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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 havedmaroped 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$20

Dr. rer. natRonald Hesse Leipzig, August2016
Preface to version2024/2025

Main focus of the advancement to tUNIFIT 2024softwarewastherework and new design of the
definition and displaying of the preferences. Tredogued Pr o gr amme Par amet er s
andexpandedThe definition of the excitation satellites was reworked completely. Theipand
pull-down commands werenproved. Thesetting options of thg-axis and yaxisdialogueswvere
refreshed. New export functions were implemented.
1. The input management for the definition of treferenceswas completely reworked and

redesignedA new preferencdialoguewas implemeted. Former puitdowncommand®f

the preferences were removed. Nine groupsedefined:

a) General

b) Display

C) Printer

d) Load/Define Transmission FunctiGiE)

e) Peak Fit

f) Export
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Q) Import
h) Sources
)] Batch Processing

The operationsvill be carred outsimultaneouslyThereforet he butt on 6Cl osed
0 OK6 | edmbguesThd autematic transfer oéloadedoreferences to open spectra
windowswas deactivatedl he pr ef erence 6Save Projects Aut
currently loaded mferences can be displayed optionally after the execution of the software
Unifit 2025

2. The number of thexcitation sourceswas reduced to four. Theatbgue for the definition of
thesatelliteswas redesigned and tparametersvere clearly labedld The files

0Osatellite.setdand o6satellitel. setd were re
wereintegratednto the presetting file€ .set).

3. The di Rrdg@ammedardmeter® was extended. Ten par amet
a) NumberoftheFi r st St andard Window (1é101)

b) Poinst o Average (119, odd)

C) Maximal Numberof Peaki t Components (1€é€30)

d) Maximal Number of XAS Background Steps axidS Background~unctions (3...9)

e) Maximal Number of Presentable Curves inside 'Plot 3D Watgial..300)

f) Maximal Number of Presentable Fit Results insidiet' 8D Waterfall Plus' (7...21)

Q) Maximal Number of Presentable Curveside 'Parameter Plot' (10...30)

h) Maximal Number of Presentable Parameter Steps inside 'Parameter Plot' (30)..5000

)] Threshold Multiplie of Spike Correction (5...100)

)] Maximal Number of Spikes/% (5...33)
4. Thepop-up and pull-down commandswere refreshedlhe pulld o wn gr oup Ol nf or
wasrenamed o Ol nf ormati o-hd i ¢ O md nEHiTdBPe Piudg h
Par ameterséd was shi fitElidParanoeteé nf or mati on/ Edi
Thedi al ogues Wa&éenamberBEr & 5 § y Alntehsity X iowerérefreshed
6. Two new options were implemented in @gort of fit parameters. Now theabsoluteand

relative pealarea can be exported, too.
7. Thesatellite subtractioncan be carried out for the actimendow and optionally for all

standard windows.

o

Leipzig,den01.062023 Dr. rer. natRonald Hesse

Main focus of the advancement to tUNIFIT 2025 wastherewolk, 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 P|1 ot | nt ensii
Axisd6 and 6Pl ot Enercgnprovddav enumber AXxi sb6 we
1. Thespecial functioréCalibration | nt e n s i wag co@puetely eworked and
redesigned. A nevteration methodvas implemented. Former palbwn commands
wereredesignedThe following items were @mged
a) The pulkdownmenuof the threemethods of thd (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 is
displayed in the dialog title.
c) The normalization option was reworked.
d) The iteration error and the estimation time were displayed.
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arw

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 |layld Ba B ¢ 6arsoffered

Thedialoguesd Pl ot Ener gy / Wanmé Rumb el n Awenes 6t y

refreshed. New options were implented.

Thedialogue&elect Windowswas refreshedNew options were implemented.

Thedialogueduantification bwasrefreshedNew options were implemented.

The design optiodark Modedwasimplemented. All dialogues can besplayedn the

OLi ghtér\Dade& Modeod

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

line shapecan be defined.

Leipzig,den01.062024 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 8§ Windows 10and
Windows 11(32-bit and 64bit). Persnal computer systems withGHz 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 programme
Unifit2025exe asexclusionprocessn the usedanti-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 spetlra.software can be ten tisiexecuted
simultaneously.

Tab. 1. File size of UNIFIT projects of UNIFIT 2025 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 2025(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 execution of UNIFIT (verst®i4 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 older than Window&. The necgsary main memory depends on the number of
simultaneouslyprocessablespectraand displayed spectra windowEablel1 gives an indication of
the storage spacef the UNIFIT projects Table 2 illustrates therocessingtime of different
processing steps of UNIFIT 2022 and UNBoI250f a large number of spectra.

The programme permits the simultaneous handling of uf5®0 windows with spectra or other
presentations (see Fifj, preserdtion of fourstandardwindows). Thestandardwindows may be
generated hiddeor visible. All generatedtandardvindows (visible or hidden) may be used for the
following operations (e.g. batch processing, 3D presentation, quantificati@metar plot).The
number of the first standard window can be defined between 1 and 101. The papdmbeter
windows, 3D windows, Wagngriot windows and image windows can be displayed only using
windows with the numbers -1100 (see3.10.1.). The title line of the parent window shewhe
name of the project currently loaded. TheaXs of XP spectra in standard spectra windows is
drawn with increasing kinetic energy or decreasing binding energy from the left tigltheThe

title bar includessignificant information for the user (see Fi. The Xaxis of XA spectra is
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always presented with increasing photon enegfgy X-axis of AES spectra is always presentedtwi
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 presentation mode. The arowttte start and end energy/wave number,
the number of increments and the number of decimal ptdadksaxes may be changed manually by
the user.

Tab. 2. Comparison of the processing time of different processing steps of UNIFIT 2022 and

UNIFIT 2025, 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 windows, Processingime Processing time
operation UNIFIT 2022 UNIFIT 2025
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

Cu2p14300Spectrawith- | 14300 SW, 1 PW 0 min 31 sec 0 min 13 sec
BackgroundSubticion.ufp | Background subtraction

Fiveteenpresentations are available:

1.

2.
3.

Standard: presentation of spectra (see Hjg saved transmission or loss functions (see Fig
20, left),

Wagner Plot: presentation of Auger parametésse Fig7).

3D Waterfall 0°: presentation of spectra, background functions, modified spectra, sum
curves (&er peak fit) or chemical components (after peak fit) of parameter dependent
measurements in one window withouskift (see Fig27).

3D Waterfall 0° Plus: presentation of fitted spectra of parameter dependentunesasnts
without x-shift in onewindow (see Fig28).

3D Waterfall 45°: presentation of spectra, background functions, modified spectra, sum
curves (after peak fit) or chemical components (after peak fit) ofnyest dependent
measurements in one window witksRift to right (see FigR9).

3D Waterfall -45°: presentation of spectra, background functions, modified spectra, sum
curves (after peak fit) or chemical components (afteakpiit) of parameter dependent
measurements in one window witksRift to left (see Fig30).

3D Colour Profile: presentation of the intensities of spectra, background functions,
modified spectra, sum curvesft@ peak fit) or chemical components (after peak fit) as
brightnessof different coloursof parameter dependent measurements in one window (see
Fig. 31).

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



1 General Characteristics 17

V) 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) measurements window
with x-shift to right (see Fig32),
9. XY 3D Plot -45°: presentation of
)] themaximum orminimum of the intesities of spectrar
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 respect to the x and y coordinaite multipoint (area) measurememone window
with x-shift to left (see Fig33),
10.XY 3D Colour Profile: presentation of
)] themaximum orminimum of the intensities of speetor
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 y coordinates of multipféméa) measuremerdsbrightness in
one window (see Fig4),
11.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) measureiments 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 positions of the maxima or miniroa
i) the areas of background free specira
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) measureasdntightnesef
different @loursin 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 peak areas ...) with respedhe 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 Sequencepresentation of ashort 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 presentatioproject: Unifit 2025 User_FilesExample$XPSAs2p3
SDRP-MultiPointMeasuremer®indowsVideoSequenaghp).
With the menu poinkPreferencesi Preferences](see3.10 the operator canpen the dialogue for
the displayng, 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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. General:

a) Programme Parametes: 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 to the current analysi$ie 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 German or English.

d) Decimal Character Display/Printer: Independent from the language setting the decimal
character point or comma can be used for the monitor presendatiiihe 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 projbetckup files can be
adivated optionally.

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

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 form, size and colour obtlimate 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 priet offersfive options for the printing out of the spectra windows.

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

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

. Peak 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 parameterand the XPS background parameters of inhomogeneous
samples(absolue or relative) to realise the peak and backgroundTlfie calculation of the
spectral background can be selected between one background for afit pgakponents

(homogeneous sample) or separate defined background functions for eadi pamlponent

(inhomogeneous sample, the number of ggakomponents 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 resolution of the exported imeggmay be changed in six levels up to 1200 Tpe

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

parameters) may be modified indepenterdf the spectra windows settinGhe decimal
character and delimitain 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 sources 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 spectrajhe number of iteratizs and cycles of the peak fit
usingt he batch processing ar e Mddifydgdialaguecidiopendtly p
for the changing of these values.

Q5 x5 AE5 RAMARLofp - UNIFITFOR VANDOWS 5
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Fig. 1. Presentation of the four supported spectroscopic methods (XAS, AES, RAMAN and
XPS) in four windows, project: Unifit_2025_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 2025 saved on USBnemory car§l All processing steps, the window &&
positions and design elements of all winddiwslden 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 fothe processing
steps and design features can be generated, saved and reloade8.4Agkand 3.2.19. The
integrated test spectra and the waklbsen examplemnable the usdo test the different functions of
the programme without measured dé@ae 3.2.5. Auger parametersan be easily plotted as
Wagner plot(see3.2.9. Images (all typical dat formats: wmf, tif, jpg,...) can be loaded (e.g.
corresponding SEM images of a SAM measurement)3sed@. A closing function for all windows
(see3.2.9 or all standard windowgsee3.29) 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 to 1200 dpi in six stefsee3.10.). The data achieved with the spectra analgéithe
active window (see3.2.17, of all standard windows (se€®2.1§ and before selected standard
windows (se€8.2.19 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 direct printoofsthe active window, all
displayed windows or windows selected bef@eeB.2.20. The menu [Fild Pr eset t i ng Pr i |
defines the individual setting of the printing out using five options.

The menus [File Select Spectijgsee3.2.29 and[File - Select Blockk(see0) allow the individual
displaying of spectra from the loaded data filee format of programmmmternal spectrum name

can be defined. The menu point [FI©riginal/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 can be closed (8e227.

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 correction of the active windose€3.3.4), a correction with théERF (see3.3.5, several
procedures for the background calculatiamd subtraction before the peak f#eé 3.3.6, the
subtraction othe spectral backgroundde3.3.7), a satellite subtractioiisee3.3.8, 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 manipulatiorisee 3.3.1§ and operation(see 3.3.17. Additionally, a normalization
routine with four different methods is availalfé=e3.3.19.

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

and Levenberg. The programme allows choosing product, sum or convolutioaussiéh 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 values. Moreover,
parameters may beetbrmined 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 peaké&ee3.10.)).
Different options are available, enabling thser 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 of the chemical species (eegCfas
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 tablpjoviding an easy wayor 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 thvith

0 C olipPya sfunetidons or exprted 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 experimental curve befdnegitite

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 artthe 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 on a fixed parameter poifhe fit parameterand 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 reloadf the original measurement data for @ée3.5.3 or

specific selectedstandard windows(see 3.5.49 is available. Five different presentationdor
parametedependent measuremsnsee 3.5.14 3.5.15 and 3.5.19 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@ae3.5.5. With a parameter plot the fit
parametersthe backgroundree areas, the minima or maxima of the spectra can be plsged (
3.5.8.

A Quantitative Analysis (see3.6) is possible from survey or single spectisingionizationcross
sections as given by Scofield, empirical sensitivity factors by WdgnetPS and PHI for AE®r
defined individually by the user. The quantification table may be transferred to the clipboard via the
copy-pastefunction or expord as image800 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, series parameters or machabgn valuesThe film thickness
can be estimated by two different meth¢skse3.6.2and3.6.3.

The Information/Editing (see3.7) givesinformaion aboutthe settings of the active windosee
3.7.7), the acquisition parametefsee 3.7.9 or the processingtepsof the activated standard
window may be displayed any timgee3.7.3. The charge correctiofsee3.7.4, the quantities of
the peak fit(see3.7.5 and the correction of the magnetic fidkke3.7.8 (important forXMCD
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
spectrumthe modified spectrum or the peikcomponents 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 parameter, pass energy,lgs& mode, lens mode, x position, y positidwell time, start and
end energy, and number of accumulatjomay be edited in a special stdutine for all opened
standard windowsgsee3.7.1). Additionally, the batch paramese(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 presented as chemical state pagner 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
section(see3.7.18 can be plottedA special tool for the daulation of AES sensitivity factorsee
3.7.2) is available.Additionally, the main memorysee 3.7.20 usable and cuently 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 axitsee3.8.19

as well as the x and y recording positidie design setting, the spectrum title and the complete
labelling of the ative window, 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 optially. Additionally, the spectrum may
be entitled and labelledith formatted or unformatted texsee3.8.5 3.8.6 3.8.7and3.8.8. The
nunber of decimal placegf the values on all axes (enefiggve numberintensity parameter axis
X-axis and Yaxis) can be fixedA zero linecan be displayed optionallizor 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 window, selected or all wimdo(see3.8.10and3.8.1]). 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 software (e.g. Origin, Ex¢eltc) 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 dislayed using different forms.
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The menuCalibrate Intensity Scale(see3.9) allows the determination of the transmission function
of the spectrometer in two differeways. 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, particulgrtgvious ornext ones

(see 3.11.6and3.11.7,
hide standard windowsee3.11.9,
hide standard windows (manu&bee3.11.9,
changingmanuallythe window size and positiqsee3.11.10),
changing of the windows numbgsee3.11.1)
four closing functionsdr windows and standard windows
(see3.11.133.11.143.11.15and3.11.16,
show windows video sequen(see3.11.13
two resizeoptions (activated or deactivated) for all windows or image windows only
The windows sizes and positions are saved in the UNIFIT projects.
The menu poinUNIFIT (see3.17) gives information of the version numbérg revision codethe
name and address of the owner of the licetiee usd Windows versioras 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 closingith 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 especially if several compongstfere 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 problems. In order to obtaincahemd
physical parameters in detail, however, it is absolutely necessary to include the background functio
in the iterative peak fprocedure.

