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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 version20222023

Main focus of the advancement to thiNIFIT 2022 software was the improvement of the
calculation procedure QPAjantifiedpeak areasnethod for the estimation of the spectrometer
transmission functioff(E) (IERF) The functionality of thgpop-up operation using theght mouse
button was extended with design coamds. A new input routine for the loading of SPECS Prodigy
data was implemented. Two additional functioof the Min/Max value definition of the fit
parameters were implemented. The input dialogue for the fit parameters has now a call for the
increasing ad decreasing of the number of pdakcomponents. The speattabelling and title
functions were extended.
1. The subprogramme for the generation of the spectrometer transmission function using
reference peak pairs was improved. The following tasks welizega
a) Extending thel (E) estimation from purelement reference samples (Au, Ag, Cu,
Ge) towell defined compounds (IL)
b) Plot of the input data and tA€E) function in one sheet during the calculation and
afterloading the corresponding UNIFIT projects
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c) Changing of the fixed valu,= 1000 eV to a variable adjustable fit paramé&ter
d) Optimization of the fit procedure
e) Optionallysetting of the number afycles(more than one) and sweeps per cycle.
f) Saving and reloading as UNIFIT project
g) Improved savig and reloading of the estimat&(E) functions
The characterization of the new feature is:
a) Extending thel(E) estimation from purelement reference samples (Au, Ag, Cu,
Ge) towell defined compounds (IL)
b) The calculation time is:
Time = Number of cyles Number of sweeps11umper of free fit parameters
c) Thetypical acquisition parameters of a measurement function are saved additionally
with the estimated parameters of &) function (*.dat).After a reloading the
T(E) functionis displayed like aftethe calculation.
d) The separation between:
l.6Cal cul ation Transmission Function AIl/ M
20Cal cul ation Transmission Function Sync
is cancelled.
e) TheT(E)approach can be saved and reloaded as UNIFIT project
f) After a reloadhe calculation can be continued and the input data can be displayed.
g) T(E)> 0 at the displayed energy range
h)y After pr essi ngmalzé&lantecsids afthe geaktpdire #melcurve
of theT(E) function are displayed in one pldthe dialogudor the definition of the
fit parameters of th&(E) function will be opened
Additionally, the fit conditions can be defined with:

1. Number of sweeps per cycle.

2. Number of cycles.

3. Break condition (The iteration stops if the error (S&Wer a defined value
(e.g. 0.05).

4, The functionT(E) can be normalizedl(E) = 1).
i) The following information are displayed (also after a iteration):
1. Error of the iteration.
2. Calculation time (zero before the iteration was started).
The fit parameters can be saved and reloaded.
2. A new input routine for the SPECS Prodigy data format was implemented. The input of
XPS, REXPS and XAS data are supported:

a) Four loading optionare offered
1. Spectrum
2. Ring Current
3. Mirror Current
4. TYR-Data
5. Free data block name, edit field

b) Onenormalization option: normalizing to Ring Current.

c) Option:Create sum curve of scans (slices).

d) Icorrectinput data are identified and changed to readable data.

e) XAS;
1. Energy scale is calibrated to the extetnad excitation energy values.
2. Energy scale is converted to equidistant steps using linear interpolation of the

intensities.

3. Minimum of the step width: 0.02 eV.
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f) XPS:

Dataof a RESXPS measurement are identified automatically.

3. Two new options fortte definition of the Min/Max values of the fit parameters were
implementedThe Min/Max values of the positions of all defined péiakomponents
may be defined using the position of the péakomponent.

The Min/Max values can defined:
1. All maxima anl minima:positiors of peakfit component +0.2 eV and.2 eV.
2. All maxima and minimapositiors of peakfit component +0.4 eV and.4 eV.

