, Spectromet&urce_Lense mode_Pass energy).
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3.3.6  Calculate Background

This submenu performs background subtractionive fdifferent ways before starting the peak

— fit routine. Asixth possibility of baseline treatmenthe inclusion of the background function

in the iterative peakit procedure- is described . If the background was alreadybtracted once

and Modify - Calculate Background] is selected again, the previously calculated background is
added to the spectra automatically.

The background can be calculafeain thestartpointto theendpoint of the region. The number of
points toaverageover to obtain the stagioint and endpoint for the background is defined in
[Preferences Pr ef er ences| and t he Bomts éorAegerageand gan bemme p :
changedlirectly with ' Points to Average .

After re-evalwation of the background using modified parameters for calculation (iteration with
Shirley algorithm, new parameters with Tougaard type background), the old and new baseline is
displayed to show changes.

4
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Fig. 12. Screen shot: Au 4f spectrum, Au 4f spectrum minus Shirley background, Au 4f spectrum
and excitation satellites, and Au 4f spectrum minus excitation satellites, project:
Unifit_2026_User_Files\examples\XPS\Satellite_subtraction.ufp

The calculated background can either be displayed additionally to the spectrum v Plot
button or subtracted from the experimental data without any difference for further
processing steps. The satenu can be closeditiv| Cancel , keeping the spectrum unchanged. The

peak area displayed in the dialogue box after

of the option selected in [PreferenéeBr ef er ences] and +tAkisd The eptioar a | p
60 Bac k gxPSQ ufaonrt . Ri ght Mouse Buttond -rsoedebuttdtns t he
operations. By activating the option O6Setting:

can be used for all standard windows without using the fatatessing cedure.
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3.3.6.1Constant

The constant background subtracted from the displayed region is equal to the ihtEgs(tyigh
energy side marker (XPSee Figl11) or low photortenergy side(E;) (XAS).

3.3.6.2Linear

This function calculates a linear baseline between gtant and endpoint of the spectrum (see Fig.
11). Select Subtract | or| Plot  to accept the baseline or click { Cancel  button to returrio the
main menu.

3.3.6.3Shirley

This item calculates a constant baseline between start and end point of the spectréig.($8es
Select| subtract | or | Plot | to accept thebackground functioror click the| Cancel button to
return to the main menihe baseline can be-calculated with  New . Additionally, an iterative
procedure can be applied to the Shirley contribution | Iteration |,

Note: The Shirley background should nw appliedto signals with intrinsic asymmetry armdnnot
be used for survey spectra.

3.3.6.4Tougaard

A Tougaard background will be calculated in the defined range or between the start and end point
of the experimental spectrum. To adjust the background on the spectriBrmp#ramete can be
changed automatically. For the first calculattbe parameters agiven by:C = 1643 (eV, C &

+1, D = 0 (eVY, To = 0 eV. After changingB, C, C oD or T, the background function will be
calculated and displayed wit Preview (see Fig.11), while B is shown in the dialogue box. By
changing the parameters with the up and daentrols, the new background is displayed
automatically. The step width is 10 for tBeCandD parameters and 0.1 for tk2 parameterThe
gapenergy parameter is defined; O The created inelastic electron scattering csEsgion

E) KKE,T) can be saved and loadgdcro). The inelastic electron scattering cr@sston can be
plotted using menu poilx.7.18

Note: The Tougaard background is especially suited for signals with intrinsic asymmetry and can be
usedalsofor survey spectra.

3.3.6.5Polynomial+Shirley

This menu item produces the background as a sum of a third order polynomial and the Shirle
function. The first calculation considers all parts equally. Than the contribution of linear, square,
cubic, and Shirley function can be modified by the tlseyugh changing the parametérgc ,a ,6

ande .6The parametea @ fixed at the minimum of the experimental spectrum. The baseline can be
calculated with the changed parameters \ New . Additionally, an iterative procedure can be
applied to the Shirlegontribution with Iteration |,

Note: The previously appliedbackground calculation (constant, linear, Shirley, Tougaard,
Polynomial+Shirley)s openedstarting the procedutgy the icon.

3.3.7 Subtract Background

In case thebaseline has only been displayed in the -s#mu Modify - Calculate
— . Background], it can be subtracted from the experimental spectrum at any time.
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3.3.8 Subtract Satellite

@ This menu item allows removing-My satellites fronthe spectum of the active window or
from the spectra of all windowsoduced by nomonochromatic Al or MgK, sources if the
experimental spectrum contains the corresponding primary signal. Energy differences and intensities
of the satellites can be editeddanhanged by the usewith [Preference$ Preferemcdsthe
di al ogue O6Pr ef eragoapd & o w iallows thé definitignof thelsatellites of
four different excitation sources. The correct subtraction islyopossible if the primary peak is
included in the measured spectra. A rough background correction must be performed before the
satellites can be subtracted as follows:
Method 1 (with Shirley background):
1. Open and display experimental data and activaevihdow,
2. Select [Modify- Subtract Satellite...] anclick[ ok |,
Method 2 (with individual background):
1. Open and display experimental data and activate the window,
2. Select [Modify- Subtract Satellite] and clid__ 0K | (see Fig12),
3. Select [Modify- Calculate Background Shirley] (the background subtracted in 2. will be
re-added and can be-defined,
4. Click for subtraction of excitation satellites and Shirley background (sed Eig.
bottom right) ori in preparation of an iterative calculation of the background function
during the peak fit Ccancel for subtraction of the satellite only.
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Fig. 13. Screen shot: Testl1-test spectrum: 1. derivative, 2. derivative and mirrored 2. derivative
(points to average: 3), project: Unifit_2026_User_Files\examples\XPS\Derivatives.ufp

3.3.9

Reduction

1. Load and display the spectrum,

This item allows the reduction of the endwggve numberange ofthe current display. The
reduction limitsmust have been previously defined by range markerS83(8e&teps:
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2. activate a window for spectrum process

3. move the mouse pointer to the left enénggvenumberlimit and press the left mouse
bottom for selecting the low enefgyave numbeside (vertical dashed line appears),

4. move the mouse pointer to the right enérngywe numbelimit and press théeft mouse
bottom for selecting the high enefgnavenumberside (second vertical dashed line appears,
pressing theight mouse bottonthe popup menu appears and us
Reduct i awonéw markess@an be selected)

5. If the two rangemarkerlines are displayed, then the lines can be shifted by pressing and
moving the left mouse button.

6. With [Modify i ReductionjJorthe popu p me nu f un c tthespectronRoardbe c t |
reduced.

With the popup operatiod Re mo v e R e d the reduatiormatké limes sad be removed.

3.3.10 Expansion

This option can be used to undo spectrum reductiontarréstore theprevious spectrum
— display.
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4 sE =] [ s EE
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Fig. 14. Screen shot: Dialogue for the normalization of spectra

3.3.11 Differentiation

@ [Modify - Differentiation] performs a differentiatiofsee Fig.13). Define the number of
points to differentiate over in [PreferencesPoints to Average] or with the direct call
Points to Average . The point number of the averagimpgocedure (se&.10.1.) is displayed and
should be 0.7 times the number of points measured in the rangeH)MH®!. In order to realize a
quantification of AESspectrausing the peako-peak values, the value MaMin are generated and
available in the quantification routn&y acti vating the option 0S
differentiation can be used for all standard windows without using the-pedchssingrocedure.
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Example5: FWHM Peak: 1.0 eV with step width: 0.1 eV, e.g. number of points FWHM: 10, number
of average points (0.7 times HWHM, rounded dowr{se® Fig.13)

3.3.12 Integration

[Modify - Integration] performs an integral spectrdrom the right side to the left (XPS,
SN increasing binding energy) and from the left side to the right (XAS, isicrg@hoton energy).
This menu point is important for the analysis of XMCD spectra.

3.3.13 Mirror on X-Axis

To display the negative second derivative of a spectrum, it can be useful to mirror the
processed spectrum at the abscissaRgpd3). Sharp maxima result where the experimental
spectra has peaks or shoulders allowing a separation/identification of peak energies even in the case

of small separation between the components.

3.3.14 Smoothing

M The menu option [Modify Smoothing] allows to improve the sigralnoise ratio

mathematically. Define the points to smooth over [Preferehd&®ferencesin the dialogue
OPr ef er en dPeitsho Aeerag ort withethe @irect cal Points to Average . The number of
points should be 0.7 timelse number of points measured in the rangeWwHM (see3.7.7).

3.3.15 Spike Correction

In order to remove spikes from a spectrum click [Modifypike Correction]. A tick appears

== in the menu bar and thmousefunction is switched to a correction mode. A left mouse key
click at a position on the display will set a data point at that position deleting the original one. The
procedure can be switched off by clicking [Modifyspike Correction] again. The tick dgzears

and the mouse returns to the normal mddecase of a large number of spectra védfhikes,the

menu point3.5.5should be used. If a spike correction was carried out theadeng of the original

data in the batch prossing is deactivated.