The primary functionF(E) results from the experimentally obtad function M(E) and the
background functioB(E) as

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

The energy (XPS: kinetic energy, XAS: photon energjf)the spectra can be described as
E=SE+SW{di- 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 baselinas calculaed before initiating the fit proceduyéhe backgroundsiset to the averaged
experimental functioM(E) in a sector around the chosen start and end channels.iVéhleft
channel Eu: low energy side) ang as right channelE&: high energy side) the simulation of the
baseline is obtained as

B(E) =M(E) ©)
and
B(E,) =M(E,). 4

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

A MG, +i)
M (i,) = M’W ®)

and at the high energy sidath

E MG, +i)
M(,)== 6
M) == ©)
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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,). ®)

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 peaks derived from surfamgesp which are hardly
affected by inelastic losses. It is calculabgth

B (E)=a(E,- E)+c (9)

wherea results from the following equation
1= M(E)- M(E,)
Ez b E1

(10

2.1.1.3Polynomial Background

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

B, (E) = ai+Di(i, - i) +Ci(i, - 1)* +di(i, - 1)°. (11)

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 peaks of buried species, whidkredf 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 obtained background
function does notllange anymore. The analytical expression for the Shirley background is

B, (E) = er(E')dE-+c. (12)

The algorithm of Proctor and Sherwoo?] ppplied in the programe UNIFIT is based on the
assumption thatfor 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 backgrourgd(i) in channel is given by

=0 b0 a0
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wherea and b are the measured intensities in chanaednd iz, respectively, andP(i) and Q(i)
represent the effective peak areas to lower and higher kinetic energies relative to the channel und
consideration. An iterates procedure is necessary becalseand Q are unknown. In first
approximatiorBg(i) = b is used.

2.1.1.5Tougaard Background

The Tougaardoackground model3 4] has originally been devagbed 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
energy losses is recommendéthis 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 inelastic mean free paththe electrong. The
backgroundBrH(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

/(EYK(ET)=———. 1

BYKED) = (o (15
or theThreeparametemelastic electron scattering cross section

/(E)KET) =1 (16

(C-T?)?+DT?

In order to use both loss functio§, 6] with UNIFIT the Five-parameterinelastic electron
scattering cross sectiomith the additional parameté? éand the gajenergy parametero for a

better simulation of the lssstructure of insulators waseatedWith C& 1 orC &=-1andTo =0

theinelastic electron scattegrcrosssectiongecommended by Tougaard canviriiten as

B(T-T,)

EX(ET)=QAT - To) (C+C'(T- T,)?)?+D(T - T,)?

(17)

with AT<To® @ oand TATo=0.Itis absamed tha(E) = M"(E) for a loss energy

of approximatelyl00 eV. The values foB, C, C§ D and To in the universal loss function are
empirically estimated by Tougaard to be 2866 e¥$43 (eV¥, +1, 0 and OeV respectivelyB, C,

C 0D and Ty can be defined manuallyhe parametarC, C oD andTo 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 theing of the Tougaard background in case of lines with an intrinsic
asymmetry (e.g. 4metal lines).

2.1.1.6Polynomial + Shirley Background

The superposition of the polynomial backgrouBsd (see eqgn. 1(1)) and the Shirley backgund
Bs(E) generates the backgrouBds

Brs(E) = B, +€iBs(E) - (18)
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The parametea @ fixed at the minimum of the experimental functddm(M(E)) while b &c ,&d 6
ande 6an be varied manually by the user.

2.1.1.7Fittable Background XPSAES/RAMAN

2.1.1.7.1 Homogeneous Samples

A rather general approach for the characterization of the backgmurwte level photoelectron
spectra takes into accduall previously described contributions, weighted by the background shape
parameters froma, b, ¢, d, e, B, C, C'D and To (with Bs(E) = Shirley background and
Bru(E,B,C,C',OTo) = Tougaard backgrourfdr homogeneous sampjes

B, (E,i, Ps) =B.(i,a,b,c,d) + By(E,&) +B,,, (E,B,C,Ci,D,T,). (19)

The parametera, b, c, ddefines the polynomial background arelthe Shirley contribution. The
parametersB, C, , B and To (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) - Br(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 part of thens, recommendeéspecially 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)? To/leV
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 OxideAl203 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@kmponentSG. In that case
M*(E") in egn. (14) is substituted by the pedik componentsSC. The numbeand the sequena#
peakfit components and Tougaabdckground functions kato be the same. The generation of the
advanced Tougaard background is adieps series calculation.

The Tougaard backgrourih for inhomogeneous samples wkldifferentchemical compounds or
elementsK different peakfit componentspf thesample can bdefined ly

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

with the partial spectrd;"(E) = M;(E) - Be(i,a,b,c,d).
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M*(E):é_ M’ (E). (21)

By using ofequation {4) we can also write:

B (E. Par) = & By - @2

The number of elements of the parameter veﬁgqris 5k Because we have no information about

the partal spectraM’j(E) a substitution of the measured spectrum by the fit compd®6nin
equation {4) is necessatry.

By (E.B;,C;,C';,D,.T,)) =/ (E)3K;(E,T)SG (E')dE . 23

Because the fit componen8G 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 can write:

Bro (E.B;.C;,C.D;,T,)) =/ (E)3K,(E,T)SG (E)dE, m=1 (24)
and
Bl (E.B,,C,,.C",D,, Ty ) =/ (B)AK, (ETISG (E') + By JdE, m22. (25

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

B, (E,B,C,C,D,T,) @By (E.B,C,C',D.T,). (26)

For inhomogeneous samplie Tougaard backgroundr homogeneous samplBs+ is replaced by
the Tougaard backgrounfibr inhomogeneous sampl&s; and gives the universal background for
inhomogeneous samplBs

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

with the backgroungharameter vectoﬁ'B and the parameters of the Toagabackgrouncb'm. 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.(B)=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 surface species, which are hardly
affected by inelastic losses. It is calculated with

B ()=a(i-i)+c (30)

wherea results from the following equation

a= m(lz) - I\W(Il) (31)

-1

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. The analytic formula for theley background for XA
spectra is

~F1

B(E) = N 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 i@ similar shape as the-salled 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 calculat& in the direction of lower photon energy. The measunngtion is
weighted with a universal loss functi&n(T) and the inelastic mean free path of the electBr(&)

IS given by

B.(E)=/ r'SlK(E'— E)M’ (E')dE. (33)

with M*(E) = M(E) - ¢ (seeeqgn. (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 backgrad

Boo(E) =ai+bii - iy) +ci(i - i,)? +di(i - i,)° +eiBy(E) (34)

The parametesd the valueM(i1).
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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 improed 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 funistitre
antiderivative of te Lorentzian functionThe analytical form of the error function is given by

2 E 2
erf(Ey=——pQe’dr. (39
9
In the programme NIFIT the following approximations are used. Witk :EZ—CI;OS and the
- S

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

erf (E) = 2 8 o + Bor _ Bun 8 00Eeri<1 (36)
Nr %e” 3 10 420
For large values dEerf the continuous fraction seriespgansion is used:
e' Eezrf
erf(E) =1- — -, EerOL (37)
a Q
\/Egerf * 2B + ; 2 8
g Eerf"zEerf =
For negative values @t we use
erf(E)=-erf(-E), Ees<O. (39

The Arc tangent function will be calculated with

Arctan(E) = Arc tar%E _bEOS §. (39
¢ s =

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 &g = 1 results in a Arc tangent function. With
the additional summariy/2 only positive function values are receivedis the step height.

Bii(E) = h—zs . hsga%(l- Mys) @rf (E) + Mg c‘% Arctan(E)§ (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=10

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 - i) +c(i- i,)* +d(i - i)’ +eBy(E) (41)

describes the backgroun8d- Shirleybackground)
2.1.2.6.3 Step Number> 0

The step backgrountb describe the spectral background of XA spectra isgmeraly 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:

AN &
Bii(i) = & Bj(i, P (42)

i

The parameter vectq?lfsjincludes four parameters fdefining each step functign step heights;,

mixing of error and Arc tangent functidlvs;, step positiornEgsj and the FWHM of the step2 ;.
The polynomial background is added to the step function in the following wayislthe channel
number ofthe step function at thephoton energyEosj+ 2 Aj¢hen we can define the following
equations for the calculation of the ®&ackground

Biii(i)=a+§Bji(i,&j) , 1< 43
Biii(i):a+§‘Bji(i,|c(J:Sj)+b(i- i) +c(i - ilj)2+d(i- Iy 0 10 i (49

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

2.2 Subtraction of Satellites

A subtraction of satellitesaused by nomonochromatic 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%able

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 instited i al ogue O6Definition Excit
di al ogue OPreferencesdé. 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 = 0 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(1316.#)

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 0.55 045 |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(4m’ - 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" (@037 - m(m+1)) j +(2m- D2+ JYM (i +1)

a4 ] 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

L= m(4n7 - 1)(2m+3)(m+1)
3

mit m<j<-m. (47)

The smoothedmectrumM*(E) results as

M (j +i) = ‘_é.”‘((5(3t2 - m(m+1))j*+(2m- 1)(2mL+3)tj)+m(m+1)(3m(m+1)- 1- 5t) M(j+i). (48)

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+ e¥u E (49
(G a
and the Gaussian functi@(E) (Fig. 3)
G(E) = exp. In ZH (50

by

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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¢ E-E, of . § & E-E of
f(E)= hC§1+M %b+a(E-EO)H§ cexp.r 1- M, ){n 2 Céb+ A(E. E)Hlff' (51)
Sum
E- E, gP - Ny F - E, ﬂP
f(E)=hOM,, C§l gb+ a(E- E)H; +h@ M\,)@XplI InZQ, (E E)H; (52

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 theligwvailamnalytical
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:

ol

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

-

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-lmwergy tail of the peak and is determined by thieier of

the secalled asymmetry parametdrDS(E)is given here as

e(E E)QU

e a
cosp—+(@1- a) arctaré
DS(E) =hO — : (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 tfdence 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) =vVE (59)
one gets equatiorm§) of the model function as the following
f(E)=fW*G) = fV(E')G(E- E')dE". (56)
| | I
;':E:% ................... Gaussian
i : 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 trence band close to the edge is also approximated by
linear function The programme UNIFIT offers the convolution of the linear functidw/(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 functifmmsnodelling this edgeWVith

_él,: E<E,
AB=Ts. eo g (59

oneget equation §0) of the model function as the following

f(E)= f(Q*G) = nfp(E')G(E- E")dE'. (60)

2.5.5 Chi-square

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

The sum curvés givenfor homogeneous samplbg

G, 6= & SG () + BO). 63

and for inhomogeneous samplss

S, 5) =& [SC (i, ) +B, (i, py)] + By, 62

k
j=1

with the functions of the componen&G(i), the background functiom(i) and the number of
component functionk. Describing the averaged error of the experimental kligidaby the square
root of M(i), the sum of square errog$ results in

(S - 4 (S(, bz/l -(igxl(i»

: (63

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

square errors which is minimized in UNIFI® 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 Ckéquares® canthen be obtained as

The expected value 6f” is about 1.
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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(,p)- M (), (65)

the Abbecriterion is given by

a (R@i+1- R()?
Abbe= = 1L . (66)

4 (R())’

i=1

The value of theAbbe criterion indicates the existence of correlated residuals and thexdfore
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 residubR expresses the deviation between sum curve and experimental data. In the qmegram
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 ¢ (64) using a defined set of parametes$.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, energyEo, full width half
maximumFWHM = 2-b, asymmetryJ;

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

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

The approaching o c o mponent s Q opinsizing pasameiters. AFithof 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) is a square function of the parameters. Te&€may be minimized in one step.
Otherwise a Gaussiadewton iteration process is necessary to find the minimueh .of

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

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

with the Jacobi matriyd (i x j elements)

HR()

3G, jy = RO
(i, ]) ™~ (69)

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 estimati of gb(j)

JTI6h=-3"R. (70)

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

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

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

the initial peak parameter set. The following equation is used

QTI+MDEAT)P=-I"R (72)

with the diagonal matri©(J™J). J™J are the diagonal terms of the matiband & 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 GaussiaftNewton 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 k a new solutiondd is searchedf after a limited numbreof 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*(p«) has a parabolic form around the minimuhe unertainy of
oneparameteshallincreases® by 1. That is, if one parametpki s changed pwndan
all other parameterg  are optimized for minimung® 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 cal c pdfa indemendend darangeters is shown in the following lines. We expand the
left side of 2) to the second order in a Taylor series expansion.

1p?c?
Dpk +§u 2

R upk

(Dp, ) (74

Po

2
c*(p, +Dp)=c*(p )+ I:u:k

In the minimum of&? the first derivative equals zero. The right side7a) @nd tfe right side of 72)
give
1p’c?

ci(p+1=c(p)+ 57 (O’ (79

andonefindsf o px @

(76)

In theregularcase of the calculatioof fit parameters the parametgksare not independent and so

2 .2
the values% are calculated with the matrkt.
k
2 2 A2 2 A2 2 .2 XN
dalcl W el g
& Hp; Hd; HP, HMP,UPe O
wuzcz p.202 u2c2 0
H=® = o 0 (77

adP, Mo, Ho; MR, Pe ¢
6euzcz p‘202 p.26.2 0
CHPHP;, MDD, wpz 2

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

2.5.9.1Inverse of the Matrix H
The cal cylismade@anan mversiogp of the matix77).