4. Thenumber of the peafit components can be increased or decreased using a separate
control implemented into th&ialogue for the definition of the start parameters of the
peakfitThe control s ar e-PtNi6btl ed with O6PN+06 a

5. New functions were implemented into the
0Spectrum Title 16.

a) The x and y position of the labelling of tlepectra can be defined.

b) Themouse operation for the positioning after a definition of a spectrum label was
removed.

c) An additional label is placed with a short shift of the x and y position.

d Thenew command 6 OK Pdraw@K NRIwTiHeddliowsitHei n g €
definition of more than one laber title with a short closing and reopening of the
dialogue6 Spectr um oc@Dped dltiledupm 1 6

e) ThecommadDdEd @nd O6DS+d6 permits the si mi
increasing of théext size without clsing the dialogu€el he changed text size is
saved automatically and is used for a new activation of a dialogue.

6. Newfunctions were implemented into the dialoggeSpect rum Label | i n
0Spectrum Title 26. These prfafpmatedtext, f e a't
figures or pictures into the spectra windows. The position and the site of the generated
edit field may be defined.

7. The functionality of the popup menu of standapectra windows using the right mouse
button was extended by:

a) SpectrunmLabelling 2

b) Spectrum Title 2

c) Activate Resizing aSpectrum Labell i ng

d Acti vate Resizing aSpectrum Title 260.

8. In order to increase the secure use of the prograitfIl, open dialogues are closed in
two cases

a) Automatic wthout an information message on chaggihe active window

b) With an information message in case of saving a Unifit project, export of data
export of images and printing out operations.

9. The internal used spectra names can be modified manually. Five options are offered:

a) Spectrum name withu extension (multi region measurement),

b) Spectum name plus batch parameter (SDP, ARXPS),

c) Spectrum name plusAxis (line scan),

d) Spectrum namelps yAxis (line scan),

e) Spectrummameplus xaxisandplus yaxis(multipoint measurement, mapping),

f) Spectrum nama plus batch parameter plusaxisandplus y-axis(SDPmapping).

Main focus of the advancement to tiBIFIT 2023 softwarewasthe optimization of the saving

and loading procedure of Unifit projects and the bath processiagatibe. The definition ofhe

general programme parameters was improved. Additional design elementplotSvere

implemented. For a better and faster operation of the software the common Windows shortcuts wer
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integrated. The undo function was completely reworked. Someostibes were optimized and the
functionality was extended.

1. Thesetting of the general programme parameters was extended. The definition of the
maximal numbers of presentable processing steps inside the parameter plot was
implemened The cal |l 66 TyspinccaM o\pali wens.

2. In order to reduce the storage space of Unifit projectsthe sumlut i nes &6 Save Pr o]
Projects aséd6 and o6Load Projectsd were comp
space was reduced up to five with respect to the vetddRIT 2022. Now, the saving and
loading of Unifit projects with more than 50,000 spectra are well possible and practicable.

3. Because a fikeopy operation of the measurement data files is ingmementednto the
saving procedure of Unifit projects, thengeation and saving of backdifes can take a lot
of processing time. Therefore, the generation of backup files of the Unifit projects can now
activated or deactivated. Thall-down call is: [Preference$ Create and Save Unfit
Project Backup Files]f the generation and saving of backup files is activated and the
number of standard windows is larger than 1000, an additional message box will be opened.

4. The procedur e 6 Mar kNew, thépgositiensadd lenwgihsof nradkenlmesk e d .
are correct diplayed and plotted after a resimandows operation.

5. New fill colour and colour of the lines of 3D plots can be generated automatically. The
calculation is carried out using a randomize operation.

6. The common Windows shortcuts were implemented into thevaid Unifit. Five ways to
activatea call are available (not for all subutine):

a. Pultdowncommands b. Short cuharwittehr 60 Al t
c. Popup commands d. ShortcGhawct adar @Ct r |
e. Icons The number, the functionality and the size of ttaas can bealefinad by the user.)
A Ctrl-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 cCtrl-g Calculate Backgroungprevious call

A Ctrl-h Subtract Backgrouh

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 Operatiofprevious call

A Ctrl-p PrintOut

A Ctrl-q Quantification

A Ctrl-r Reduction

A Ctrl-s Save Project

A Ctrl-t Correction withT(E)

A cCtrl-u Copy Image

A cCtrl-v Programmadnternal Insertion

A Ctrl-w z-Axis

A Ctrl-x x-Axis

A Ctrl-y y-Axis

A Ctrl-z Undo
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7.The 6Undod functi on wWate 100 pracessing steps aesavedifonp r
undooperatiors. All processingand desigroperations are supported. In former Unifit
versias,oneprocessingperation vassupported onlyT h &nddbdfunctionis deactivated
at the following two processes
- Operatioms at WagnePlot Windows
- Batch processing operations
- Operations at the estimation of transmission functions
-Windows operations (close, cascade, é) .