3.3.16 Spectrum Manipulation

The functions in this sulmenu manipulate experimental spectra in intensity and energy to
—  prepare them for a subsequent spectrum operation

3.3.16.1 Energy Shift

Displays a dialogue box which allows to shift the spectrum within the existing energy range keeping
- in contrast to Modify - Charge Correctiorctive Windowé ] - the energetic scals unchanged.
The programmeemoves anddds points at start or end of the experimental spectrum.

3.3.16.2 Correct Intensity

In this menu, theintensity of the experimental spectruoan be changed ith a defined
normalizationfactorand an offset.

Note: Only the aergy shift or the intensity correction may be usedt the batckprocessing
procedure.
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3.3.17 Spectrum Operation

Spectrum operations can be appliedtly only on two spectraf the samenumber of data
— pointsand the samstep width. The active window and a second selected one are involved.
The result will be displayed in the second winddwater batch processing is possible.

3.3.17.1 Addition

The menu O0Additiond enabThe sumofithe spadkaldart be adivided f
optionalyby two.

3.3.17.2 Subtraction

[Modify T SpectrumOperationi Subtraction] produces difference spectra elucidating changes in
the spectra caused for example by chemical reactions or adsorption processes.

3.3.17.3 Multiplication

This item supplies the product of two spectra

3.3.17.4 Division
This point produces the quotient of two spectra

Note: Only the addition, subtraction, multiplication or division of specti@y be used at the batch
processing praziure.

3.3.18 Normalization

This subprogramme gives the user the ability to normatimespectra from the active window
— to (see Figl4):

1. &Norm. to kxed Valu&j

2. 6 Nor mheValued(E)of t he Wi ndows?®d

3. 6Nor maximu M

4. 6 No r milinimunad
Wi th the opAliSwnwi & 8 ethdsriomnglization came used for all other open
standard windowd. f t he option ONowmbd6 (e h¢EBandvaleath et
can be defined by thmouse pointer and pressing the left mouse buftbal-value is transferred to
the edit fi el Hvaldelanbdcbangedmathually,ioo. T h e
For normalizatiorof parametedependenéxperiment to anaximum do the followingsteps

1. Load the experimental series and sWwian appropriate window active.

2. Select [Modifyi Normalzation..].

3. Select 'Nom. to Maximum

4. Activate 'SettingAll Std. Windows'

5. Presd{ oK |for starting thenormalizationprocedure for all standard windows.
For thecalculation of the normalization factor a defined number of average points (excluded the

option: 0 N o r m.canbeousel.iTikeeumber af bveragé points is displayed and can be
changed directly with the cé Points to Average .
3.4 Peak Fit

The extensive pedlit routine is the most important part of UNIFIT. Thegk fit is carried out
iteratively by a nodinear parameter optimizatioaccording toMarquardtand LevenbergThis
procedure converges fast when suitable start parameters are used. Htheditedpes not find the
absolute minimum in some cases.
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The fit parameters of aximal 30 singlet peak$see3.10.11) or doubletpeaks(i.e. 60 peaks) can be
optimized Five different options can be combined in several ways:
1. Background correctiohefore or during the fit operation (s88.6and0),
2. peak model shape as produstimor convolution of Gaussian and Lorentziamctions (to
be selected in [Preference®referencdssee3.10.)),
3. use of absolute or relative fit parameatéio be selected in [Preferencedreferencdssee
3.10.)),
4. calculdion with single peaksor doublet signalésee3.4.7),
5. calculation ofa separatéackground for every pedk component (Tougaard background
for inhomogeneous sarnes cee3.10.).
The start parameters can be defined through keyboard, mouse or parameter files. Five parameters
can be fixed ovariedoptionaly inside ranges given in Min/Max valugsee3.4.4).
In case of aproduct (see alsoDocument®Jnifit 2026 User_Filedest specttdest0O8Shirley
Productfn2PeaksShirleybgufp 17 Document®Jnifit 2026 User_Filetest spectidest12Pib-
Productfn3PeaksShirleybg Resultufp) or a sum function (see also
Document®Jnifit_2026 User_FileYestspectralestl5SumfndPeakslinearbgufp and
Document®Jnifit_2026 User_Filefest spect estl5SumfndPeakd.inearbg Resulufp) the fit
parameters are:
1. Intensity Units couns andcps,
2. GausslLorentzianmixingratio: 0...1, 0 =pureGaussian, 1 purelLorentzian
3. FWHM: XPS: Kinetic or binding energy(eV), AES: kinetic energy (eV), XAS: hpton
energy (eV), RAMANwave number (cri),
4. Peak positionXPS binding or kinetic energy (eVAES: kinetic energy (eV))XAS: photon
energy:(eV), RAMAN: wave number (cri),
5. Asymmety: -1...1,at the low kinetic energfRAMAN: wave numberkide the value of the
asymmetry parameterilvbe negative.
The default par amet e\Wnifit 206 User Fiktmettiegsp airm s@D dlc pmea o
In case of a&onvolution the Lorentzian function is substituted by the Doni&cinjic function The
five fit parameters are:
1. Intensity countsor cps,
2. Gaussian width XPS: kinetic or binding energy(eV), AES: kinetic energy (eV), XAS:
photon energy (eV), RAMANwave number (cri),
3. Peak positionXPS: kinetic or binding energy (eYAES. kinetic energy (eV) XAS: photon
energy(eV), RAMAN: wave number (cri),
4. Lorentzianwidth: XPS: knetic or binding energy(eV), AES: kinetic energy (eV), XAS:
photon energy (eV), RAMAN: wave number (¢t
5. Asymmadry: 0...1,at the low kinetic energyRAMAN: wave numberkide gives a positive
asymmetry parameter while negative asymmetry is not defined for convolution.
Additionally, theFWHM of the components (not available analytically) is calculated and displayed.
The default par amet e\Wnifit 206 Usey Fikssettingiparasd. p ®0 6 U me n
The fit parametersan be saved, printedopied as imagand edited. The background data will be
saved together with the har parameters if the baseline is determined iteratively during the fit
procedureAll the peak parameters may be varied completely free, varied within a chosen interval
or fixed at certain values. The fit parameter limits are not valid fosriadlerdoublet components.
The parametersnay be determined independently on absolute scales or they may be treated as
relative parameterswhich are related to the leading peak of a doublet model pedk the
corresponding mastepeak. The first peak is always a master pe#k.case of absolute fit
parametersa definition of slave peaks is npbssible(all mainpeaks are master peak&he colour
code of the fiparameter inpudialogueis:
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RED: Mager peak, activated for input,
GREEN: Master peak, not activated for input,
BLUE: Slave peak, activated for input,
WHITE: Slave peak, not activated for input.
The following definitions are given:
IFP = Input/Show fit parameter
MPCm = masterpeak componentn, absolute parameter vaklecomponent m is the master
peakwith the highest component number, but lower asatiizvatedcomponent (e.g.
thecomponent 5 is activated for input, component 1 and 3 are master peaks, m = 3)
MPCn = mastempeak componemnt, absolute parameter value
SP(h = slavepeak component mbsolutgparameter value
MMPCn =Master and main peak (peak 1) of the doublet n, absolute values
SMPCn =Slave and main peak (peak 1) of doublet n, absolute values
DPCn = doubletpeak (peak 2) ohie doublen, absolute value
(doublet n includes both peaksan peak peakl) and doublet peak (peak) 2)
v = variable (empty)
f = fixed (tick)
r = relatively fixed (grey with tick, only applicabfer the 2. peak of the doublet beginning with
the 2. douket, preferences: relative parameter)
1. Singldé peaks absolute parameters

Parameter (without peak position/eV): Fixing f
Mastempeak component 1: IFP=MPC1 absolute
Mastempeak component n: IFP=MPCn absolute
ParametePeak position/eV:

Masterpeak component 1: IFP=MPC1 absolute
Masterpeak component n: IFP=MPCn absolute

2. Doublets absolute parameters

Parameter (without p&agosition/eV): Fixing f
Masteymainpeak component 1. |IFP=MMPC1 absolute
Doublet component 1: IFP = DPC1 relative toMMPC1
Masteymainpeak component n: IFP=MMPCn absolute

Doublet component n: IFP=DPCn relative toMMPCn
ParametePe& position/eV:

Masteymainpeak component 1. IFP=MMPC1 absolute

Doublet component 1: IFP = DPC1 relative toMMPC1
Masteymaincomponent n: IFP=MMPCn absolute

Doublet component n: IFP=DPCn relative toMMPCn
3. Singld peaks relative parameters

Parameter (without peak position/eV): Fixing f
Masterpeak component 1: IFP=MPClL absolute
Masterpeak component: IFP=MPCn absolute

Slavepeak component n:
Parametepeak position/eV:
Masterpeak component 1.
Masterpeak component:
Slavepeak component n:

4. Doublets relative parameters

IFP = SPCn/MPCm

IFP=MPC1
IFP=MPCn
IFP=SPCni MPCm

relative toMPCm

absolute
absolute
relative toMPCm

Parameter (without peak position/eV): Fixing f
Maste¥mainpeak component 1. [IFP=MMPC1 absolute
Doublet component 1: IFP = DPC1/MMPC1 relative toMMPC1
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Masteymainpeak component: IFP=MMPCn absolute

Doubletcomponent: IFP = DPCWMMPCn relative toMMPCn

Slavédmaincomponent n: IFP = SMPCn/MMPCm relative toMMPCm

Doublet component n: IFP = DPCn/SMPCn/MMPCm rel. to SMPCn/MMPCm
Fixing r

Doublet component (n > 1} IFP = DPCn/MMPCn abs to DRCM/MMPCm

Parametepeak position/eV:

Masteymainpeak component 1. |IFP=MMPC1 absolute

Doublet component 1: IFP=DPC1i MMPC1 relative toMMPC1

Masteymainpeak component: IFP=MMPCn absolute

Doublet componemt: IFP=DPCni MMPCn relative toMMPCn

Slavédmainpeak componentn: IFP=SMPCni MMPCm relative toMMPCm

Doublet component n: IFP=DPCn- SMPCn- MMPCm rel. to SMPCn- MMPCm
Fixing r

Doublet component n: IFP=DPCn - MMPCn abs to DPCm- MMPCm

The relative Min/Max values are géy:
1. Min/Max (without peak position):

Min/Max (relative) = Min/Max (absolute) / parameter value (absolute)
2. Min/Max peak position:

Min/Max (relative) = Min/Max (absoluté) peak pogion (absolute)
The advantages and disadvantages of the different fit procedures are listed 3n Fapl&5 and16
show the same fparameter values using relative (Fi$) and absolute (Fid.6) fit parameters of a
fit of S 2p. Possible sources of errors of a-optimal fit are shown in tablé

3.4.1 Manual Input of Start Parameters

This procedure allows the input of start parameters by keyboard or mouse. After selecting the
=== number of peaks, fit parameter limits and start parameters will be defined in separate tables
(see Figs15and16). Depending on the preferences, the parameters can be fixed in different ways.
The previously applied procedure for peak shape modelling (product, sum or convolution) is
displayed in the title labelling of the dialogue box. The previously applied mode for parameter input
(singlet peaks or doublgtss opened starting the procedure by the icon. The intensities and peak
positions of the second component of theldeuare inserted automatically by using the correct
peak name (region name saved in the measurement file, also displayed in the title bar of the
windows). The values for the doublets are saved in URBDR6 User_file$setting$Doublet.dda
(see0). With the buttons -AP | and | AP+ | the number of the activated pe&ik componentcan be
decreasedor increased stepwise. The butto -DS and | DS+ | change the dialogue siz&he
number of pealfit componentsan be decreasehdincreasd with the luttons -PN and| PN+ | If

relative fit parameters are used the activated {ieabmponent can be defined as master (main) or
slave peak with the buttor Masterpeak or = Slavepeak . However the first peak is always a master
peak.

Tab. 5. Advantages and disadvantages of different fit procedures

Option Advantages Disadvantages Application
Background: Low number of fit Lorentzian function |Simple analytical
Subtactionbefore parameters, simple fil cannotbe described |problems, sigals with
starting the peak fit |handling, fast accurately during the | low Lorentzian

convergence peak fit contribution
Background: Better description of | Six additional Spectra with high




3 Programme Handling

91

Iterative calculation
during the fit routine

the Lorentzian
function,

background can be
influenced during the
fit procedure,
background
parameters can be
saved

parametes,
handling of the fit
routine is more
complex

energetic resolution
and high Lorentzian
contribution,

peaks in the region of
inelastic scattered
secondary electrons

Peak modelling:
Productor sumof
Gaussian and
Lorentzian functions
(see Figl7)

Fast convergence, a
value forFWHM is
obtained

Inaccurate descriptiof
of core level peaks
results in norsatisfy
ing fit for spectra with
high resolution and
sufficiently strong
Gaussian or
Lorentzian
contributions

Simple analytical
problems, fast fit of
spectra withpure
Gaussianor
Lorentzian line shape
interest inFWHM

Peak modelling:
Convolution of
Gaussian and
Lorentzanfunctions,
(see Figl7)

Adequate description
of core level peak
shape, determination
of basic parameters
(Gaussian and
Lorentzian width)

No value folFWHM,
slow iteration

Synchrotron radiation
excited spectra,
spectra of high
energetic resolution,
peaks of transition
metals, interest in
basic parameters

Fit parameters:
Absolute

Parameter values
immediately available
Simple start paraeter
input

Only couplingof
parametersf the 2.
peak for a doublas
possible

Simple analytical
problems

Fit parameters:

Allows coupling of

Input of start

Known behaviour of

Relative parameters in differer parameters more peak parameters (e.g
ways complex constant energetic
distance in serial
experiments)
Peak mode: Simple parameter Unsuited for coupled | s-lines, one
Single peaks input pairs of lines component of
significantly separate
doublets
Peak mode: Coupling of peaks | Handling more Doublet structures of
Doublet peaks possible complex p-, d, f-lines
Tab. 6. Possible sources of errors for non-optimal peak fit results
Findings Reason Line of action Example
Correspondence System sticks in a | Disturb the system b| Doubling of intensity

between experiment
spectra and calculatg
sum curve
unsatisfying even
after several iteratior

local minimum

varying start
parameters
sufficiently strong

of each component
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Convergence
incomplete

Min/Max valuestoo
close to the fit
parameters

Select larger
Min/Max range

Increase Max value
for Lorentzian width
from2to 2.5

Mismatch between
flanks of
experimental spectra

Selected peak shape
doesndt di
experimental fuation

Select [Fit Procedure
i Convolution]

3d and 4fsignals of
transition metals with
high resolution

and calculated sum |accurately (comparable

curve contribution of
Gaussian and
Lorentzian function)

Mismatch between |Inadequate Fit baseline together| Signals with strong

experimental spectrg Background with the peak Lorentzian

and calculatedwsn
curve in the region o
peak tails

subtraction before
starting peak fit

contribution

No change in one
parameteralthough it
is not fixed

Min/Max values
prevent change, the
parameter has

reached the limit

Change the fit
parameter limits

3.4.1.1Singlet Peaks

Usesubme nu 6

Homogeneous)

1. Subtract the excitation sateltén case ofanexcitation witha Twin Anode with [Modifyi
Subtract

Si rog It eot

Fit Pr o

Satel i

fReaksndependent ,
(see also TestOdfp i TestO3ufp, directory: Documentdnifit 2026 User_Filelest spectra Act
as follows ( e. g .

cedur e: S

te], the

appears, clicl__ok__ for subtraction,

2. calculate tle background with [Peak Fii Fit Background XPS (HOM)Jor the
corresponding popp commandPop-Up - Fit Background XPS (HOM)]Ja, b, e parameters

unfixed,c, d, B parameters = 0, fixedjck[ 0K |

3. select [Peak Fit Manual Input of Start ParametérSinglet Peakspr the popup command

um,

sat el |

[PopUp - Peak Fit Input Parameters Singlet Péaks/Absolutg,

ok

choosd__OK  or leave the procedure wi Cancel |,

6. define the start parameters in the table Fit ParamesakSum/Absolud

a) enteringthe values with the keyboard,

define the number of components in the next dialogue box and__ 0K |,
accept or chang#lin/Max-valuesin the table 'Min/Max Fit Parameters Peak' (8et4),

INote: Move betweerthefields with theleft mousebuttonor the Tab-key,

Par ametSer s

(3548 by

19) MNls,&25p..) ed s

Pe

i t e adtuinet @ on

b) pressing ARkY, ALT-Z or left mouse button to copy the position of the mouse pointer

from the display into energy and intensity start parameters. Hel&hift key and press
the left mouse button for switching to the next component without aiantpe

parameters or use the buttc -AP | and| AP+ .

5. Set "Héa
effects:

i on

the OFi

x6 boxes

a) absolute parametersfixing the parameter completely,

b) relative parameters keepsi starting with peak two the values relative to the
corresponding parameter ofettiirst peakor the relevant master peakchanged, e.g.

i f

energy shift or ratio between the other parameters will stay constant.

required.

Swi t c
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Fig. 15. Example of relative start parameters of two S 2p doublets and their Min/Max values,
parameters correspond to the absolute values in Fig. 16, Fit procedure: convolution,
project: Documents\Unifit_ 2026 _User_Files\examples\XPS\S2p_convolution_rel.ufp
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Fig. 16. Example of absolute start parameters of two S 2p doublets and their Min/Max values,
parameters correspond to the relative values in Fig. 15, Fit procedure: convolution,
project: Documents\Unifit_2026_User_Files\examples\XPS\S2p_convolution_abs.ufp
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Note: The fit procedure (@duct, sum or convolution) as well as the chosen| fit
parameters (absolute or relativak displayed in the title bar of the {itarameter tablg
and the correspomding payp command  Sdtby clicking the left mouse button
when the pointer is above thex or by pressing the space bar.