B=H"! (78)

The fitparameter errar qp« are thesquare roobf twice the values of the diagonal terimg of
matrix B.

Dp, = /2 (79



2 Theoretical Base 39

2.5.9.2lterative Calculation

The idea of the iterative calculatia Ok is to increasepk stepwise to form a new parameter
p=px + Ok The first values aréhe fit-parameter errors of independent paramefgxs These
values are given by the diagonal teftmsof the matrixH (77).

- |2
=2

During the new iteration téind ¢, p« is fixed and all other parametersgmre free. When a new

2
new

2
new

< ¢?+1 then a newp is calculated using an increased

2
new

c?, is found,it is compared ta&?. If ¢

Kk, and a new iteration is startdd.the conditionc¢ c’ +1 true, then the first fiparameter
d terat tarted.th dit 2 c%2+1°t then the first f t

error Ok is found.
Since the functions® is not always exactly symmetric, the behaviour@k is also tested for
negative values anfbx. calculated. The parametépk is thelarger one of botipx1 and Dok

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

Case LiIf P - Pemin € Pemax - P and DO 2 Py ex = Pethen DB, = P o - Pic,

Case 2:If Py - Pumin = Pemax = Pc @and Do, 2 Py - Py in thenDP, = Py = Py i -
Step 1: Calculation ofé®> and the fitparameter errors of independent parameters of the pardimeter
setn = 1:

Py
mein, = 2
- ¢ My 3

Step 2: Setpk=px + Ok, parametek is fixed and all other free parameters are optimized to find a
new c?

new-

(@]

2

new2 CZ +17 Dpkl = nDpk
Step 4: Repeat the procedure with, = p, - Dp, and find the valudPx.
Step 5: Dp, =Dp,,,

Step @ If Dpy, > Dp, then Doy, =Dp,,
Step 7: Repeat the procedure with all other free fit paramegiers

Step 3: ¢2, <c®*+1:n=n+1gotostep 2 or

new

2.5.10 Calculation of PeakAreas Uncertainties

In the prograrme UNIFIT the areag\( p) of the componentsare 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 (P) = A (p+Dpj- A (P (81)

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

DB(P.) = B(P, - DPs) - 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(H [M @i)- B(i)], then the error of the area of the total

i=1

spectrumDA; is
DA, = swc"z; {M)- [B(i)- DBM)]}- [M(i)- B(i)] = svvc% DB(i) (83

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

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

DAG—DA+A"dD 84
DAL P (84

For calculation of the error of relative areDAF‘ij (b} from component j we use

DAC, = cpa, + - oS, (85)
| %2 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 thecertaintief the FWHM of

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

DFWHM, (p) = FWHM, 5+ Dp) - FWHM, () (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,6” +a,€ +a,e" +hE™ 87

with E as the kinetic energgnd

_(E- E)
e= o (88)

The fitting parameteao, a1, a2, as, as, b1, b2 andEo (If Eo 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 adédescribed in chaj2.5. In this case,
however,i t r suer@y spectré&§E) with T(E) = 1, taken at the reference spectrome®®} pre
fitted to the meaged survey spectra(E). This fitting is done by multiplication with a
transmission functiohavingvariable parameters.

b.b,E)=4 [S(E)T(E,%,%,%,Skziq,bz,EO)- M (E)] (©9)

c*(ay,a,8,,8,,8,,

The functionT(E) is fitted to optimum, whew®i s i n a mi ni orveyspectfalofeAu,fit r
Ag, and Cu are provided with the prograeUNIFIT. It is recommended to try the first filsing
only the variablesy, b1 andb; fixing all other parameters at zemadEpat 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, Audp,, Ag 3d,

Ag 3pz, Cu3p, Cu2pmp, Ge3p and Ge&ps» 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 sectiaigE, hs) and

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

A

- (90)
/ (E)s (E,hn)T(E)

A

With the known values of the inelastic mean free @éf), the ionization cross sectiaiE, 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 amsX: and Xz using known values for cross section and mean free
path and exactly estimated peak arBagives the ratiaXi/X2, we can determine the transmission
functionT(E). Using Eqgn. (1) we can write

A
s,(E.hm)/ (ENT(E) _ X,

A = X, (92
5,(E.hm)/,(E,)T(E,)

A
A

andthe separation of (E1)/T(E) gives
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X A
" 5,(E,.hn)/\(E) _ T(E)
A T(E) ©9

xl
s,(E.hn)/,(E,)
Introducing the normalised reference valuef a photoelectron peak

- A (94
X;s:(E,hn)/,(E)

we can write for the phottextron peak pair of peak 1 and 2
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+ae” +a,e +a,6' +hE,” (96)

with the fit parameterao, ai, az, as, as, by, bz, EoandU= (Eo- 1000e\}/1000eV The calculation of
the reference values for the photoelectron peals 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{&)

SSD= ééT(EZn) C.'DZn-l(EZn-l) _

nzl(; (E2n—1) ®2n (EZn)

&
1§ (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 enerdge:

T(E)

WE=1E,)

(99)

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

-20 <= a <= 20,-20 <= a <= 20,-20 <= a <= 20, 200 <= b<= 200 -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 radgg&) > 0) a special
normalization of the input data is necessaryStfm the sum the intensities OF(E) at two
corresponding energies

Sum=T(E,,) +T(E,,. 1) (99

and theSum the sum of a pair of the input data
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Sur@ = r2n(EZn) + r2n— 1(E2n- 1) (100)
then the two normalised plot values of the referemcput datar are given by

2n, plot = Sumsol;zﬁe(Ezn) (101)

rzn_ 1 plot — SumOZH—l(EZn— l) (loa

Sum

If Eois 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$23]. 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([ERXPST Energy Resolved XP3)ses the differanMPFs of electrons at different
kinetic energies if the electrons pass the figsr (MFP film). For the thickness determinatiorthe
different attenuation aformalized intensities 6f the substrate different films will be analysd.

5/ (E)/(E) 4 A1'(E)8
1= E)- 1 &) "H ) (109

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 filmlp at different angles® are usedgis the
IMFP or EAL of thefilm).

d=/ C"aosqmg—ll"(g;)

Qo

(104

e
|-CDON

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

(1095
whereZ is theatomic numbera= 1. @f20A1 0K e | e éforrl elecsons’5 6 19740k W O

electronsa n d ° GANlelectronsThe ionization cross sectidrof a subshell is given by

o /2 .
ns,®U - 1§

8& : 83%%10 €+ 2%- _oan[27+(u 1)1’2]u (106
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where(, is the ionization cross section of thth level (in cn), n, the electron populaih in the
target at ewm 6.u%anlile-OER/EC (ER= excitation energykc 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

A E. Q.
r =1+2.8%- 0.9—<al 10
where
h =-0.0254+0.016Z - 0.00018&°% +8.30Q0 73 (108

The Auger el ectatsofthe elementand transitiopis edlcaatetby
Snes =983, 0 (109

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

SF =5 pes O. O-(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@, ) =404G,j)- M(-1))- M@ +1j)- M@, j-1)- M@, j+D) (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 spectt§, j) using the
Laplace operatdior all ninepossible cases is defined @gn.(112):

&4 (i, j)- M(@i-1j)- M(+L))- M(,j-D- M(i,j+]) 1<i<N 1<j<O

SAON G, )= M(i-1)- M(i+1j)- 204, | +1) 1<i<N j=1
1401, j)- M(-L])- M@ +Lj)- 20M(, - 1) 1<i<N j=0
SAON (i, [)- 20M (i +1, j)- M(i, j- 1)- M, ] +1) i=1 1<j<0
LG, i) =14, j)- 20M (G- 1)) - MG, j-D- MG, j+1) i=N  1<j<O
}4c'iv|(i,j)-2Ch/|(i+1,j)-2c'h/|(i,j+1) i=1 j=1
1401 (i, j)- 200 (i +1,j)- 20, j - ) i=1 j=0
S4B (i, ) - 200 (i- 1,])- 20, +1) i=N j=1
FAM (i, j)- 2AM (-1, j)- 2O (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 valisyj) of every spectrumof the field
L(i, j) with exception of the elementB(i, j) andQ(i, j):

Ngl for L(i,j)<0, il Pk, j), il Qk,j)

N (1) =3 & ' ’ 11
=8N for Li 2o if PR, T Q) 9

d) Estimation of the number of channlsdj) for the calculation oA()):
Nae(i) =N- 2Ni- N .(j) (114

e) Calculdion of A(j) with exceptiorof the channel®(k, 1), Q(k, I) and the negative
values ofL(i, j):
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nave(j)?i“"”’ LG, )2 0, i1 Pk j), il Q(k,j) (119

A(j) =

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:

Pk, j) = (116)

e 0 for L(P(k,j) ¢ TOA(j). k=1..N'
tP(k,j)  for  L(P(K, ), ) >T O(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
channels of the spectrumis an element dP(k, j) and thereford(is, j) is a sjke, then the
intensities of the five channels (if availabM{is- 2, j), M(is- 1, j), 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 spectruvidi, 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@-1Lj+D+M(@,j-D+M(,j+1)/5 i>1 1<j<O

M (G _)_f(M(i-L1)+M(i,2)+M(i-l,2))/3, i>1 j=1
TR M@ - pema )2 =1 1<j<O
Casell) The measuring pointi - 1lori - 2 of the spectrum+ 1is element of
Pk, j+1),j <O, (k=1...N") (eqn.(119):
EM@-L))+M(i-Lj-D+M(@,j-D)/3 i>L 1<j<O
. M- 1), i>1 j=1
MG, j) =1 ( : ) . =
iMZ -1, i=1 1<j<O0O
M@, i=1 j=1

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

Mi(i,0)=(M(@-10)+M(,0-1)+M(i-1,0-12)/3 i>1 j=O (119
MiLO)=M(@LO-1, i=1 j=0O (120
Mi(i,)=M(@i-21j)+M@,j-D+M(G-2j-2)/3 i=N, j=O (121

CaselV) The spectrum number 1 (first spectrum of the serieahd the measuring
pointi = N (last point in the spectrum):
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Mi(N)=M(N-11), i=N, j=1 (122

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

Mi@i, j) =M, j) (123

6. Fig. 4 illustratesthe different spike correction steps. Examples for a spike correction of
Raman spectra are saviedhefolder: Unifit_2025 User_FilegexamplesRAMAN .
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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) léo@s (hel number,
the functionality and the size of theons can belefined by the user)in the followingtermsin
boxes (e.gl OK ) refer to command buttons, whileommands shown in square brackets
represent pultlown (e.g. [File - OpenSpectra- XPS - VGX-900 (*.1)]), popup commandge.g.
[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 windoviLi20 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 describe®.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 @y@bled 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 FRsintee
Axes/Lines/TexPrinteé
Plot EnergfWWavenumbeAxisé
6. Plot Intensity Axig
Modify:
7. Original/Accept Preferences
8. Undo
9. ProgranmeInternal 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

©oNoGa~MLONE
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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 softwaresupprtsthecommon 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). Theprogrammeinternal peak nansean be:
a. Spectrum name without extensi@@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®’, ¢ 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 desiredtéttposition 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 lifokttte 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 menuryice with the experimental data should not be
removed or changed during the processBiggle spectra, muHliegion 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 availabletigtisame name ardbatch
indicatorwill be greater than the old value by otigen 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 routines3.2.1.1.103.2.11.17,
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 idSi&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 ted for some of the daftarmats. The names of single
regions (e.g. C 1s, S 2p, O, Ec) should notbe used twiceAll region names should not include
the charact@oar o6alnd\e d.tTrheeampled forreeperiméntal data files are
summaai zed in the book OLiI h\ersith@R®Ht 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 parametedifferentx- 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 modifiediith 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 speéitaacquisition parameters may be
modifiedat point 0.

Note: Theusage of a SSD hard diskd the definition of Unif2025exe 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\Wersien22% 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 Varsion20Z0 a n ¢
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 the ldadiny of life and Gultipant (r@aspafise 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 tpositior]y 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$ Version202% 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/ersion202% 31 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 Version202% 3. 311.8)7
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3.2.1.1.6 PHI-5400/5600 (*.INF + *.ASC)

The software used with P¥B0O0 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 OLiIi ne TReson202%0 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-igdxiThese
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 theluwasignations (Ag§d, Cu2 p 3 é )
(see book O6Line PoisMesiond08% 3andl. D&@j a 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 parameteere 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 ©bYesion2d2Hi e 1P dsdli)t.

3.2.1.1.9 VGX-900 (*1)

The software VGX900 supplied with VGpectrometers 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 hauhe 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 PoisMemsion208% 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 Version202% 133). The x and yposition of the recording point isvailable.Special
options(normalization or sum operationf the input may be selected in the megint Importi
VAMAS (*VMS;*NPL) i n t he di al o a®). b 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/ersian2025 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%0k3b)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 o6éLine Posit
Formatsi Version2025 , 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 dialedpox. The intensitea r e saved as c¢cps (see b
and Data Formafs Version2025% 137).

3.2.1.1.16 ScientsSESSignals(*.TXT)

This special data format is used from the research centre of Kar(@EBesoftware)The energy
values have to be stored as kinetic energg (seb ook o6 Li ne Posi iVesiors and
202% ,1.193..

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 specttisimg this option, a series files
of a batch measurement can be loaded automati{sak.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 PoisMersion202% ,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 ofredions bfook 6 Li ne Posi ti on$ an
Version2025% , 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 format (different software versiong)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 thee&&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 Hhigdethe 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 recondimgefmas (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 o0 k  a lionsnaad DRta $armafs Version 2025
3.1.21).

The file name is used as spectrum name. Additionally, a batch parameter can be déainiegut
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 camed 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 f
202% 1322).