6. | Print or| Save the parameters if desired, accept the parameter{ oK |
7. start peak fit with [Pealkit T Iteration],
8. define the number of iterations and iteration cycles and confirm__ok |,

The peak componentsay be labelled optionally with the names of the chensipaties in the fit
parameter table. An image of the-pirameter table is copied in the clipboard with the call
Copy | (see Figl8). The call Export realizes an image exparsing a standard format (jpg, gif,

wmf, bmp, etc.).

3.4.1.2Doublet Peaks
Usesubme nu O [Peaksb Itea f i t c o @mAudfdGaddjeitgs (e. g. S

Act as follows( e . g . Fit Procedur e: Sum, Parameters P
Homogeneous)
1. Subtract the excitation satellites in case of an excitation with a Twin Anode with [Modify
Subtract Satellite], the satellite function

appears, clicl__ ok  for subtraction,

2. calculate the background with [Peak HRit Fit Background XPS (HOM)] or the
corresponding popp commandPop-Up i Fit Bakground XPS (HOM)] a, b, e parameters
unfixed, c, d, B parameters = 0, fixed, cl_ oK |

3. select [Peak Fiti Manual Input of Start Parameters Doublet Peakslor the popup
command PopUp - Pe& Fit Input Parameters Doublet Pet&ksm/Absolutg,

2. define the number of doublets in the upcoming dialogue box and[__OK |, accept or
change the Min/Mawaluesi n t abl e OMi n/ Max Fi 844Pdickamet er
or leave the procedure wi_Cancel |

Note: Min/Max-values affect only the first component of each doublet

3. define the start parameters 34Bbyt abl e O6Fit Pa
a) entering the valuewith the keyboard

Note: Move between the fields with the left mouse button or the-kKegb Make sure the
peak names are correct.

b) or pressing AKY, ALT-Z or left mouse button to copy the position of the mouse pointer
from the display into energy andtensity start parameters. If available, energetic shifts and
intensity ratios of doublet components are saved in a database and will be used for
calculation of energy and intensity start parameters of the second component of a doublet
automatically. Holdhe Shift key and press the left mouse button for switching to the next
componenbr use thduttons -AP |and! AP+  .without changing the parameters.

Note: S e tHO by clicking the left mouse button when the pointer is above the box or by
pressing the space bar.€fit procedure (product, sum or convolution) as well as the chpsen
fit parameters (absolute or relative) is displayed in the title bar of tpariimeter table.

4. Set Hani ® the OFi x06 b ofxxsedsublét peaksit desredpSwitcligne t er s
on the OFi x06 opeffectsriseerFald): t he f ol |l owi ng
a) absoluteparameters fixing the parameter completely,
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b) relative parameters: keepsi starting with doublet two the values relative to the
corresponohg parameter of the first doublet the relevant master peakchanged, e.g.
energy shift or ratio between the other parameters will stay constant.

5. Set H&ni o the OFi x06 bsecwne sloudieb peakgn &ee@marcerstant s
shift or ratio to the corresponding parameter of the first peak of the same dabkldtte

and relative parametery.

6. Set a grey sqgquare i n tdemndadubletpgeakd startiagwith o r

doublet two- to adopt the relations calculated for the first doublet during the iteration e.g.

energy shift and ratio of the other parametals¢lute and relative parameters

Note: S e t 6byddoubleclicking the leftmouse button when the pointer is above the box or
by pressing the space bar twice.

Print |or| Save the parameters if desired, accept the parameter{  OK |
Start peak fit with [Peak Fit Iteration],
9. define the number of iterations and iteration cycles and confitim oK |,
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Fig. 17.

An image of the fiparameter table is copied in the clipboard with the

Export

3.4.2

Screen shot: Comparison of a fitted model function of Gaussian and Lorentzian width of
1 eV each and a peak height of 1000 counts, left: convolution, right: product function
(Test spectrum Test01), background was iteratively calculated parallel with the peak fit,
project: Unifit_2026_User_Files\examples\XPS\Comparison_product_convolution.ufp

Copy |. The call
realizes an image export using a standard format (jpg, gif, wmf, bmp, etc.) (s&8) Fig.

Input Start Parameters Using Data Bank

This menu point permits the input of the start parameters via the datafoeimémical shifts

~ integrated in UNIFIT. In case of using this method for setting the start parameters the charging
at all peaks have to be corrected. Rarertainfinding of the reference element lines the names of
the regions have to be correct (e.@25 C 1s, Ag 3d5, etc.).
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The number of componentibes not need to be defined before. With the selection of a component
the name of the chemical component will be displayed in thgafameter table and the activated
window, too. The component names inedrinto the window presentatiocan be deleted or
changed with Annotation/Desigi Spectrum Labellind].

3.4.2.1Singlet Peaks

After selecting this menu pa, the list of available lines is opened. A line can be selected clicking
on| Add using the left mouse key. All components are deleted Removeall | If all peaks

were selected clicl__oK | and the Min/Max and parameter tables will be opeifed.file of
adequate chermal shifts is not available or the region name is incorrect an error message is shown.

Doublet name Peak height/ GP-FWHM/ Position/ LP-FWHM/ abs. Area/ rel. Area/

S2p Counts eV eV eV Counts-eV %

-S- 10000 1 164.3 1 21556 60.63
5000 1 165.5 1 10779 30.32

S6+ 1000 1 168.3 1 2148 6.04
500 1 169.5 1 1069 3.01

Fig. 18. Fit parameter table of the S 2p doublet (see Fig. 16) Vvia ioP@aepy functior
integrated into this document

3.4.2.2Doublet Peaks

This menu point works in the same way as the menu Balt2.1but according to the values of the
fleDoubl et . dda (see book 0LVersion22@ 6.5)two lmeswilkend Da't
generated.

Example6: The measuremehinifit_2026 User_Filesexample$XPSsulphur_studyexample.tap
was recordedisingthe spectrometdeSCA3 with the Aiwin anode. The following operations
should be made on the2p peak:
- Energy calibrationwith respect to As= 2850¢eV,
- satellite subtraction
- subtraction & a Tougaardackground
- peak fitwith aproductmodel functionabsoluteparametersand the background for
homogeneous samples
- the intensity ratio of the 2 doublet lines is fixed to 1:2,
- the peak separation is fixed t®%V.
1. Start UNIFIT,
2. open the di al og {(Peferéreas éfeferenees mmedsed wi t h
a) Fit Procedure:Product
b) Parameters Peak Fit/XABackground/XP$Background (INHOM)Absolute
c) Tougaard Background Calculatiofomogeneous Sample
d) X-Axis: XPS: Binding Energy
e) Y-Axis:Counts
f) Programme ParametersMaximal Number of Peakit ComponentsiO
Close the dialogue.
3. select [Windows- Hide Standard WindowsShowAll Standard Windows
4. load the measurement datath [File - OpenSpectra XPS- ESCAZ*.TAP)], selectdirectory
Unifit_2026 User_File§exampleS§XPSsulphur_study andopenexampletap and read the file
with| ok |,
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5. i n aSel ect C3gapdcp(wathothe sekt orise buttgn) s el ect o6l nt er
Name sReakh amé wi t hoandprEs{ 0K si ono

6. activate the Cs window, estimate the maximum & @ 1s peak with [Information
Minimum/Maximum],

7. calculate the charge correctiqdifference to 285.0 eV, e.glaximum at 284 eV, charging:
1.7 eV),

8. subtract the charging from all opened windows with [Batch Proce$s@igarge Correction alll
Windows], input 1.7 eV, prel__ok |, all spectra will be shiftetly 1.7 eV,

9. activate and maximize the2p window,

10. subtract the satellite with [Modifiy Subtract Satellite], pred ok |, the satellite will be
subtracted from the S 2pectrum,

11. subtract aShirleybackground from the spectrum with [ModiffCalculate Backgroune
Tougaard] activate 'Adjust BParameterand [ Subtract | (spectrum is now corrected for
satellite and background),

12. select [Pealfit i Manual Input of Start Parametsi Doublet PeaKjsor select the pojup
command [Peak Fit Input Parameters Doublet Peaks]i nput &6 Doubl et Numkt

oK

13. the Min/Max menu is opened automatically and the Min/Max values are shown for all the|fit
parameters of the main peaks,

14. accept the given values by pres§ 0K |,

155t he parameter table aFit Parameter Doubl et/
move the mougmointer to themaximum of thérst doublet (E = 164 eV, | = 1058bunts) and
press the left mouse buttanove the mouse pointer to the second maximum (E = 168 eV,
| = 1555counts) and press treamemouse button, (I and E values of both doublet peaks ar
written automatically in the table), fix the same values as shown il gigress Preview ,
your fit should have the same appearance as HFgbottomleft, compare with the right table

16. accept values by pressil _ 0K |,

17. the dialogue 'Input Number of Iterations’ will be openelpose the nund of iteration steps
= 22 and the number of cycles? and start the iteration procesath| ok |,

18. the optimization is running, when the system has stopped your result should be [k tiéig.
left.