3.2.1.1.22 SSI XPS (*.MRS)

This special data format is used by theiversity Staford. Only one region is savet@ihe header
includes the recording parameters (e.g. startl energystep width, excitation energy,). Only the
first data blocks loadeds.bookd Li ne Posi t i onisVeraian2025Da33pl1 F2 r ma |

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 fadlwing eight generation options:
1. Counts Per Second: yes/no,supported
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Kinetic Energy Axis: yes/no,supported

Separate Scan Data: yes/no,supported

Separate Channel Data: yes/no,

External Channel Data:  yes/no,ring current, mirror current, TEY are qurted

Transmission Function:  yes/no,

Asymmetry Recalculation: yes/no,

. ErrorBar: yes/no.

The acquisition parameters are stored in the e@dbéooka Li ne Posi tiong$ and
Version 202%  34). Multpoint (Area) scans include the x andrgcording position of every
region.Optionally the intensities, the ring current, the mirror current or the 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 beeated For the definition of the reading options $#0.1

The step width of snapshot scans is not equidistdrdrefore the energy values of the intensities

are not used from the original data. The energy values arstefpevidth are calculated using the
initial and final energies and the number of the snapshot channels. The 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 phemented into UNIFIT for a spectrometdrthe HTW Berlin. The

exact data structure is showntithe b ook OLi ne PosiivVérsion202% ,a f&. ID.at a
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.

©NOUAWN

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

This input routine supports the simplest form of measurement data formats' €okrhn includes

the values of the decreasing bimglienergies and thfellowing columrs states the intensities. All
comments without greceding number before and after the measurement data are ignored. The
characters of delimitation are arbitrary (no point!). Tdeximal character must be a point. The
aqquisition parameters:

- Excitation energy,

- Name of region,

- Comment

- Dwell time,

- Number of accumulations,

- Analyser mode

- Pass energy

- Lens mode

- X position

- 'Y position

are to be provided in a separate diawgox ( b o o k aL i n e Dald-srinatdi Memsien a n d
2025 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
a L i n éondaodsData FormatsVersion2025 3.1.5).

3.2.1.1.27 1. Column: KE decreasingFollowing Columns: I ntensity (*.*)

This input routine is the same as describe@.th1.1.25ut the kinetic energy is decreasifigpok
d.ine Positions and Data Format¥ersion2025 3.1.5).
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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 increagifbook
aLine Positi onisVeraan2025p3altZ. 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. Duringngatata are converted into data
with equidistant step width. Not available intensity values are calculated by linear interpolation.
Before reading, the data are ordered according to the energy values and the step width. The small
generated step widtls i0.01 eV. The input of XAS data changes the labelling of #axiX to
'Photon energy / eV'. All opened 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 datath nonequidistant step widths typical for NEXAFS
measurements. Firstly, the smallest step waittof 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. Thaxk will be annotated with
OPhoton energy [/ eVbd. Al l necessary recordi:
inserted manually book aLi ne Posi ti Vavsios202&82.1)Dat a For mat

N
4
e = o e e g 8 E
Peak name SA-SingleReg-VB Sum Spectrum
Batch parameter @ Single Scans
096 - Normalize Data...
O activated! Column 3 Column 4 Column 5

Select Single Scans
@ 1 @2 ©3 ©4 Jce6 97 ©8 @9 @10
2 11 912 213 2814 215 =216 817 =218 =19 =@ 20

o
]
N

All Scans Load Scans ) Create new Sum Spectrum
O Preview Scans
® Test Scans

No Scan

Spike Height I(E) X |5

Intensity / keps

Cancel

o
FY
@©

0.24 -

0.00 1 i 1 1
1935 1912 1889 1866 1843 1820
Binding Energy / eV

Fig. 6. Dialogue structure of the data input of the spectrometer Focus CSA

3.2.1.2.2 BESSY-EMP/2 (*.*)

The data are saved in a number of columnsC@lumn: Photon energy (increasingext columns:
intensity, reference data). The recording parameters are saved in the header (hnumber of data poir
dwell time...). A variable reading routine allows the allocation of the different columns to the
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correct data form. The intensities cantb@ r mal i zed optionally wusing r
Positions and Data FormdtsvVersion2025 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 symokron in Lund. The data are saved in twelve columns with

eleven characters. (Column: Photon energy (increasing), next columns: intensity, reference data).

The recording parameters are saved in the header (number of data points, dwell time...)l& variab
reading routine allows the allocation of the different columns to the correct data form. The

i ntensities can be normalized optionally usin
Formatsi Version 2025 3.2.3). Start energy, end energy and stegth of the input can be

changed optionally.

3.2.1.2.4 LausanneNanoLab (*.*)

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

allows the allocation of the different columns to the correct data form. The intensities can be
nor mali zed optionally wusing referenceersioat a (b
2025 3.24). Start energy, end energy and step width ofrthat can be changed optionally.

3.2.1.2.5 SPECS Prodigy(*.XY)

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

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 Reclgulation: yes/no,

. Error Bar: yes/no.

The acquisition parameters are stored in the healdes external channel data of the correct
excitation energies are necessawith the energy data sed in the data block titled #
ColumnLabels: energy ExcitatioBner gy [ e V] (1 SI S&nd éntekBrgy, step new
width (minimum: 0.02 eV)and nunber of data points are generated. The new intensity values are
extracted from theriginal one using linear interpolatio@ptionally the intensities, the ring cant,

the mirror current or the 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 Eogatexidefinition of

the reading options s&10.1( book aLi ne Posi ti Vasios202&i8.a86).Dat a For

ONoGRWNE

3.2.1.2.6 1. Column Photon Energy decreasing/2. Column Intensity (*.*)

This input routine supports the simplest form of measurement data formats €okrhn includes

the values of theatreasing Photon energies and thec8lumn states the intensities. All comments
without apreceding number before and after the measurement data are ignored. The characters of
delimitation are arbitrary (no point!). Theéecimal character must be a poifithe acquisition
parameters:
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- Name of region (comment),

- Dwell time,

- Number of accumulations,

- Pass energy

are to be provided in a separate diawbgox( book aLine Posi tiiMemsien an:
2025 3.25).

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

This input routine is the same as describe8.th1.2.6but with increasing Photon energigmok
aLine Positi onisVeraian2025p3&a2tt)a For mat s

3.2.1.3 AES

The AES measuring data have equidistant step widths and a monotone increasing or delKEeasing
energy scale.

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, paramdte pendent measuring series |
scans, multipoint (area) scaass we | | for further treatment
Formatsi Version202% 3.3). The x and y position of the record point is available. Special
options (normalization or sum operation) of the input may be selected in the menu point
[Preference$ Importi VAMAS (*.VMS;*.NPL)] (see3.10.]. In case of a multipoint scan the
batch parametsrare generated using the and yposition (x|yfb o0 o k : 6Line Posit
Formatsi Version2025 , 3.1)3 .

3.2.1.3.2 PHI Spectrometers/Single Spectra (*.SPE)

This special different data formats (different software versions) are used fronPHihe
Spectrometerge.g. PHI 700, PHI 680 ¢é ) . The acquisition param
SOFH to line EOFH using the AS@kxt 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 itiesnis four or eight
times higher as the number of channels of all regibne ¢ k : O0Li ne Positiions
Version202% , 3.23).

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

This special different data formats (different software was) of profilesLine 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 intesity 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 higher than the number o
channels of all region®(o o k : OLi ne Posi tiiVersion2026h ,B.2.DARR®) For
and3.3.2.3 (*.MAP)).

If the x-y points at theenergyE of a mapping have one intensity valuenly, two additional points

are generated during the input routin@&¢ 1) =1(E)/100,IE€) = I(E), I(E + 1) =1(E)/100).

3.2.1.3.4 1. Column: KE decreasng/Following Columns: Intensity (*.*)

This input routine is the same as describe8lil.1.2%ut the kinetic energy is decreasing
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3.2.1.3.5 1. Column: KE increasing/Following Columns: Intensity(*.*)

This input routir is the same as described®if.1.1.2%ut the kinetic 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 step width. Not
available intensity values are calculated by linear interpolation. Before reading the data are ordered
according to thevave numbewralues and thetep width. The smallest generated step width is 0.01
eV. The input oRAMAN data changes the labelling of theaXis 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 changed during the input proceduracduisitionparameters 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 structar All typical measurement types (single spectra, multi region spectra,
batchparameter measurement, XY mappings) can be saved. Many (not all) tamgyiarameters

areavailabldb ook : 6 Li ne Posi ti Vaosiors2028n d18Dat a For mat s

3.2.1.4.2 S VistaControl XY Multipoint/Batch Parameter Measurement

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

acquistion parameters. In case of a multipoint measurement the numbeanfl x*coordinates are
thesamébook: O&é6Line Posi ti Varsiors2028n d283Dat a For mat s

3.2.1.43 RRUFF (*.TXT)

This format has the RRUFF reference specttatd://rruff.info). The heade includes some
acquisition parameters and chemical information about the reference material. The downloaded
spectra are saved in a sped@ter. DocumentgJnifit_2025 User_File\RRUFF RAMAN spectra
(book: OLiIine Posi ti Vaosios02&818B43).Dat a For mat s

3.2.1.4.4 EMCCD LabRam HR800 (*,TXT)

This format permits the loading of one spectrum of the spectrometer EMCCD LabRam HRS800.
The acquisitbn parameters must be defined manuallige wave number has to be decreasing
(book: O6Line Posi ti Vaosiors2028n d43Dat a For mat s
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3.2.1.45 EMCCD LabRam HR800 Mapping WN Decreasing(*.TXT)

This format permits the loading of a large number of spectra of a multipoint measurement of the
spectrometer EMCCD LabRam HR800. The values of the wave numbers are saved inlthe firs

(decreasing) The positions of the recording points saved, too. The acquisitin parameters must be
defined manuallfp ook : 6 Li ne Posi i Veosiors2028n d5383Dat a For mat

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

This format permitsthe loading 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
(increasing). The positions of the recording points saved, tooaddpgisitionparametrs must be
defined manuallyp ook : O Li ne Posi ti Vaosiors2028n d68Dat 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 be loaded automatisa#$.?2).

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

This input routine ishe same as describeddr2.1.1.2%ut thewave numbers 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 data files

— are not necessary. The preferenagfit procedure, fit parameters and all design elements for
the newly opened windaware loaded together with the data. The charge correstiet for each
window. The global charge correction is not changed (e.g.
Unifit_2025 User_File®exampleSXPS\*.ufp; Unifit_2025 User_FileExercise¥.ufp).  The
windows are opened on the originaize andposition (before the project was sayeception:

image window}y and get the same windows numbéranotherwindow hasalreadythis numbera
newwindows numbeis searched. In thisasea saved quantification tabéannot le loaded.

A saved quantification table is |l oaded i f
ThicknessTabl ed i s act i v atTé&Edfunctidnh*arm)cwill he subystitutey byuhe e d
savedT(E) function in case the function is akable in the folder Unifit_ 2025 User_ File&PS
transfct. The currently used sensitivity factors (*.sen) will be substituted by the saved SF file in case
this file is available in the folder Unifit_2025_User_Fifensitivity factorsOtherwise a message

box is opened with a corresponding information.

To avoidchangesclose all windows before opening a projdatage windows are opened with the
original X-Y pixel format of the saved imagébooka Li ne Posi ti on$ Vesiod De
2025 4.2).

3.2.3 OpenProject Backup...

For the last five savepdrojects,a backupmay bec r eat ed aut omatically (

Project_backup 5.ufp. he opti on O6Save Bwatek (sg8.16.3. The Isadkuph a s

of the last project is named to Project_backup_5.ufp. This menu point allows the loading of the
backup files.
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3.2.4  Open ProjectProcessing Step®esignStandard Windows...

This menu point allowshe loading of previously saved processing steps (with exception of
the charge correction and interpolation operations) and desigmefedith exception of
formatted titles and annations).This procedure is a combination of the Ungibject procedure
(see3.2.2and3.2.10 and the batciprocessing function (s&5). The loadegrocessing and dem
operations can be applied using all standard windows with the same name asdhsimgstep
region( book aLine Posi tiiMuemsien202547). The lbaaingFobtineniagina
measurement datan beactivated n t he di alo@ue OPreference

Example 2: The processing steps ¢pectra: Unifit_2025 User_FiledtestspectraTest44
ProcessingDesignufp, processing steps/desighest44ppd are savef theregionsSurvey, 2p,
C1s,N1s andO1ls Two multiregion meagrementsare loaded (maybe using the batdie
loading). Ten standard windows are openSurvey 01, 3p 01, Cls 01, Nl1s 01, Ols 01,
Survey 02, 2p_02, Cls_02, N1s_02, Ols_02)

1.Open t he di al og RrefetreftesePretenereeas]cad settthe mumbeh of the firs

—

standard windowtdl, t he f it mode tChseth8diamgue.and 6 Rel ati v

2. Load the Unifit projecTest44ProcessingDesign.ufpwith [File - Open Test Projeét].

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

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

regions of the measurement 1 with &édSamplie O
4.1 Activatethe sandard window4 1.

4.2 [Annotation/Design Spectrum Title 1...) and the opt®All Windowsof the Same

Typeand activate the appendix 6Title + [Batch

4.3 Inputin the first edit field the titleSample.

4.4 Pres{ OK | All spectawillbeertitedwi t h 6 Sampl ed and the c

batch parameter.

5. Load the saved processing and design stapft 2025 User_FiledtestspectraTest44ppd
with [File - Open Project Processing Steps/Design Standard Windows].

6. A windowsseletion dialog will be displayed. Select all windows amtheate the batch

processing for all windows wit[__ 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 atepthe name of the loaded region has to be
the same. Pred 0K | for starting the batch processing of all ten regions.

3.2.5 OpenTestProject...

With O0Tebti tSpiexctpa@assi bl e to test gracfisbtieer ent
Tt handling of the programe 44 test spectra are integrated in the softwaaekage All test
spectra are saved as UNIFIT projects in the directdmyfit 2025 User_Filesestspectrat. up.

Saved parameter sets are available for the test spectra fro@i Tesfest12, Testl5 and T&St

from TestO1Start.par, TestOEnd.par to Test}tStart.par, TesttEnd.par, from TesttStart.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, Test2&énd.par, Test2énd, Test2+#nd, Test289-30-31-32-33-start.par, Test2&nd.par,
Test29end.par, Test3@nd.par, Test3&nd.par, Test32nd.par, Test38nd.pay Test3l-startpar,

1

o

r
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Test3-end.pay TestH-startpar, TestdB-end.pay TestF-startpar, TestF-end.pay TestB-startpar,
TestB-end.pay Test®-startpar, Test®-end.pay TestO-startpar, TesttO-end.pay Testt1-startpar,
Testtl-end.pay Testl2-startpar, Testl2-end.pay Tes#3-startpar, Tes#3-end.par (directory:
Unifit_2025 User_FileYest spectra). The projects wilhR e 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 1eV,
asymmetry O
Test02:Voigt function (for testing convolution)
1 Intensity1000, Lorentzian line width.T eV, peakposition 190eV, Gaussian line width 0.3
eV, asymmetry O
Test03:Voigt function (for testing convolution)
1 Intensity1000, Lorentzian lingvidth 0.3eV, peakposition 190V, Gaussiafine width 17
eV, asymmetry O
Test04:Voigt function with Polynomial background (for testing the polynomial background)
1 Intensity 10000, Lorentzian lingidth 1.7 eV, peak position 190 eV, Gaussian line width
0.3eV, asymmetry 0, lwkground: 105+1E+0.25E
Test05:two Voigt functions + background+ noise[26] (for testing the convergence behaviour)
1 Peakl: Intensity 10000, Lorentzian line widtfT eV, peak pasion 192eV, 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,
f Background: 105+1E+0.25H noise
Test06:two doublets: (for testing special parameter fixing function)
1 Doubletl: Peakl: Intensity 1000, Lorentzian line widtkeVl peak position 281 eV,
Gaussian line width &V, asymmetry 0,
Peak2: Intensity 700, Lorentzian line width 1 eV, peak positiéhe28 Gaussian line width
1 eV, asymmetry O,
1 Doublet2: Peakl: Intensity 800, Lorentzian line width 1 eV, peak positioe\28Gaussian
Line Width 1eV, asymmetry O,
1 Peak2: Intensity @, Lorentzian line width 1 eV, peak position 282 eV, Gaussian linthwid
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 80@sCou
1 Ols: Two peaks,
1. Peak 530 eM.inear intensity decreasing with z from 1000 to O counts,
2. Peak 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 eMWVith maximum of intensity at z=5,
3. Peak 101 eV: Exponential intensikgcreasing.
Test08: Two Peakswith Shirley background[27]( f or t est i ng of ndo daend f
Shirley background)
Two peaks with BV energy difference, mixing ratio 0.26WHM 1 eV, aymmetry O
Shirley background.
Test09: PMMA [ 27]: (for testing of convergence model function: Producttype)
Four peaks, all peaks have the same mixing ratio of 0.5a#dM 1 eV:
1. Peak: Position 289 eV, intensity 16.8 %,
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2. Peak: Position 286.8 eV, intensity 20.8 %,
3. Peak: Position 285.7 eV, intetysR0.8%,
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%#idM 1 eV:
1. Peak: Position 289.2 eV, intensity 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, inteng®0 %,
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 thenge mixing ratio of 0.5 andWHM 1 eV:
1. Peak: Position 285.6 eV, intensity 25 %,
2. Peak: Position 285.2 eV, intensity 50 %,
3. Peak: Position 285.0 eV, intensity 25%,
and Shirley background.
Test13: SatellitesAl (for testing of correctness of satellite subtaction AIK a-radiation)
Main peakat 2 100 %, O eV distand® main peak ,
Satellite pealas: 6.4 %, 9.8 eV distande main peak,
Satellite pealas: 3.2 %, 11.8 eV distande main peak,
Satellite pealas: 0.4 %, 20.1 ¥ distanceto 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 peakat2: 100 %, O eV distand® main peak,
Satellite pealas: 8.0 %, 8.4 eV distande main peak,
Satellite pealas: 4.1 %, 10.2 eV distande main peak,
Satellite pealas: 0.55 %, 17.5 eV distante main peak,
Satellite pealas: 0.45%, 20.0 eV distanc® main peak,
Satellite peak: 0.5 %, 48.5 eV distande main peak
Testl5: Four peaks as sum of Gaussian and Lorentzian functipsynthetic, (for testing the fit
setting: sum)
Four pe&s with a Lorentzian mixing 0.5 and=aVHM of 1 eV:
1. Peak position: 188.1 eV, peak height: 5000 counts
2. Peak position: 190.1 eV, peak height: 500 counts
3. Peak position: 192.1 eV, peak height: 2000 counts
4. Peak position: 194.1 eV, peak height: 1000 counts
plusa constant background of 100 counts.
Test16: Convolution of a Gaussian function and square root function (for testinthe valence
band edgefitting)
1. Gauss functionFWHM 2.6 eV
2. Square root functiorzero point 15 eV
plus a background of 30 counts.

E N

E
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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 te45 multiplied by two, energy shift: 500 eV
3. Window 3: spectrum from test 15 multiplied by four, energy shift: 1000 eV.
Fit parameters for the spectra are saved in testl7 peakl.par, testl7 peak2.par ar
testl7 peak3.par.

Note: For a correctioading and displaying of the project TesQuantification_Result.ufp th
following setting has to be used: [Preferericsr e f er ences ], Gr o ufumiged
of the first Standard Window: <12] and [PreferenteBr ef er ences]Js,0 @uri|f
t he s@penwithQuantification and Film Thickness Tdble

I (D

o]
—
(9]

Test18: Convolution of theta and Gaussian functions (for testing the Ferrgdgecalculation)
1. Gaussian functiorFWHM: 2.6 eV,
2. Theta functio, jump 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. Homogeneoudougaard background: B = 2866 (8VL = 1643 (eV, Co6 = +1,
To=0eV
Test20: Two lines with 4 peaks, sum of Gaussian and Lorentzian funans, energies:
Ga3d=104 eV, Ga2ps2=1117eV (for testing the film thickness estimation method 1)
1. Intensities of G&d and G&ps/2 corresponadvith a thicknessl of about 35 nm.
2. IMFP film was calculated byiMFP = 0.103E%74°
3. Takeoff angle was 0 degrees.
4. The start parameters for Ga 3p are saved in Test20Opar.

Note: For a correct loading and displaying of the project Te&iff@-ThicknessResult.ufp the
following setting has to be usdtreferences Pr ef er ences], Group 6Gene
of the first Standard Window to 1] and [Preferenicé&sr ef er ences] , o6Uni fijt

setting 60Openi wantan@QuBinkt mfTkhackness Tabl el6.

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

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

2. 3lines at 0°, 30° and 60° with a thicknelss 2,0 nm

3. IMFP film calculated withiMFP = 0.103E%745
Test22:Spectrum with 30 peaks,product of Gaussian und Lorentzian functions, generated
synthetically, absolute parametersnormally distributed noise
- All peaks:mixing ratio G/L: 0.5, FWHM: 5 eV, asymmety: 0, 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 25000 Counts

and so on.

Test23: Spectrum with 30 peaks, product of Gaussianund Lorentzian functions, generated
synthetically, relative parameters, normally digributed 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
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Test25: Spectrum with 30 peaks,sum of Gaussian und Lorentzian functions, generated
synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test22
Test26:Spectrum with 30 peaks, convolution of Gaussianund Lorentzian functions,
generated synthetically, &solute parameters, normally distributed noise
- All peaks: FWHM-Gaussianline: 0.5 eV, FWHM-Lorentzan line: 5 eV, asymmety: 0, peak
heights alternate betwe@b000and 12500 Countgeak separatior20 eV
Test27:Spectrum with 30 peaks, convolution of Gaussian und Lorentzian functions,
generated synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test26
Test28: Spectrum with 30 doublets, product of Gaussianund Lorentzian functions generated
synthetically, absoluteparameters, normally distributed noise
- All peaksof the dublets mixing ratio G/L: 0.5FWHM: 5 eV, asymmetry: (oeakheightsof the
1. Peaksof doublets: alternate betwe@3000and 12500 Countgpeak heights of the2. Peaksof
doublets half height @ the 1. 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:position120eV; 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
- Pe& parametegasin 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 Gausan- und Lorentzian functions, generated
synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test28
Test32:Spectrum with 30 doublets, convolution of Gaussianund Lorentzian functions,
generated synthetically, absolute pameters, 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 doulets: half height of the IPeaks, separation of doublets: 20 eV,
peak separation of the two peaks of the doublet: 5 eV
Test33: Spectrum with 30 doublets, convolution of Gaussiarund Lorentzian functions,
generated synthetically, relative parameters, nanally distributed noise
- Peak parameters as in Test32
Test34: XAS spectrum with 4 peaks, sum of Gaussian and Lorentzian functiotrKAS
background, generated synthetically relative parameters, normally distributed noise
- Four peaks, mixing ratio G/L: 0.BWHM: 1 eV, asymmetry: 0, energy form: Photon energy

1. Peak:position12925 eV, 1000 Counts

2. Peak:position12945 eV, 2000 Counts

3. Peakposition12965 eV, 500 Counts

4. Peakposition1298.5 eV, 5000 Courd
- Background Mixing of error andArc tangent function4 steps at the peak positions, step height:
10% of the corresponding peak heigityHM: 1 eV, Mixing Error- Arc tangent function0.5.
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Test35: XPS multipoint (area) scan with 1 peak (Si) and two components (Si and SO
generated synthetically, 24x24 recording points (576 spectra), convolution of Gaussian and
Lorentzian function, normally distributed noise
- One peak, two componenGGP-FWHM: 3 eV,LP-FWHM: 3 eV, asymmetry: O
1. Componentone 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,|13, 11|14, 12|11,
12|14, 13|11, 13|14, 14|11, 14|12, 14|13, 14iidar increasing of the intensities 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 oftensities 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, 14|14, linear decreasing of the intensities from th
centre to the edges
Test36: Test spectrum with two peaks asconvolution of Gaussian and Lorentzian function,
generated synthetically,peak1l 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 peaks witlFWHM-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 functiorrglative fit
parameters, 2 master peaks
- Five peaks, mixing ratio G/L: 0.5;WHM: 2 eV, asynmetry: O

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

2. Peak: positior2 eV, peak height0.5, relative to peak 1

3. Peak positior189eV, peak height600 Countsmaster peak

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

5. Peak posibn 6 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/LO.5,FWHM: 2 eV, asymmetry: 0

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

2. Peak: positior2 eV, peak height0.5, relative to peak 1

3. Peak positiori80eV, peak height600 Countsmaster peak

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

5. Peak positiorb eV, peak height0.333 relative to peak.3
Test3: XPSspectrum with 5 peaks,convolution of Gaussian and Lorentzian function,
relative fit parameters, 2 master peaks
- Five peaksGP-FWHM: 1.5eV, LP-FWHM: 1 eV, asymmetry: O

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

2. Peak: positior2 eV, peak height0.5, relative to peak 1

3. Peak positiori80eV, peak height600 Countsmaster peak

4. Peak positior8 eV, peakheight:0.666, relative to peak 3

5. Peak positiorb eV, peak height0.333 relative to peak.3
Test40: XPSspectrum with 5 doublets sum of Gaussian and Lorentzian function relative fit
parameters, 2 naster doublets
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- Five doublets mixing ratio G/L: 0.5FWHM: 1.5eV, asymmetry: O

1.

2.

3.

4.

5.

Doublet: geaKL: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5, mastedoublet

Doublet peakl:position 2 eV, peak height0.5, peak2: psition: 1eV, peak height0.5,
relative todoubletl

Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastetdoublet

Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.&V, peakheight:
0.666, relative to doublé&

Doublet: peakl: positior6 eV, peak height0.333, peak2: position: 1.8V, 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.

2.

3.

4.

5.

Doublet: geaKL: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5eV, maserdoublet

Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl

Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastetdoublet

Doublet: peak: position 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doublé&

Doublet: peakl: positior6 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.

2.

3.

4.

5.

Doublet: gaKL: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5, mastedoublet

Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl

Doublet: peaklposition 188 eV, peak height600 Couns, peak2: position: 1.8V, peak
height:0.666, mastetdoublet

Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doublé&

Doublet: peakl: positior6 eV, peak height0.333 peak2:position: 1.5eV, peak height:
0.666, relative to doublé&

Testd3: XAS spectrum with 4 peaks,sum of Gaussian and Lorentzian 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.
2.
3.
4.

Peak: position1292.5 eV peak height1000Counts
Peak: position2 eV, peak height2, relative to peak 1
Peak position4 eV, peak height0.5, relative to peak 1
Peak position6 eV, peak heigh 5, relative to peak 1

- XAS-step background with four steps

1.

2.
3.

Step position 1292 eV stepheight: 100 Counts E-A mixing: 0.4, FWHM: 0.8 eV, master
step

Step position 2 eV, stepheight:2, EA mixing: 1, FWHM: 1, relative to step 1

Step position 12% eV, stepheight: 200 Counts E-A mixing: 0.6, FWHM: 1.2 eV, master
step
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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, p 01,

S2p 02, N1s_01, N1s_02 (twadenticalmulti-region measurements)
- Corresponding file: Test44.ppd

3.2.6

B

Open Wagner Plot...

Data Format$ Version202% K . 1

3.2.7

[}

Openlimage...

alLi

n

The data base of Auger parametatsgrated in UNIFIT2025can beoaded anglottedwith
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 o o k

e Pos

[File - OpenImage] realizes the input ofmages and piures All common formats are
supported (*.bmp, *.wmf, *.tif, *.jpg, ...). The software UNIFIT offers no 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_ 2025 User_Files\examples\Specials\As_Wagnerplot.ufp, inserted into
this documehRawtia folCeptyi ond of UNIFI T and
3.2.8 CloseAll Windows

RS
[HLL]

3.2.9

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

CloseAll Standard Windows

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

and parameter windows remain open. If a windowlased,all fit parameters are deleted and
the software controlling flags are reset. The region names in the digfgue Select spectra] are
kept. Before the window islosed the projects can be saved.