D

3.4.3 Load Start Parameters

. Fit parameters saved before with extension *.par can be loaded by [Pédko&it Start
Parameters]. The parameters are saved in the same format independent of the select:
preferences. However, loading them agaunyent preferences for fit parameters and fit procedure
will be taken into account and the parametgeye-calculated accordinglyAn examplds given in
the book O6LiI ne Po s,i413.iThenparametersl of theaspextralfbackgrnant &ttéd
parallel with the peak fit will be saved together with the fit parameters in the files *.par.
Act as follows:
1. Select [Peak Fit Load Start Parameters],
2. Select parameter file in the dialogue box and confirm [ oK |,
3. Change/accept Min/Max values and confimith or leave the dialogue box
without
changes witl_Cancel |
4. Change/accept start parameters and fixiegnfirm with[ ok |
5. Select [Peak Fit Iteration],
Define the number of iterations and confirm w__ok |7 then the fit will be started.
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Note: [Batch Processing Batch Processirjgcan be used for copy of fit parameters betwgen

windows as well. The number of peaks can be changed after loading a parameter set by selecting
[Peak Fiti Manual Input of ParameteisSinglet Peaks/Doublets] and defining the numbehe |t
dialogue box.

3.4.4 Show/Correct Fit Parameter Limits

The limits of all singlet or the first doublet peaks may be changed sele&eakHit -
—— Show/Correct FitParameter Limits]or the popup command [Peak Fit ShoRarameter
Limits]. A dialogue box appears which allows defining the minimum and maximum values for a
parameter for the peaik question. They will besaved additionally to the fiparametersA
predefined energy range of the peak positions of all-fie@omponents can be activated using two
buttons; -0.2E0+0.2 |and -0.4 E0 +0.4
Act as follows

1. Select [Peak Fit Show/Correct Fit Parameter Limits],

2. Change/accept Min/Max values and confirm or leave the dialogue box

withoutchanges witl Cancel .

£
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Fig. 19. Screen shot: Dialogue for the fit parameters of an S 2p peak with two doublets, product
fitting procedure and absolute parameters, bottom left: start iteration with start
parameters, top left: fitted spectrum, right: fit-parameter table with start parameters,
project: Unifit_2026 _User_Files\examples\XPS\S2p_product_start_parameter.ufp

3.4.5 Show/Correct Fit Parameters

=] By selecting PeakFit - Show/Correct Fit Parameters] the popup command [Peak Fit Show

== Parameters} dialogue box appears which allows to edit and to change the start pardoneters
the fit procedure and the relation between them. The parameters can basamEwblute values
with | save | printed with| Print | or accepted for peak fitting wil 0K . | Preview will

show the result of the manualtgrrected peaks. This option is a special feature to test the changed
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parametersWith the buttong -AP | and| AP+ .the active pealfit component can be changethe
number of peafit componentgan be decreased or increase with the bui -PN ' and PN+ | The
buttons -Ds |and| Ds+ | change the dialogue size.
In case of relative fit parameters the comma Masterpeak | and| Slavepeak  define themaster or
slavepeakfit component. The fit parameters of a master peak are absolute. The fit parameters of th
slave peaks are defined always relativenecbrrespondingnaster peak (the corresponding master
peak is the master peak with the highest number, but lower than the number of the slave peak, e.
peak fit with five components: 1. component: master peak, component 1: slave peak, relative to th
component 1, component 2: slave peak, relative to the component 1, component 4: master pea
component 5: slave peak, relative to the component 4). Test projects are saved:
Unifit_2026 User_FileYest spectidest37.ufp- Test43.ufp

Copy and| Export generate an ima&gof the fitparameter table Cancel closes the dialogue
box without accepting changes. The preferences for the fit parameters can be changed and saved
special files (Unifit2026 User_Filessetting§parasetl.par for the product and sum function or
Unifit_2026_User_Filessetting§paraset2.par for convolution) using tl Save @ button, too.
Additionally, the absolute and relative peak areas are given when a previous peak fit was performec

N
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Fig. 20. Screen shot: Left: plot of inelastic electron scattering cross-section using UNIFIT
(example: Universal cross section), right: dialogue menu of the fittable background for
the input the parameters, project:
Documents\Unifit 2026 _User_Files\examples\Specials\Universal_cross_section.ufp

Act as follows:
1. Select [Peak Fit Show/Correct Fit Parameters] or the pgpcommand [PofJp - Peak Fit
Show Parameters].
2. Change/accept start parameters and fixingonfirm with or leavethe dialogue
box without accepting the changes w Cancel .
Select [Peak Fit Iteration] or the pojup command [Peak Fit Iteration].
4. Define the number of iterations and confirm w__0K | which starts the fit,

w
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5. Edit/change the parameters after the fit proceduectly with  Show Fit Parameters or
by using [Peak Fit Show/Correct Fit Parameters] again.

3.4.6 Fit Background

ﬂ Thesubr out i ne O6Fit Backgr oun ddonditicn that hoebackgsoend o n | y
— sultraction has been carried out during the data modification.

3.4.6.1 Fit Background XPS (HOM)

The start approximation for an iterative calculation of the XPS background simultaneously with the
peak fit has to be defined before input of other geagarameters (&3.4.1). The background
function is described by a combination t#n different contributions (see alsbestO4Voigtfn-
0.3eVLorentzl.7eVGauss+Polynom2:8g_Resuliufp and TestO5Voigtfn-2Peaks+Polynom2.-G
Bg_Resuliufp). One background for the complete spectrum is calculated.
The parameters ad define thepolynomial part constant, linear, square and cubic patie e
parameter defines the part of tBéirley backgroundThe Shirleypart will be calculated using
experimental data before starting the peak fit procedure and using the calculated sum curve
afterwards.
The parameterB, C, C', Dandthe energygap parameter, define the inelastic electron scattering
crosssection of theTougaard background (see al3estl19TougaardBackground_ Resulifp).
With B = 0 the part of the Tougaard background can be set to zero independent of the value of the
C, C', DandT, parameters (sd€g. 20, right). The parametersf the Cross Section can be saved
with | Save Cross Section Lam'K(T) | and loaded with Load Cross Section Lam:K(T) . A manual
approach of the parameteBs C, C', Dand Tp may be carry out in the merni3.6.2 Each
background parameteran be fi xed (tick O6Fi x6 in the backg
The fitted background will be saved together with the other fit parameters. A start set of parameters
will be suggested by the programme: the background parameter for the constant (minimum of the
experimental spectrum) and the Shirley contribution; Bhparameter set to 0 and fixed. The
parameter€ = 1643,C' = 1, D = 0 andTy = O describe the Univers&@rossSection. Now the user
can edit re-fix the backgroundparametersand calculate and drawhe modified backgroundith

Preview . | Subtract removes the background from the spectra and the background
settingsfor the peak fit will be accepted. The sidutine B closed without changes by clicking
Cancel |
The advantage of this procedure is shown by comparing the refidetibn R(E)and thec® for
the spectrum obtained with unfitted background in Rify. Further examplesra presented in
chapter 3.10 and in the files Au_survey fitufp and SiO2_Cross_Section_fit.ufp (folder:
Document®Jnifit_2026 User_FilesexamplesXPS).

Note: If the B-parameter is zero and fixed, then the patams€, C 6D and T, are automatically
fixed.

3.4.6.2 Fit Background XPS (INHOM)

The difference of this menu point @is the calculation of the Tougaaba@ckground function. For
every pealfit component a separate Tougaard backgrownth different inelastic electron
scattering crossections may be calculated (s2&.1.7.3. This permits the better estimation of the
spectral backgrounds of XPS measurementatefallyinhomogeneous sampleBhe number and

the sequence of the Tougadrackground functions and peikcomponents have to be the same.
The fit parameters of the Tougadrdckground functions can be defined as absolute values or
relative to the first one (s€210.J.
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The start approximation for an iterative calculation of the XPS backgnmanadlelwith the peak fit
has to be defined before input of other peak fit parameter8(&e If the peak fit is carried out
with n peakfit components therhe background functiors described by a combination 5#5:n
different contributions(e.g. n = 4, number of fit parameters of the background = <% also
Test36InhomogeneousSampPeakswith-2IESCS_Resultifp with n = 2). The parameter8;, G,

C'i Di andTy; define the inelastic electron scattering cresstiors of the Tougaard backgrousd

= 1 ton). With B; = 0 the part of the Tougaard background can beoseéro independent of the
value of theC;, Ci, D; andTy; parameters (se€ig. 22, right).

The parameters of the inelastic electron scattering-sedsors of the selected background number
can be saved witl Save Cross Section Lam-K(T) ' and loaded with Load Cross Section Lam-K(T) .
Each background parameteran be fi xed (tick O6Fi x&6 in the
varied. Theparameters of thitted background will be saved together with the other fit parameters.
The user can edit and-fig the back groundparametersand calculate and drawhe modified
backgroundwith | Preview . [Subtract| removes the background from the spectra and

the preferences for theeak fit will be accepted. The suwbutine is closed without changes by
clicking| Cancel .