3.2.10 Save Project

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

visible) can be saved together ame project. If a projeds saved, the measurement datel
the temporary processing files (*.dat) of theifit_ 2025 User_Filedemp folders (tempi1temp60)
are copiedadditionallyto thefolder with the same name. The results of a quantitative asadysi
film thickness estimatioare stored automatically by saving a project. The saving of processing and
analysis steps by projects is a simple way to archive the results. (Example: Project \naste: *
project.ufp, name dahe directory of measurement dataTest projedt.*). Before the project will
be saved a backugan bestored (e.g. Project_backuhufp). The preferenceoptioné Save Backup
Filesd i n t hec tdgmsuobe activdlad (s8€i0t). Pr oj e

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 featurd®.g. peakfit, differentiation, smoothing,colour, etc.) of all
openedstandardvindows (hidden or visiblexan be saved together in opecessingdesign
file (*.ppd). The savig of processing andesignsteps is ayjoodway to generate templates for the
applications using similar analysis problenifie charge correction, formatted titldermatted
annotations and interpolation operations are not sé®efibre thefile will be saved a windows
selection dialogue is opea It is not possible to save processing and design steps of windows with
the same namd&he default folder of the *.ppd files is UnifR025 User_File¥My Unifit Projed
Processing Stegsb ook aLi ne Posi ti Vasios20284.49. 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 na
presentation software. The active window is converted to a generally used image format
(formats: jpg, bmp, gif, emf etc.). The selected resoluteme8.10.) is displayed additionally
(monitor resolution400, 600, 800, 1000, 1200 dpi). The form of the window is not changed. The
quality of the exported image depends on selected resolution and used data format §see Fig.

3.2.14 Export Images All DisplayedWindows (400 dpi)...

This menu point allows the easy and quick export of the resuléstéat processing oma
presentation softwaref all displayed windowsAll displayed window are converted @ a
generally used image format (formats: jpg, bmp, gif, emf etc.). The selected resadagadri(.])
is displayed additionally (monitor resolutiod00, 600, 800, @00, 1200 dpi). The form of the
window is not changedFor a following generation into an animated presentation (software:
gifanimator.exe) the image should have the extension *.gif. Thensun3.11.12is an appropriate
prepaing tool of the Unifitwindows before the export isnade. The image names have the
structure: Selectechame+ 0 0+ windowsnumber (five  digits, e.g. GaAs_00001.gif,
GaAs_00002 g i )f , é
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3.2.15 Export Images DisplayedWindows (400 dpi)...

This menuitem corresponds to the melu2.14 However the selected windows are exported
— 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 PowerRtgresentation

Example3: An animated gifile of a longtimestability messuremat has to be created.he
animated gifile can be implementedtma PowerPoint presentation. Adrocessingstepsfor
the preparation and the export tifeimages othe Unifit-standardwindowsare given(project
Document$Unifit_2025 User_File§example$XPSStability-MeasuremenCu2p31100
SpectraMono-Sourceufp). Set thepreferenced Ma x i ma | Number of Prjes
Steps I nsidetoPl@8: amet er Pl ot o
1. Load the Unifit projecDocument$Unifit_2025 User_FiledexampleSXPSStability-
MeasuremeriCu2p3-1100SpectraMono-Source.ufpwith [File - Open Projec# ].
Following windows arelisplayed:
-one OPar dwirgdowe r Pl ot
-onPlotdD Wat erwindowl 45A06
-f 0o Cru 2 @t&ndardsvindows with a peak fit of ongeakfit component.
2. Change the nuber ofthedisplayedtandardWindowsfrom 4 to 137 with:
- [Windowsi Hide/Show Standard Windows]
-Selecth Sh ow 'EStaadargWi8n d o wo
- leave the dialogue wif 0K |
3. Rearrange the windows witbeactivate the optiopVindowsi Automatic Resize
Deactivatedl andactivate[ Windows Cascade],
4. Change the stretching factor of the intensity scale for all displayed standard windows to|a
uniform value with:
- [Windowsi Show Window¥ideoSequende
- Select all Whdows and deactivate windows one and two
- leave the windowselection dialogue wit[__0K |
-The di al oMndowsVided Bemuermd [Moé opened, the setting is:
1. O0Frame Dwel:l Time in ®econdsb
26 Same Position oW n\WiowdoAetvateals Act i vie
3. éWiarmdow Size as Act i vActiviledn d owb

4. O6Same Scaling of | nt:eActvatedy Axi s |[of
5. 6Same Scaling of I nt eDeaciivated Axi s |[of
- leave the dialogue wif 0K |

- After a rescaling of the intensity ex a windows video will be showFhe question
appears:Windows sequence is finish&figinal intensity scaling of thevindow® Press
Cancel
5. The batch parameter defines the time index after the start of the measuremeat. Crea
spectruntitles using the spectrum titldys the batch parametefor all standard windows
with:
- [AnnotatiorDesigni Spectrum Titl e 1¢é]
- Write in the edit field: Time Index
- Frame: Without
- Windows: A Windowsof the Same Typéctivated
- Appendix:Title + Batch ParameterActivated
6. Press__OK | The time index is displagtén all standard windows.
7. Export the images of all standard windosthout theParameterPlot Window (window1)
andthe 3D-Waterfall 30°Window (window 2))with [FilesT ExportimagesDisplayed
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Windows(400 ] The di al ogue 0Select Windowso6é ajppear :
windows 1 and A.eave the dialoguewi{ 0K . The 6Save Datad dj al ogl
Select thefile type*.gif and thefolder
Document$Unifit_2025 User_File§AnimatedGIFsThemainname othe files isCu2p3. The
batch-file numbers are generateditomatically The export process takes some minutes.
8. After saving the project theNUFIT programme can be closed. Thairaated gifile is
generatedising the software
Document$Unifit_2025 User_File§AnimatedGIF3gifanimator.exe
9. Open the foldeDocument$Unifit_2025 User_FilesAnimatedGIFs Arrange the
Cu2p3_xxxxx.giffilesin that way, that the file withhe highestbatchfile number is above
(Cu2p3_01136.9)t
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 (1100rs320 €& 0.2 seconds)
- Save the animated gif files with na@e2p3Animated.gifwi t h 6 Save as§@
Folder: Document§Unifit_2025 User_File§AnimatedGIFs
- Close the gifanimator.exe
12. Loading the animategif file into the PowerPoint presentation:
- Open the PowerPoint presentation
- Load theCu2p3Animated.gifi n t he presentDaopi éonet aonlbeodD
6CopPpyte Functionbd
-Usenott he functlmage® 61 nsert

3.2.16 Copy ImageActive Window (400 dpi)

This menu point is equivalent to poiB2.13 however,the created window presentatios

copied to the clipboardrhe saved image can be loaded using Word or PowerPoint with the
call eé®RBE8&wads (i nserted vi a OlRearestluticitanibeseleckeda d o c L
di al ogue OPB&)erencesbd (see

Note: If the graphics are exported incorrectlyan change the monitor settingdoT r ue Cal our
bit)éd using the sys {TExportdmdetWindogy (Cody) PVeisrt ceo wisu nc t i
with an image resolution of 800, 1000 and 1200 saedain memorypf 1 Gbyte or more.

3.2.17 Export Data Active Window...

The menu item [File ExportDataActive Window..] enabés the comfortable transfer of data
to conventional scientific graphic and spreadsheet programmes Qrigiktef...). The

curves calculated and processed in UNIFIT are exported in ASCIlI columns. The first column
contains the energi&gavenumbers The incorporation of untreated spectrum, processed spectrum,
background function, satellite background, andfter a peak fit 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 exporting. The value
for normalizationcan be chosen arbitrarily. The following valuesgwenfor orientation:

1. Maximum of the processdecurve or

2. Maximum of the sum curve or

3. Maximum of components 1 to N.
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The normalization is activatbed tonlgygeirfedt by
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 PosiiVersiomd02% ,and
4.1.1.2).
B) Activated 3D Wateafall 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 intensity values have an offset
correspondig to the 3D Waterfall OA presentatiion

Version2025 4.1.1.2).
C) Activated 3D Waterfall 0° Plus Window: Example illustrates a plot of two fitted spectra with
two components and fittable background:
1. column: enggy/wavenumber (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 sum curve of spectrum 1
column: intengies 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 curve of spectrum 2
10. column: intensities fathe 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 OA Plus @drese
Version2025 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: energyvavenumber (step width: smallest gp 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 (seeQkign d b ook OLi ne Pos
Formdsi Version2025 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, sputter time),

2. column: values.
Pleasss ee book OLiIi ne Posiiversion20254.4.h5. Dat a For mat s
F) Activated Wagner Plot Window:

1. column: binding energy of the photoelectron line,

2. column: kinetic energy of the Auger line,

3. column: Auger parameter,

4. column: Name of the chemical compound
Pl ease see book OLiI né&Vdsos20264.bIn65 and Data For



76 Programme Handling

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' Wi ndow: 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:max/minintensity 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. row 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 OLi ne PoisMersiond0@s4.14H).d Dat a For mat s
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Fig.8. S2p spectrum (project: Unifit_ 2025 User_Files\examples\XPS\S2p_peak_fit.ufp)
inserted into thiisPadsaoceu nieunntc tviioan 66 @ofp yUNI FI T an.

Note: The programme UNIFIT reads data files from measurésneith many 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 comfortable 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 into the file name (e.g.
four spectra are lagd in the windows 2{C1s), 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
dataof the windows selected before as describe@.th1l7 The data set of every selected
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window is saved in a separate file. The daws number and region name is integrated into the file
name (e.g. four spectra are loaded in the windows 21 (C1s), 22 (O1s), 23 (N1s), 24 (Si2p), the fil
name was selected to 'Data’, the generated files are: Data 21 Cls.dat, Data 22 O1ls.d
Data_23 Nlslat, 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 plotted on the full or half pafggean 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 activated thenht window will be
printed as displayed. In case of a fitted spectrum the fit paramrmetgrbeappearoptionallyon the
hardcopy (see Figl0), the printing of the acquisition parametensay be arrangedtoo. If the
preference option 'Display Setting==Printer Setting' (se&.10.]) 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 2025 User_Files\test spectra\Test07.ufp) of a 3D-Waterfall -
45° presentation of the Si2p spectra, i nserted into thisgs Pasecume
functiond of |tiNdelpdrameter-dependiat test functions with 11 steps, z
I series parameter:
1. Function: 1,(z) =1000@xp(- 2), Eo= 101 eV

2. Function: 1,(2) = 1000("3;2, Eo =103 eV,
1+(z-5)

3. Function: 1,(2) =100, Eo = 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 defined presttings
(3.2.23 are vaid for all printed window.

3.2.22 Print Displayed Windows..

The submenu [Filel Print Windows..] allows the printing of before selectedspectra
windows. The design of th@inting out can be definedsee3.8.11and3.10.]).

3.2.23 PresettingPrinter...

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

1 Window plusAcquisitionParameters
1 WagnerPlot Window plusAuger 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 luddeésible. The button
Hide Standard Windows | gctivates th corresponding dialogusee3.11.8. Different selecting modes
are offered. Several regions can be selected simultaneously. If a second spectrum will be marked
and the shift key is pressed, then all spectra between tharidssecond 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 spectra are
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 defined manually. The following optiorffared:
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 scan, Si 2p_100)
spectrum name with-gxis (yaxis line scan, Si 2p_150),
spectrum name with -a8xis 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 fileatted 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 - Iteration] or [File- Export Data.]. The
content of the 'Select Spectrum' dialogue will be refreshed.

akrwhE
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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: 1486.6 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 | . =
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 sl il i S Sasiial Slssiraiisiio S sl Sl Sl S i Sl 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 J 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 PYPsoven
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
17 0 91505 0 1.579 o] 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
2/2 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_2025_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
Soecta] 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 (*.ANG) or PHI (*.MAP)formas. The regpns (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 consist

of the batch name (e.g. I3)and the corresponding parameter (e.g. 10 min sputter @rie_10.

3.2.26 Original/Accept PreferencesActive Window

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

—= form. The correponding file will be rdoaded. 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 preference of the programme wikdbe load
[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.
settings are not transferrethe charge correctiormf the activated window (selected with [Modify
Charge CorrectiorActive Window]) is not changedAlso, the charge correction valid for all
windows (selected with [Batch Processin@harge Correatin 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 automaticallfPath of thedefault presettingfile:

Document®Jnifit_2025 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 ger to take backnehundred 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) wiro ws o per at i o n } batchplossiag, casc
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 theactv at ed wi ndow vi a tihPastttVmdowsdunctiontou s ed ¢

other programmes can be done with [Fil€opyImageActive Window (600 dpi) (see3.2.1§ or

theequivalentpop-up operation
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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
commands3.3.2 and 3.3.3 offers the popup call [PopUp - Programmenternal Copying +
Programmadnternal Insertion]

Note: A simultaneous usage of the software UNIR2025is possible.One user can execute the
software ten times. The fustions [Modify T 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 programmentatfzer activated UNIFIT programme.

3.3.4 Charge Carection 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 charging effects-obmauncting

samples. i pl ayed is the su#fctoifved CWiardyeewdCoplresstd ©
Wi ndows 0.

Note: For shifting energy scales in alt electedvindowsuse the menu [Batdhrocessing Charge
Correction all Windows] (see3.5.10r 3.5.9.

- & x
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Fig. 11. Screen shot: Test08-test spectrum with constant, linear, Shirley and Tougaard
background, project: Unifit_2025_User_Files\examples\XPS\Backgrounds.ufp

3.3.5 Correction with IERF: ESCALAB220_MONO_LAXL_50EP.trm

This menu allows the correction of the spewtith the currently loaded transmission function
(IERF). The loadd 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 subtraction in five different ways before stdrénmeak

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

in the iterative peakit procedure- is described i. If the background was already subtracted 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 to averag@®ver 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-evaluation of the background using nfoell 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_2025_User_Files\examples\XPS\Satellite_subtraction.ufp

The calculated background can either be displayed additionally to the spectrum w__ Plot

button or subtracted from the experimental data without any difference for further
processing steps. The satenu can be closed wi Cancel | keeping the spectrum uncluymd. The

peak area displayed in the dialogue box after

of the option selected in [PreferenéeBr ef er ences] and +tAkisd The eptioar a | p
0Backgr -Qufaonrt . XFRI g ht Ibttsuhe back§ouhdtfar thé rightoese button
operations. By activating the option 06Setting:
can be used for all standard windows without using the fatatessing procedure.
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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 Fig11) or low photonenergy side(Ez1) (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 t_Cancel  button to return to 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 thébackground functioror click the| Cancel = button to
return to the main men@rhe 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 and canmot
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 spectrirp#rameter can be
changed automatically. Fehe first calculatiorthe parameters agiven by:C = 1643 (eV3, C &=

+1,D = 0 (eVY, To = 0 eV. After changingB, C, C 9D or To 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 defiteTo O The created inelastic electron scattering csEsgion

E) KKE,T) can be saved and loadgdcro). The inelastic electron scattering cr@sstion can be
plotted using menu pair3.7.18

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 thmackground as a sum of a third order polynomial and the Shirley
function. The first calculation considers all parts equally. Than the contribution of linear, square,
cubic, and Shirley function can be modified by the user through changing the pardmétess ,0

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 Shirley contribution wi: Iteration |,

Note: The peviously applied background calculation (constant, linear, Shirley, Tougaard,
Polynomial+Shirley)s openedstarting the procedutgy the icon.

3.3.7 Subtract Background

In case the baseline has only been displayedthe submenu 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 Alk or MgKa sources if the
experimental spectrum contains the corresponding primary signal. Energy differences and intensities
of the satellites can be edited and changed by the W##n [Prefeences Preferemcdsthe
di al ogue O6Pr ef er agoapd & o w iallows thé definitignof thelsatellites of
four different excitation sources. The correct subtraction is only possible if the primary geak i
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 activate the window,

2. Select [Modify- Subtrat Satellite...] andlick[_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- Calculae Background Shirley] (the background subtracted in 2. will be
re-added and can be-defined,
Click for subtraction of excitation satellites and Shirley background (sed Eig.
bottom right) ori in preparatio of an iterative calculation of the background function

during the peak fit_Cancel

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_2025_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 of the current display. The
reductian limits must have been previously defined by range markerS8(¥e&teps:
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2. activate a window for spectrum processing,

3. move the mouse pointer to theft energywavenumberlimit 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 higdnergywavenumberside (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 rangemarker lines are displayed, then theeincan be shifted by pressing and
moving the left mouse button.

6. With [Modify i Reduction]or the popu p
reduced.

With the popup operatiord Re mo v e

menu f unc tthespectronReardbe c t |

R e d the reduatiormatké limes sai be removed.

3.3.10 Expansion

This option can be used to undo spectrum reductiont@arréstore theprevious spectrum
display.
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Fig. 14. Screen shot: Dialogue for the normalization of spectra

3.3.11 Differentiation
@ [Modify - Differentiation] performs a differentiatiosee Fig.13). Define the nurber of
points to differentiate over in [PreferencesPoints to Average] or with the direct call
Points to Average . The point number of the averagimgocedure (se&.10.1.) is displayed and
should be 0.7 times the number of points measured in the rangeHdMH®!. In order to realize a
quantification of AESspectra using the ped&-peak values, thvalue Max Min are generated and
available in the quantification routin&y acti vating the option
differentiation can be used for all standard windows without using the-pedchssing procedure.

0S
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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 anntegral spectrunirom the right side to the left (XPS,
a increasing binding energy) and from the left side to the right (XAS, increasing photon energy).
This menu pait 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

mathematicallyDefine the points to smooth over [Preferentd&referencesin the dialogue
OPr ef er en dPeitsho Azerag ort withethe @lirect cal Points to Average . The number of
points should be 0.7 times the number of points measured natige oFWHM (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 thmouse function is switched to a corientmode. 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 disappears
and the mouse returns toettmormal modeln case 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 processing 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 dibbgue 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 eaergy 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 O0Addi t ditiomodtwaesperttaThe sum tofithe spaatia can be divided
optionalyby two.

3.3.17.2 Subtraction

[Modify T SpectrumOperationi Subtraction] prodwces 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 spectra may be used at the batch
processig proedure.

3.3.18 Normalization

This subprogramme gives the user the ability to normatimespectra from the active window
— to (see Figld):
0 No r mixedVamej F
O Nor mheValued(E)of t he Wi ndows©d
O Nor maximur M
. 6 No r mlinimtna
Wi th the opAliSwnwi & 8 ethdsriomnglization came used for all other open
standard windowd. f t he option ONorm. to | ( EBand yaludsh e
can be defined by thmouse pointer and pressing the left mouse buftbal-value is transferred to
the edit f i el HBvaldelanbdcbangedmathually,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 'Norm. 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

honNPRE

option: ONorm. to Fixed Val weednsisdisplayedand cansbe d .
changed directly with the ce Points to Average
3.4 Peak Fit

The extensive pedlit routine is the most important part of UNIFIT. The peak fit is carried out
iteratively by a nonlinear parameter optimizatioaccording toMarquardtand LevenbergThis
procedure converges fast when suitable start parameters are used. However, the fit does not find t
absolué minimum in some cases.
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The fit parameters of aximal 30 singlet peak$see3.10.1.) 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 produsimor convolution of Gaussian and Lorentziamctions (to
be selected in [Preference®referencdssee3.10.)),
3. use of absolute or relative fit @anetes (to be selected in [Preferencedreferencdssee
3.10.)),
4. calculation with singlepeaksor doublet signalésee3.4.7),
5. calculation ofa separatéackground for every pedk component (Tougaard background
for inhomogeneous samplese€3.10.).
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 2025 User_Filesest spectidest0O8Shirley
Productfn2PeaksShirleybgufp 7 Document®Jnifit 2025 User_Filetest spectidest12Pib-
Productfn3PeaksShirleybg Resultifp) or a sum function (see also
Document®Jnifit_2025 User_FileYestspectralestl5SumfndPeakslinearbgufp and
Document®Jnifit_2025 User_Fileest spectd estl5SumfndPeakd.inearbg Resulufp) the fit
parameters are:
1. Intensity Units countsandcps,
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 (YAES: 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 parameter will be negative.
The default paramt er set i s sUnifite2d25iUser Bil&settinggmanbaset 1. par 0
In case of a&onvolution the Lorentzian function is substituted by the Doni&cimjic 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
enery (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. Asymmetry 0...1,at the low kinetic enegy (RAMAN: wave numberkside 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 parameter setissdve i n 6 D\Onifiu 20@25nUses_Filedsetting$parase2. par 6 .
The fit parametersan be saved, printedopied as imagand edited. The background data will be
saved together with the other parameters if the baselidetesmined 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 fosriedlerdoublet 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 peak or to the
corresponding mastepe&. 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: Master 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 vaklecommnent m is the master
peakwith the highest component number, but lower asatizvatedcomponent (e.g.
thecomponent 5 is activated for input, component 1 and 3 are master peaks, m = 3)
MPCn = mastempeak component n, 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) of the doublet absolute value
(doubet n includes both peaksian 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. doublet, preferences: relative paramet
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 peak position/eV): Fixing f
Masta/mainpeak 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
ParametePeak position/eV:

Masteymainpeak conponent 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=MPCL absolute
Masterpeak component: IFP=MPCn absolute
Slavepeak component n: IFP = SPCn/MPCm relative toMPCm
Parametepeak posibn/eV:

Masterpeak component 1. IFP=MPC1 absolute
Masterpeak component: IFP=MPCn absolute
Slavepeak component n: IFP=SPCni MPCm relative toMPCm
4. Doublets relative parameters

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

Doublet componemt: 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/¥:

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 component.n 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 given by:
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 position (absolute)
The advantages amtisadvantages of the different fit procedures are listed in falflg. 15and16
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 piocedure 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 thdialogue 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 the doublet are inserted automaticakynythe 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 URBDR5 User_file§setting$Doublet.dda
(see0). With the butons! -AP | and | AP+ | the number of the activated pe&ik componentcan be
decreasedr increased stepwise. The butto -DS and | DS+ | change the dialogue siz&he
number of pealfit componentsan be decreasehdincreasd with the buttons -PN and| PN+ | If

relative fit paameters are used the activated piakomponent 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
Subtractiorbefore parameters, simple fil cannotbe described |problems, signals wit
starting the peak fit |handling, fast accurately during the | low Lorentzian

convergence peak fit contributon
Background: Better description of | Six additional Spectra with high
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Iterative calculation
during the fit routine

the Lorentzian
function,

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

parameters,
handling of the fit
routine ismore
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
Lorentzianfunctions,
(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 paramets
input

Only couplingof
paranetersof 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 parameterg Q.
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 Min/Max valuestoo |Select lager Increase Max value

incomplete close to the fit Min/Max range for Lorentzian width
parameters from 2 t0 2.5

Mismatch between |Selected peak shapg Select [Fit Proedure | 3d- and 4fsignals of

flanks of doesndt d{i Convolution] transition metals with

experimental spectrgd experimental functiol 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 calculated sum |subtraction before contribution

curve in the region of starting peak fit

peak talis

No change in one | Min/Max values Change the fit

parameteralthough it prevent change, the | parameter limits

is not fixed parameter has

reached the limit

3.4.1.1Singlet Peaks

Usesubme nu O0Si roglteot fRdak sndeggeals ¢eqy.nCt1ls, Oz Mls,&2sp..) e d
(see also TestOdfp i TestO3ufp, directory: Documentdnifit 2025 User_Filelest spectra Act
as follows ( e. g . Fit Procedur e: Sum, Par ameters
Homogeneous)

1. Subtract the extation satellits in case ofanexcitation witha Twin Anode with [Modifyi

Subtract Satellite], the satellite atuinend on

appears, clicl__0k | for subtraction,

2. calculate the background with [Peak HRit Fit Background XPS (HOM)]or 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 ParametérSingletPeaks]or the popup command

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

define the number of components in the next dialogue box and__ 0K |,

accept or chang®lin/Max-valuesin the table 'Min/Max Fit Pameters Peak' (s&24.4,

choosd__OK | or leave the procedure wi Cancel |,

6. define the start parameters in the table Fit ParamesakSum/Absolud (31 by
a) entering the values with the keyboard,

INote: Move betweerthefields with theleft mousebuttonor the Tab-key,
b) pressing ARY, ALT-Z or left mouse button to copy the position of the mouse pointer

ok

from the display into energy and intensity start parameters. Hold the Shift key and press

the left maise button for switching to the next component without cimanghe
parameters or use the buttc -AP | and| AP+ |

5. Set 6a ion t he OFi x6 boxes if required. Swi t c

effects:

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.
energy shift or ratio between the other parameters will stay constant.
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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_ 2025 User_Files\examples\XPS\S2p_convolution_rel.ufp

&

CeatmsiRX On E AFFI" EI HEGHEARE

4 ElE=] (4 ===

120 2 2400
c N1s
S2p 3 2272
£ = Lf)m 4 N-CO-
3 > 2016

g o8 Z 1as o . NH3+

> E 1760 -

E 42 Fit Parameters Doublet/Convolution/Absolute 395 392

E S

= 45 Doublet name bs- Fix S6+ Fix

Peak height Peak1| 10000 O | 1000 o
1.0 Peak2 | 5000 @ | 500 2
176 173 170 167 164 161 158 155 GP-FWHMeV Peak1| 1 o1 =
Binding Energy / eV Peak2| 1 = [1 =
m 10,1 Position/eV/ Peakl| 164.3 O | 1683 (]
& -10f
= Doublet1  Doublet2 | e 1655 Eall 1695 I
<€ . Peakheight  Min: [0 o B | SLPFWHM/eV Peak| 1 o1 o
1 o1s Max: | 150000 150000 e 1 g1 g P pll
248 GPFWHM/eV Min: | 0.1 01 Asymmetry  Peakl| 0 B0 g
» 24
§ Max: | 5 5 Peak2| 0 @ |0 |
§ 212 Position/eV  Min: | 155.107 155.107 PAELEY PR Y Y @77”
= = 3
I == 007 175.007 Peak2 1.639 1639 =
Z 178 LP-FWHM/eV Min: | 01 01 abs. Area Peak1 21556 2148
a - [0
g oz I 5 Peak2 10778 1069
144 Asymmetry Min: | 0 0 rel. Area Peak1 0.6063 0.0604
et i n O
. Peak2 0.3032 0.0301
10 Max: | O 0 52p
544 541 538 13 Copy Export Save 1. Peak
Cancel Print Preview DataBank DS+ AP+ PN+
@ 1 % : \,L‘ 7 ™ . -0.2 E0 +0.2 -0.4E0+0.4 Relative Cancel -DS -AP -PN 74 77 -20
[ [ { Y '

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_2025_User_Files\examples\XPS\S2p_convolution_abs.ufp
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6.
7.
8.

Note: The fit procedure (@duct, sum or convolution) as well as the chosen
parameters (absolute or relativak displayed in the title bar of the {ftarameter table

and the correspomding payp command S edtby clicking the left mouse button
when the pointer is above thex or by pressing the space bar.