Note: The processing time of a peak fit witthomogeneou$ ougaarebackgroundunctions [Peak
Fit - FittableBackground XPS (INHOM)] is about twenty times longer with ee$o the usage of
the homogeneous Tougaard background [PeakHtitable Background XPS (HOM)]

3.4.6.3 Fit Background XAS

Before the input of the fit parameters (&&.2.9 is carried out the fit backgrodnXAS has to be
defined (see alsoTest34XAS-4PeaksSumEADbgRelative_Resulufp). The fit parameters,
absolutely or relatively, correspond to the choice of the fit parameters of the peak fit. After calling
the menu [Peak fit Fit Background XAS] an inputox appears for the selection of the number of
steps and the choice 'Single Steps or Doublet Steps' for the background calculation. The iteratio
treatment of the variable or fixed backgrotfitdparameters corresponds to the selected fieak
routine.

3.4.6.3.1 Step Number=20

With a choice of the step number like zero the backgroundnisrged without step functionde.

(41)) and only with a polynomial and the Shirley background. Five fit parameters describe the
background.

The kackground functionis described by a combination of five different contributions. The
parameters - d define thepolynomial part constant, linear, square and cubic part. &parameter
defines the part of th8hirley backgrond. The Shirley part will be calculated using experimental
data before starting the peak fit procedure and using the calculated sum curve afterwards.

Each background parameteran be f ixx6e di n( ttihcek bbaFdak gr ound pa
varied. The fitted background will be saved together with the other fit parameters. The programme
will suggest a start set of parameters: the background parameter for the constant (minimum of th
experimentalspectrum) and the Shirley contribution. Afterwards, the user can edit dixdtne
parameters, recalculate and-dmaw the background witl Preview . |Subtract removes the
background from the spectra and the preferences for the peak fit are accepted. The
subroutine is closed without changes by clicki Cancel .

Example7: The magnetic moment of a tho film (21 mono layers) on BaTi@sing a XMCD
experimentof a ColL-absorption edgénas to be calculated. The sample was excited with left and
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right circularly polarized light. The sample wasagnetizedn-plan. The files21MLCoMinus.SX7
and 21MLCoPlus.SXare saved in the foldernifit_ 2026 User_FileSExample$XAS\XMCD.

The
Unifit_2026 User_FileSExamplesXAS\XXMCD.ufp.

1.

= (0

result of the example with all used windows s@ved in the UNIFIT project:

Open t he referende® gwiet o P[ PRradefences and sets

a) Number of the First Standard Windogv:

b) Parameters/XA®ackground parametefSPSBackground (INHOM)Relative

c) Points toAverage: 5

d) X-Axsis:XPS Binding Energy

e) Y-Axis: Counts

f) Number of displayed windows®S h AlwWw St a n d a mwith [Wiidowdio ws 6
Hide/ShowStandard Windows]

Load spectrun2lMLCoMinusinto windowsl andspectrum21MLCoPlusinto window2 with

[File - Open Spectra XAS- MAXlab ScanZeiss(*.SX7) and the input options

CT: 3: Data

CT:2: Referece

Step Width 0.2 eV(Note: in case of a different value change it)
Initial Energy 770 eV

Final Energy 810 eV

Normalization Enabé: activated

Activate and copy windowwith [ Modify - Copy.

Insert the copied window witfiModify- Inserf, windowl and window8 include the
spectrun2MLCoMinus.

Generae the sumspectrumin window 3: Activate windo® with [Modify- Spectrum

Operation- Addtion], the menuSpectrum Additionis opened, input window number 3 for

the addition operation, and activat@ivision by 2' and click. 0k . Windows3 shows the
averaged spectrum of winddwand window2.

Calculaie the step heighof the sum spectrum: Activate wind®y go to [Peak Fit - Fit
BackgroundXAg, Number of steps 2, Activate 'Single Steps' and cll__ 0K . The meny
Fit background XAS appears with relative background parameterspdraenetersettingis:

- Height Stepl: is not dhanged, frep Step2: 0.5, fixed

- E/A-Mix: Step1: 0.5, freg; Step 2: 1, fixed

- Position Stepl: 778 eV, fre; Ste 2: 15 eV, fixd,
- FWHM: Stg 1: 2 eV, fre; Step 2: 1, fixed.

Parametes a to e fixed. The parameters are not changédtivate 'Adjust a andHeight
Parameters' and pres Preview . Read the step heiglftalue 3.7105) and click Cancel |
The menu will be closed.

Normalization of spectra:Divide all opened windows by the step height W
[Modify - Normalizatiod, opti on: O Nouré&aitor 1138105F i g b dc K a
Std. Win[ oK |6 and

Subtract a constant bkground fromall specta with [Modify - Calculate Background
Constant, cl i ck O0Sett iand Subtract|| Std. Wi ndows
Correction with themagnetic field correctianActivate window2 and open the informatio
panelwith [Informatior/Editing - Correction of the Magnetic Fie]d read the value$,997
and 1 of the Minus and Plusspectrum, quotientPlus/Minus= 1/0,997. Activate windowd
and change the intensity wittModify - Spectrum Mnipulation- Correct Intensity with the
factor 1/1.003 (1.003 =1/0,99%. Now, thestepheightis the same=1) of both spectra, Plus

A

ith
6Setti

o O

and Minus.
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20

21.

22.

23.

Generation of the 3D Waterfall 0° PloEopy windowl and insert thecopied aswindow4.
Activate window2. Calculate the difference spectrum (windbwminus window?2) with
[Modify - SpectrunOperation-Subtraction]. Window4 includes the difference spectrum.
Exchange the window 2 with window 3: Activate window 3[&ithdows- Change Winda's
Number$ and put in window number 2.

Define the batch parametersf all windowswith [Information/Editing- Edit Parametes
Standard Windows]the dialogue 'Selection Acquisition Parameters' appears, select I
parameter’, the newatch paramete are: windowl1: Minus, window2: Sum, windows:
Plus, windows}: Difference. Close menuwi_ oK |.

Generaé a 'Plot 3D Waterfall 0°' of all windows in window 5 wifBatch ProcessingPlot
3D Waterfall 0°], select all windows and cli___ 0k | and selectModified Spectrum'.
Change the design of windows 5: Activate windbwand use the menu poi
[Annotation/Design Plot Intensity Axis] with the following setting

- Offset: 0.05
- Stretching 0.95
- Curve distance 0

- Show Zero Line Difference spestrum,

Select [ Annotation/Design Plot ParameterAxig and annotat the Axis with 'Intensity’
deactivate 'Labiding of Scale Lines'.

Creak a legend (positionabove right) in window5 with [ Annotation/Design Legend/Selec
Curveg, activake 'Show Legendactivate for all curves 'PlotSelecta suitablepositionof the
annotation. Modify the colour of the curves wifAnnotation/Design- Display - 3D Plot
WaterfallXY 3D PlotColour Profile Display...].

Calculation of the magnetic ments:Take back the constant background of windowith
[Modify - CalculateBackground Constan}, close the background menu w_Cancel .
Copy the sum spectrum window 2 and insert the spectrum into wéidow

Calculation of the XAS background in wavd6: Activate window 6 and open the menu X

background with [Peak FikFit Background XAS] in the same way and with the s
parameters as in point 6 and leave the menu by clicking btitéon [ Subtract . The
background is subtracted from the spectrneating aso-called "Whiteline'.

Copy window6 and insert the spectrufwindow? will be generated,sm) Copy window 4
(Difference) and insert the spectrum into window 8.

Generate the itegral curve of the spectra in window um)and 8 (difference) Activate
window7 and calculate the integral curve witModify - Integratior], Activate window8 and
generate the integral curve, too. Window 7 includes the integral of the sum curve and
8 the integral of the difference curve.