Print |or| Save the parameters if desired, accept the parameter{ 0K |
start peak fit with [Peal€it 1 Iteration],
define the number of iterations and iteration cycles and confirm__ 0K |,

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 Figl18). The call Export realizes an image exparsing a standard format (jpg, gif,

wmf, bmp, etc.).

fit

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,

calculate the background with [Peak HRit Fit Background XPS (HOM)] or the
corresponding poepp commandPop-Up i Fit Bakground XPS (HOM)] a, b, e parameters
unfixed, ¢, d, B parameters = 0, fixed, cl__ 0K |

select [Peak Fiti Manual Input of Start Parametefs Doublet Peaksjor the popup
command PopUp - Pe&k Fit Input Parameters Doublet Pet&ksm/Absolutg,

define the number of doublets in the upcoming dialogue box and[__©K | 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

define the start parameters 3i4dBbyt abl e OFit

a) entering the valuewith the keyboard

Note: Move between the fields with the left mouse button or the-kegb 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 t 6 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 tparBimeter table.

P a

Set ani® the OFi x06 b ofkxsedsublét peaksif destredpSavitcligne 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.

bsecrnel sloulfleb peak4n &eem arvertstant s

shift or ratio to the corresponding parameter of the first peak of the same dabkldtte

and relative parametery.

E. Set ani o

6. Set a grey

t he

OFi x

squar e

0

n t demndadublet geakd startiagswithf 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 parametalbs¢lute and relative parameters

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

K or

7. Print | Or| Save

8. Start peak fit with [Peak Fit Iteration],
9. define the number of iterations and iteration cycles and comfitm__ 0K .

the parameters if desired, accept the parameter{ 0K |
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Fig. 17.

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_2025 User_Files\examples\XPS\Comparison_product_convolution.ufp

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

Export

3.4.2

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 datafoemémical 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 presentatiacan be deleted or
changed with Annotation/Desigi Spectrum Labellind].

3.4.2.1Singlet Peaks

After selecting this menu pat, 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 | |f all peaks

were selected clicl__ 0K | and the Min/Max and parameter tables will be opetied.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) Via ToP@otpey function
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 0LULNVerson2B25s5i5)twio nassvillben d Da't
generated.

Example6: The measuremehinifit_2025 User_Filesexample$XPSsulphur_studyexample.tap
was recordedisingthe spectrometer & A3 with the Atwin anode. The following operations
should be made on the2p peak:
- Energy calibrationwith respect to As= 2850¢eV,
- satellite subtraction
- subtraction ofa Tougaardbackground
- peak fitwith aproductmodel functionabsoluteparametersand the background for
homogeneous samples
- the intensity ratio of the 2 doublet lines is fixed to 1:2,
- the peak separation is fixed t®lkV.
1. Start UNIFIT,
2. open the dial og {(Peferéneas éfeferenees mmdsed wi t h
a) Fit Procedure:Product
b) Parameters Peak Fit/XABackground/XP$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 Windowg
4. load the measurement datath [File - OpenSpectra- XPS- ESCAZ*.TAP)], selectdirectory
Unifit_2025 User_File§example$§XPSsulphur_studyandopenexampletap and read the file
with[ oK |,
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5. in aSel ect C3gapdcp(wathothe ekt morise buttgn) s el ect o6l nt er
Name sReakh @amé wi t howidprEsl OK si ond

6. activate the s window, estimate the maximum of@#s 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 Process@igarge Correction all
Windows], input 1.7 eV, pre[ 0K | all spectra will be shiftely1.7 eV,

9. activate and maximize the2p window,

10. subtract the satellite with [Modifiy Subtract Satellite], pred 0K |, the satellite will be
subtracted from the S 2pesgrum,

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

12. select [PealFit T Manual Input of Start Paramatgi Doublet Peaklsor select the pojup
command [Peak Fit Input Parameters Doublet Pegks]i nput & Doubl et Numt
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 press__0K |

155t he parameter table aFit Parameter Doubl et/
move the mougeointer to themaximum of thérst doublet (E = 164 eV, | = 1058bunts) and
press the left mouse buttanpve 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 irlgigress 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 openeldpose the numbef iteration steps
= 22 and the number of cycles? and start the iteration procesath[ 0K |

18. the optimization is running, when the system has stopped your result should be i tieigy.
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 [ 0K |,
3. Change/accept Min/Max values and confirnithwl 0K | or leave the dialogue box
without
changes witl_Cancel |
4. Change/accept start parameters and fixiognfirm with[ oK |
5. Select [Peak Fit Iteration],
Define the number of iterations and confirm wW__0K |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 ParametefsSinglet Peaks/Doublets] and defining the number én|th
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 Limitsjor the popup command [Peak Fit ShowaRmeter
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-fieakmponents 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

without changes witl Cancel |

£
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12.0
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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_2025 User_Files\examples\XPS\S2p_product_start_parameter.ufp

3.4.5 Show/Correct Fit Parameters

=] By selecting PeakFit - Show/Correct Fit Parametersi 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 basaEwblute 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 componentsan 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 relative toctirrespondingnaster 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
compnent 1, component 2: slave peak, relative to the component 1, component 4. master peal
component 5: slave peak, relative to the component 4). Test projects are saved:
Unifit_2025 User_FileYest spectidest37.ufp- Test43.ufp

Copy and| Export K generate an imagef the fitparameter table Cancel closes the dialogue
box without accepting changes. The preferences for the fit parameters can be changed and saved
special files (Unifit2025 User_Filessetting§parasetl.par for the product and sum function or
Unifit_2025 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_ 2025 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 fiXingbnfirm 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__OK__|which starts the fit,

w
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5. Edit/change the parameters after the fit proceduexitijrwith  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 boebackgsoend o n | y
— subtaction 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 (se8.4.1). 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 parametero define the inelastic electron scattering
crosssection of the ®ugaard background (see al3estl19TougaaréBackground_ Resulifp).
With B = 0 the part of the Tougaard background can be set to zero independent of the value of the
C, C', DandTo 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 SectionLam-K(T) || A manual
approach of the parameteBs C, C', Dand To may be carry out in the mer®i3.6.2 Each
badkground parametaran be fixed (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 = 0andTo = 0 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 swgutine isclosed without changes by clicking
Cancel
The advantage of this procedure is shown by comparing the reflidetibn R(E) and thec® for
the spectrum obtained with unfitted background in Rify. Further examples arpresented in
chapter 3.10 and in the files Au_survey fitufp and SiO2_Cross_Section_fit.ufp (folder:
Document®Jnifit_2025 User_FilesexamplesXPS).

Note: If the B-parameter is zero and fixed, then the paramsé&l, C 6D andTo are automatically
fixed.

3.4.6.2 Fit Background XPS (INHOM)

The difference of this menu point @is the calculation of the Tougaabackground function. For
every pealfit component a separate Tougaard backgrounth wlifferent 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(&de 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
Test36InhomogeneousSampiePeakswith-2IESCS_Resultifp with n = 2). The parameter8;, G,

C', Di andToi define the inelastic electron scattering crssstiors of the Tougaard backgrousid

= 1 ton). With B; = 0 the part of the Tougaard background can be set¢rtw independent of the
value of theCi, Ci, Di andToi parameters (sd€ég. 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-fie the back groundparametersand calculate and drawhe modified
backgroundwith | Preview . | Subtract| removes the background from the spectra and

the preferences for theegk fit will be accepted. The subutine 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 respe 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 backgrourXiAS has to be
defined (see alsoTest34XAS-4PeaksSumEADbg-Relative_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 inpubox 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=0

With a choice of the step number like zero the backgroundnsrged without step functionde.

(41)) and only with a polynomial and the Shirley background. Five fit parameters describe the
background.

The bakground 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 backgroud 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 fi Redn(thek bdaEkground par
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 dixdtie
parameters, recalculate and-dmaw the background with 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 folderUnifit 2025 User_FileSExample$XAS\XMCD.

The
Unifit_2025 User_FileSExamplesXAS\XXMCD.ufp.

1.

= (0

result of the example with all used windows s@ved in the UNIFIT project:

Open t he referende®d 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 with [Wihdowdio ws 6
Hide/ShowStandard Windows]

Load spectrun2lMLCoMinusinto windowsl andspectrum21MLCoPlusinto window?2 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 Enable 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 clickl__0k . Windows3 shows the
averaged spectrum of winddwand window2.

Calculaie the step heighof the sim spectrum: Activate windoBy go to [Peak Fit - Fit
BackgroundXAg, Number of steps 2, Activate 'Single Steps' and cll__ 0K _|. The menu
Fit background XAS appears with relative background parameterspdraenetersettingis:

- Height Stepl: is not clanged, freg Step2: 0.5, fixed

- E/A-Mix: Step1: 0.5, freg; Step 2: 1, fixed

- Position Stepl: 778 eV, fre; Step 2: 15 eV, fixd,
- FWHM: Stg 1: 2 eV, fre; Step 2: 1, fixed.

Parametes a to e fixed. The parameters are not changédtivae '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 Nweegtor 1138105F i g kdc K a
Std. Win[l ok |6 and

Subtract a constant bkground fromall specta with [Modify- Calculate Background
Constanf, cl i ck 6Settiand 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

h

ith
HSett i

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.
Adivate window2. Calculate the difference spectrum (windbwminus window?2) with
[Modify - SpectrumOperation-Subtraction]. Window4 includes the difference spectrum.
Exchange the window 2 with window 3: Activate window 3[&ithdows- Change Window
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 'Batch

parameter’, the newatch parameterare: windowl: Minus, window2: Sum, windows:
Plus, windows!: Difference. Close menu wi__0K |,

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 spectrum,

Select [ Annotation/Design Plot ParameterAxig and annotat the Axis with ‘Intensity’
deactivate 'Labiéing of Scale Lines'.

Creak a legend (positionabove right) in window5 with [ Annotation/Design Legend/Selec
Curveg, activate'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 memts: Take back the constant background of windowith
[Modify - CalculateBackground Constan}, close the background menu w Cance! |
Copy the sum spectrum window 2 and insert the spectrum into wéidow

Calculation of the XAS background in wind6: 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 a ®-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 magetic moments: Extract the cessary 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 Intensiy in window8 at E = 791 eV(0.6 eV larger than the minimum
B'=-8.208 Intensty of the last channel in window 8

B=B-A=9528

Calculate the magnetic moments using the sum rule formaliginsfim moment of th
valence band, & orbital moment of the valence band):

m =- A'CZB =1.196 = % =0.178

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.
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AS
ame

window

=)

D

light)




104 Programme Handling

Mo = My A.374=1.643, my,,, =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 diiSseparate step&Qn (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 descrbe the polynomial with constant, linear, square and cubic part. The
parametere = 0 and is fixed and not selectable. For each step the step heighie mixing
parameteMys (from O to 1), the step positideos and theFWHM = 2(% can be defined. By click

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_2025_User_Files\examples\XPS\Comparison_background_calculation.ufp

Each background parameteran be f i xed (t i c karamEterxlidloguemox)toh e 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 parametke foonstant (minimum of the
experimental spectrum) and the Shirley contribution. The user can edit-Grdhe parameters,
recalculate and rdraw with| Preview the background Subtract removes the background from the

spectra and__OK | accept the preferences for theaf fit. The suboutine 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 o 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_2025_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 lteratiomn be selected after
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 | 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

Fit 7 Show/Correct Fit Parameters]

The peak fit starts witL_OK |, The presentation of componenssim curve, residual, aridif

optimized during the peak fit backgroundf unct i on wi | | be updated
decreasing?). Iteration numberc®’, &, andAbbecriterionwill be displayed in the title bar of the
windo w . The dialogue box O6Stop Iterationsé po

ESC key is pressed. It contains the final valuess?df G and Abbe criterion Press 'lterations
[continue!|' to start additional iteration cycles, 'lteratioi 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  gppears 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 with__OK |, If the user wantsot print or export fiparameter 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 [PeaRHetv
fit-parameter errors].

Note: If the peak fit was camd out with theinhomogeneous Tougaabdckground functions
(Fittable Background XPINHOM)) 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 alest16ValenceBandEdge Resulufp).

3.4.11 ValenceBand EdgemE*G(E)

This subroutine permitshe 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 backglideend

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 castleated simultaneously to
the fit. If the background was not estimated before, a constant backgnolirfee subtracted
automatically. The number of iteration cycles is set todidnot variable. But the iteration process
can be repeated (s&estl18Fermilevel 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
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%’ "%‘ Arctan Error Function Background B™(E) Single Steps/Relative
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E os4} E 254 1 Q975407 |0 [0 0 [1202218 0 [ 1568 | O 4
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4 5 a [0 2 |6 2 |1 @
142 142 Subtract Preview Export Copy 9
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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,
Paosition, FWHM), Project: Unifit_ 2025 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 mer15.2 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 standarddeiws 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 4thW. and Every 5thW. | The option Every: @ allows the definition of the sequen

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* valuel|, |Every W. with the same X: | | X value| and  Every W. with the same Y: | | Y value|. The number

of the selected windows tsplayed.

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_2025_ 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 spegtra 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_2025 User_File®exampleRAMAN demonstrate the efficient working of the procedure
using realstic Raman spectra.

3.5.6

This option permits a simultaneous print of the final fit parametdérseveral 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

[N
PP =" F F = o oL " s ' = =
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4 &
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Fig. 25. Dialogue of the standard windows selection for using the batch processing, Project:

Documents\Unifit_2025 User_Files\examples\XPS\BaTi-178-Spectra.ufp

3.5.7

Data Format$s Version202%

Export Fit Parameters

parameters are not available, then the window numbers are shown.

The final peak fit parameters all windows for which a peak fit already has been carried out
can be exported simultaneously using [Batch proce$sibgort Fit Parameters]. An

additional window allows the selection of parameters to be exporteddqseekb 0 Li n e
4 . The figsh column includes the batch parameters. If the batch
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3.5.8 Plot Fit ParametergdMin/Max/Areas

The cal l 0 P Min/Mak/Ar¢a pots rthee nmentme,r maxima or estimated

== background free peak areasome 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(sead6.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 seatéed 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 SizpandCl1ls from t hestt®%ad f il
using UNIFIT, project: Unifit_ 2025 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 Error€pnly 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.



















































































































































































