Calculation of the mgnetic moments: Extract the ¢essary data in the following way fron
windows7 and 8:

| = 76.609 Intensily of the last channel in windowsE € 810 eV)

C=1/N =30.767 with N = number ofd-holes(2.49) for Co, calculated in literature
A=-17736 Intensily in window8 at E = 791 eV(0.6 eV larger than the minimunm
B'=-8.208 Intensty of the last channel in window 8

B=B-A=9528
Calculate the magnetic moments using the sum rule formaliggnsfim moment of th
valence band, g orbital moment of the valence band):

. A-2B_1106 —_ AA*TB) _447g

The values are ingu
Correction of the calculated values with the angle (50°) and the helicity (95% polarized
gives the correction factor X = 1/(0.95-sin(50°)) = 1.374

Batch

—+

AS
ame

window

=)

D

light)
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My oy = My A.374=1.643, m,,,, =m, A.374=0.244

3.4.6.3.2 Step Number >0

By choosing the step numb®lS greater than zero the background is generated without Shirley
function and is calculated only with a polynomial and a step background (sum of error and Arc
tangent function) consisting dfiSseparate step&(n (44)). Four plus ANSfit parameters in case

of single steps and four plusNEsfit parameters in case of doublet steps describe the background.
The parametera - d descibe the polynomial with constant, linear, square and cubic part. The
parametere = 0 and is fixed and not selectable. For each step the step hegighie mixing
parameteMys (from 0O to 1), the step positidiys and theFWHM = 2[% can be defined. By clic

with the mouse on the topical window and open XAS dialogue the step position can be defined
easily. The active input line is marked with a red bar and changes after each mouse click. If the
option 'Adjust thea-Param. and Height Param." is activated pdw@meter and the height parameters

are adjusted that the background is at the left and right side of the spectrum like the measuring
intensity of the spectrum (see Fig3). Example 7 demonstrates a calculation of the magnetic
moment using a XMCD measurement

- 8 X
tation/Design ¢ nintensity Seale  Preferences Windows W 13000 W: 3001-6000 W: 6001-9000

Calibeatio E 0180 00 UNFTT
EAO ARMPALCERSEERA Y NIHAMARFEI B HEHGHHE X
L WAZ Test02 = 18014V 1= 74885/ 9545454 cps o | S er=

120 F T T T T T T T T J 120 F T T T T T T =

W 001- 12000 W 12001-1 500
L

| ‘ Iterative Background Calculati0n|

‘ Background Subtraction before Peak Fit |

1.00 | Z=0 4 1.00 - Z=118

o

@

=]
T

060 -

Intensity / keps
o
[}
o
T
1
Intensity / kcps

o

B

=]
T

0.20 -

n T T N T T n i i T i 1 i 1 I i i N
200 198 196 194 192 190 188 186 184 182 180 200 198 196 194 192 190 188 186 184 182 180
Binding Energy / eV Binding Energy / eV

Fig. 21. Voigt function (Test02-Voigtfn-1.7eVLorentz-0.3eVGauss_Result.ufp, without statistical
noise) with 1.7 eV Lorentzian width and 0.3 eV Gaussian width, left: iterative
background calculation, right: background subtracted before starting peak fit, Fit
procedure: convolution, project:
Unifit_2026_User_Files\examples\XPS\Comparison_background_calculation.ufp

Each background parameteran be f i xed (t i c karanEterxlidéloguemwox)tohe b a
varied. The fitted background will be saved together with the other fit parameters. The programme
will suggest a start set of parameters: the background parametae fconstant (minimum of the
experimental spectrum) and the Shirley contribution. The user can edit-8rdhe parameters,
recalculate and rdraw with| Preview the background subtract| removes the background from the

spectra and__OK | accept the preferences for theak fit. The sulvoutine is closed without
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changes by clicking cancel . The background parameters of the step function can be exported as
image using Copy | Or| Export .

I~
EE@bdEALRX D HEALO ARddPAAl SR SEERE Y MITIAMAMIFEIT ED HHSHMER
4 s E=
26.00 F T T T T T T E
Fit Background XPS
Backaround-Free Area Inhomogeneous Tougaard BTI |
| | 2GRy [ Adjust e-Parameter
U(E) = a+b-E+c-E*+d-E*+e-U'(E)+U"(E) A fB.P ater
. Adjust B-Paramete
2080 [ 3 d
a-Parameter = | 998.477 |0 Subtract
b-Parameter = 0.0882256 m] N
L Preview
c-Parameter = | 0.0010183 | ]
d-Parameter = 0 =] Expott
:& 1560 | | ghifey Factore= | 0 =] Copy
= Tougaard Background/Absolute
%‘ [ Peak  B-Param _Fix C-Param. Fix _C'-Param. Fix _D-Param Fix Gap-Par. _Fix
& ® 1 278.9989 O 5412978 O [-1.015 | O 443.9948 O 0 o
E 1040|002 298.4155 11 | 446.7858 0 |-3.83 o 71341570 |0 o 4
Load Cross Section Lam-K(T) Save Cross Section Lam-K(T)
Cancel Undo
520
0.00 1 L 1 1 L I L L I
280 255 230 205 180 155 130 105 80 55 30
Binding Energy / eV
g " LT R T RCIY R0 MW W AP RR P T WY AT SSTRP RIS 1 R TR W WA B
= oo} = IT‘I" i R v ! | ' AL o 1 L 4t 0 A W]

Fig. 22. Left: peak fit of a test spectrum using the fittable background for inhomogeneous
samples, fit with two components and two separate Tougaard-background functions,
project: Unifit_2026_User_Files\test spectra\Test36-InhomogeneousSample-2Peaks-
with-2IESCS_Result.ufp, right: dialogue menu of the fittable background (INHOM) for
the input of the background parameters

3.4.7 lteration

[Peak Fiti Iteratioré ] or the popup command [Peak Fit Iteratioman be selected afte
appropriate background treatment, input of fit parameter limits (Min/Max values), and

definition of start parameters for curve fitting. The componantsthe sum curweill be calculated

and presented using the givparameters. The number of iterations per cycle (maximum 200) and

the number of cycles can be defined in the

number of iterationss then Number of |1 terati onNumhereofCy Clye $ @ O

The start parameter qualitan be estimated from the experimental spectachthe suncurve. If

the deviation is to large, leave the procedure \ Cancel ' and correct the parameters with [Peak

Fiti Show/Correct Fit Parametérs

The peak fit starts witl 0K |, The presentation of componenssim curve, residual, aridif

optimized during the peak fit backgroundf unct i on wi | | be updated
decreasings’). Iteration numberc®, &%, andAbbecriterion will be displayed in the title bar of the
windo w . The dialogue box 6Stop Iterationsé po

ESC key is pressed. It contains the final values?af ¢ and Abbe criterion Press 'lterations
continue!' to start additional iteration cycles, 'lteratiol end! ' to leave the procedure,
Show Fit Parameters to watch the calculated paramete Show Fit-Parameter Limits  in order to
display the Min/Max values. If the background has been fitted together with the pdéalanady

Show Background Parameters  appears and allows editing the background parameters.
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3.4.8 Show Fit-Parameter Errors

This menu item was developed for calculation ofpitameter ears after peak fitting (see
—— Fig. 24). According to the chosen option the user can calculate the errors with the method
‘Matrix Inversion or 'lterative Calculation The errors can be shovatosolute or relative to thetfi
parameters. The errors can be exported as image ta Export or| Copy . Print transfers
the error data to a printer. Wil _Save | the calculated errors can be stored (*.dat). The button
Absolute | Or | Relative  shows the absolute or relative-fiarameter errors. The dialogue can be
closed withl ok |, If the user wantsot print or export fitparameter errors from more than one
window, he can use [BatdProcessing Print Fit-ParameteErrors] and [BatchProcessing Export
Fit-Parameter Errors].
The fitparameter errors calculation should be made directly after the pe#ktlie programme
shows the message aNegative parameter errors!
between two options:

1. Start a new iteration process to find a better approach for the peak fit, or

2. Fix critical parameters to set the es@f these parameters equal zero.
If one activates this menu point after a successful error calculation, the errors are shown without a
new calculation. A new estimation of the-fiarameter errors can be activated, when the user
subtracts the background carries out a new iteration and chooses the menu point [PeaRHeatv
fit-parameter errors].

Note: If the peak fit was camd out with theinhomogeneous Tougaabdckground functions
(Fittable Background XPSNHOM)) or a XAS spectrum was ffittethenthe calculation of the fit
parameter errors is not possible

3.4.9 Export Curvature Matrix

For the estimation of the parameter errors a curvature midtr(x7) is calculated. The
diagonal terms are a measure of the errors of independent parameters. -disgaoal terms
give error values of the correlation between the parameters. The curvatureHnzdrixoe exported
with the menu poin{PeakFit i ExportCurvatureMatrix]. The export of the curvature matrix is
possible only from that window in which at last agd@rameter error calculation was carried out.

3.4.10 ValenceBand Edge SQR(E)*G(E)

This subroutine permits the estimation of the uppalenceband edge. Independent of the

preferences the model function is a convolution of squareamdtGaussian function3he
valence band edge is determined by the zero poititeobquare root function. TH&NVHM of the
Gaussian function is fixed at a certain value or variable. The background can be estimated parallel
to the fit. If the background was not estimated before, a constant background will be subtracted
aubmatically. The number of iteration cycles is set to 100 and not variable. But the iteration process
can be repeated (see alBest16ValenceBandEdge Resulufp).

3.4.11 ValenceBand EdgemE*G(E)

This subroutine permitste estimation of the upper valeAgand edge. Independent of the
preferences the model function i€@nvolution of a linear functioand a Gaussian function.

The valence band edge is determined by the zero pbihedinear functionThe FWHM of the

Gaussian function is fixed at a certain value or variable. The background can be estimated

simultaneously to the fit. If the background was not estimated before, a constant backglidoend

subtracted atomatically. The number of iteration cycles is set to 100 and not variable. But the

iteration process can be repeated.
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3.4.12 Fermi Edge Theta(E)*G(E)

@ This subroutine permits the estimation of the Fermi edge. Independent ofdfergnces the

model function is a convolution of Theta and Gaussian functidie Fermi edge is
determined by the jumping discontinuity of the Theta functibhe FWHM of the Gaussin
function is fixed at a certain value or variable. The background castlmeated simultaneously to
the fit. If the background was not estimated before, a constant backgnolirfee subtracted
automatically. The number of iteration cycles is set todinot variable. But the iteration process
can be repeated (s&est18Fermilevel Resulufp).

4
= - - o E . 0 oo o VAT AT == :
CRabmdLRX oOBE ELO AR PLLITLESEEAR Y TITIA MIZEINES HEHEMHE R
4 = @f=] |4 ERCRE]
500 F T T T T T = 590 F T \ﬂ T 3
Peak fit result Backaround-Free Area
10653.14 cps-eV
478 F 478 | B(E) =BP(E) + BS(E) + B"(E) 4
Fix
a-Parameter = 3,316 =
b-Parameter = 0 | @
c-Parameter = 0 | & O Adjust a-Param.
g 3.66 - § 366 - | d.Parameter = 0 |2 and Height Param. 1
= = Shirley Factor e = Step height: 829.0958
%’ "%‘ Arctan Error Function Background B™(E) Single Steps/Relative
5 5 Step Height Fix E-A Mix Fix  Paosition Fix FWHM Fix
E os4} E 254 1 Q975407 |0 [0 0 [1202218 0 [ 1568 | O 4
2 2 =] 0 =] 2 = 1 =]
3 0.5 =) 0 =] 4 =) 1 =]
4 5 a [0 2 |6 2 |1 @
142 142 Subtract Preview Export Copy 9
OK Cancel 1. Peak -AP | AP+ |  -DS | | DS+
030 | 1 1 1 1 1 1 030 | 1 1 L 1 1 3
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Fig. 23 Left: XAS test spectrum and model curve with four components and step background,
right: Menu of the fittable XAS background consisting of polynomial, Shirley background
and step background (one step is described by four parameters: Height, E-A Mixing,
Position, FWHM), Project: Unifit_ 2026 _User_Files\examples\XAS\XAS-example.ufp

3.5 Batch Processing

The batckprocessing sumenus serve as fast and comfortable serial treatment and offer different
3D plots and a plot of parameter dependent oreasents. The sulmenus3.5.3 3.5.3and3.5.4
change all windows. If the mer&15.2 3.5.4 0, 0, 3.5.1Q 3.5.14 3.5.15 3.5.15 3.5.18, 3.5.18
3.5.180r 3.5.21will be called a selection dialogue of standard spectra is opened (s@&)Fithe
displayed check boxes of the standarddews can be selected by the two types of radio buttons:

! '1-100'...75501- 75600

{1 '2100...75600:
The selection of the second type of radio buttons defines the appearance of the first type. Accordin
to the number ofjeneratecstandard windowsvisible or hidden}he radio buttons are disabled or
enabled. The standard windows can be selected individually, in columns or in a defined sequenc
The following options are offerec All Windows , | NoWindow @ Every2ndW. | Every3rdW. ,

Every 4th W. | and| Every 5thW. . The optiorl Every:  [6]allows the definition of the sequem

by the userThe windows can be selected or deselecCiée. last five options select the windows
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from the first wellchosen window.Three special selection options ar Every W.Chi* >

Chi2* value|, Every W. with the same X: | X valuel and Every W. with the same Y: | Y value|. The number

of the selected windows @splayed.

3.5.1 Charge Correction All Windows

This option displays a dialogue box, which allows shifting thax} for all windows in order

Al to compensate e.g. charging effectsa@veral regions of one sample additionally to the value

defined in [Modifyi ChargeCorrectionAct i ve Wi ndow] . The charge <co
will not be saved with the preferences or when quitting the programme.

3.5.2 Charge Correction Windows

This processing routine is the same as describ&dbi8 but works not for all windows. The
== defined charge correction affects only the selected windsivg dialogue FigR5.

&
Ny e
480 F
Peak name -N-CO- Fix| -NH3+ Fix
Peak height [ 10202 0 [ 057681 |0
GP-FWHM/eV | 1.7147 o1 o
as | Position/eV | 400.1007 |} | 1.8231 =
LP-FWHM/eV | 1.09245 |0 | 092574 O
Asymmetry [0 = =
FWHM/eV 2.373 232
abs. Area 2990 1676
g 428 r rel. Area 0.6408 0.3592
i Copy Export Save Peak
'E Print Preview Data Bank DS+ AP+ PN+
2 a0zl Absolute Cancel  -DS | -AP | -PN
Peak 1 Fix Peak2 Fix
3.76 | Peak height/% 214519 0  58.7263 o0
GP-FWHM/% 1.0054 0 0O 1
Energy/% 0.04809 0 0.0296 0
LP-FWHM/% 685601 0 133390 O
Asymmetry/% - 1 — 1
50 1 I 1 1 1 1 ] FWHM/% 2954 106.34
413 410 407 404 401 398 3gs 392 abs. Areal% 170.94 4312
Binding Energy / eV rel. Areal% 435.3694 695.6331
& h N AL A A A A "[i RV W "‘,;,\I AN A ‘;-“.L Save Print Copy

Fig. 24. Fit parameters and fit-parameter errors (relative) of the N 1s peak (2 components);
parameter: relative, fit procedure: convolution, calculation of fit-parameter errors: Matrix
inversion, project: Unifit_2026_User_files\examples\XPS\N1s_parameter_errors.ufp

3.5.3 Original/Accept Preferences Al Windows

[Batch Processing Original/Accept Preferences all Windows] recalls the original speatra i
all open windows. All operations done before will be reversed. Only the charge correction
persists.

3.5.4 Original/Accept Preferences Windows

. This processing routines the same as described3rb.3but works not for all windows. The
A recall of the original data is carried out only with the selected windows. The windows can be

selected using the dialogue F&h
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Spike Correction All Windows

3.5.5

[Batch Processing Spike CorrectiorAll Windows] permits the correction of spikes of agar

- series of spectra. The control parameters of the spike procedure can be defined manually k
the user (se&.10.1.). The theoretical basic is described in cha@i® Optionally, the spectra
modfied wusing the Laplace operator can be displayed. The Unifit projects
RAMAN -Before Spike-Correctionufp and RAMAN -After-Spike-Correctionufp in the folder
Unifit_2026 User_File®examplesRAMAN demonstrate the efficient working of the procedure
using realstic Raman spectra.

3.5.6

This option permits a simultaneous print of the final fit parametérseveral windows
presentlng the fitted peaks without printing the spectra. Only windows can be selected for

which a peak fit has already been carried out.

Print Fit Parameters
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Fig. 25. Dialogue of the standard windows selection for using the batch processing, Project:

3.5.7

Documents\Unifit_2026_User_Files\examples\XPS\BaTi-178-Spectra.ufp

Export Fit Parameters

The final peak fit parameters all windows for which a peak fit already has been carried out
can be exported simultaneously using [Batch proce$sibport Fit Parameters]. An

additional window allows the selection of parameters to be exporteddqseekb 60 Li n e

Data Format$ Version2026

4 . The figsh column includes the batch parameters. If the batch

parameters are not available, then the window numbers are shown.
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3.5.8 Plot Fit ParametergdMin/Max/Areas

The cal l 0 P Min/Mak/Ar¢a poss rthee nmentme,r maxima or estimated

== background free peak areasomre kindof fit parameters (peak height, peak position, etc.), the
peak arear the relative peak area with respect to a batch parameter, window number, x position, y
positionor other values (see Fig6). The windowsincluding fitted peaks can be selected freely.

The legenchames are created using a combination of the region name and the component name of
the peak fit (e.g. see Fig6, region name: C 1s, component name: Peak 1). The handling is similar
to the ParameterPlot 0 f t he menu p o-iCrotn c @ Q u(seadt6.i 4o2awid.5).i o n

3.5.9 Print Fit -Parameter Errors

This option permits a simultaneous prirfitfinal fit-parameter errors of several windows. Only
== windows can be satéed for which the error calculation of the ffiarameter already has been
carried out. The results are rounded to a reasonable value.

Fig. 26. Created Fit-parameter plot of peak heights of Si2zpandCl1ls from t hestt®&ad f il
using UNIFIT, project: Unifit_2026_User_Files\test spectra\Test07-Batch-Fit-Voigtfn-
Si3Peaks-O2Peaks-C1Peak_Result.ufp

3.5.10 Export Fit-Parameter Errors

The peak fitparameter error of several windows can be exported simultaneously using [Batch
processing Export Fit Parameters Errorspnly windows for which the error calculatidras

been performed can be selected. An additional window allows the selection of parameters to be

exported. If no series parameter is available, thedolstmn shows the number of eagimdow.

Note: If spike corrected spectra in the batch processingusee then the loading of the original
spectra has to be deactivated.

Note: Select the active window in the paramelependent experimental series so that |the
corresponding spectrum presents all identified components as clearly as possible.



















































































































































































