8. In order to increase the processing sp#elsoftware code was reworked and optimized.

Now, batchprocessing operations using more than 50,000 spectra are well possible and
practicable.

9. Now, thecalculation of the normalization factor caavecarried out using a defined
numbers of average points (wiliceptiont he opti on &6 Nor nmhesubo a F
menu OPoints to Averaged6 can be opened di

10.Thesubr out i nes oO6Cal cul ate Backgroundd were
applied to all standard windows directly
60Srhlieyé, O6Tougaardd and 6Polynom+Shirl eyo
necessaryThesusme nu OPoi nts to Averaged can be o

11.Thesubme nu 61| nifPrrontaetsisoinng St epsdé was optimiz

Leipzig,den01.06.202 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 8and Windows 10
(32-bit and 64bit). Personbcomputer systems with GHz processor or high@rerecommended

The layoutof the controls has the common Windows design. Additional design features were
implementedThe usage of a SSD hard diskd the definition of the programme Urzfd23.exe as
exdusion processin the usedanti-virus software (e.g. Windows Defend@in 10), Windows
Security Essentialé/Nin 7)) may considerably reduce the loading and processing time of projects
with a large number of spectrBhe software can be ten times execugi@tultaneously.

Tab. 1. File size of UNIFIT projects of UNIFIT 2023 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 2023 (MByte)

SAM-Mapping256x256 | 65536 SW, 1 275 149

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.ip

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 (version 2014 gindr) 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 necessary maimemory depends on the number of
simultaneously processable specaral displayed spectra windowEablel gives an indication of
the storage spacef the UNIFIT projects Table 2 illustrates th@rocessingtime of different
processing steps of UNIFIT 2022 and UNIFI 202&ddéirge number of spectra.

The programme permits the simultaneous handling of uf5®0 windows with spectra or other
presentations (see Fifj, presentation of far standardwindows). Thestandardwindows may be
generated hiddeor visible. All generatedtandardvindows (visible or hidden) may be used for the
following operations (e.g. batch processing, 3D presentation, quantification, paramgtertao
number of the first standard window can be defined between 1 and 101. The papdmheter
windows, 3D windows, Wagngalot windows and image windows can be displayed only using
windows with the numbers-1100 (se€.10.3. The title line of the parent window shethe name

of the project currently loaded. Theakis of XP spectra in standard spectra windows is drawn with
increasing kinetic energy or decreasing binding energy from the left tagie The title bar
includes significant information for the user (see Fij. The Xaxis of XA spectra is always
presented with increasing photon enerthie X-axis of AES spectra is always presented with
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increasingkinetic energyand the 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 annotdt®istarand end energy/wave number,
the number of increments and the number of decimal ptd@dksaxes may be changed manually by
the user.

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

UNIFIT 2023, 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, Processing time | Processing time
operation UNIFIT 2022 UNIFIT 2023
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 | 65536SW, 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
BackgroundSubtraction.uff 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 (after peak Jitor 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 dependent measurements
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) of parameter defpende
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 (after peak fit) cdnpeter dependent
measurements in one window witksRift to left (see Fig30).

. 3D Colour Profile: presentation of the intensities of spectra, background functions,

modified spectra, sum curves (after peak éit 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

V) theareas of sum curves (after peak fit) or
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V) all peakfit results of thecomponents (after peak fit)
with respect to th& and y coordinates of multipoint (area) measuremearage window
with x-shift to right (see Fig32),

9. XY 3D Plot -45°: presentation of
)] themaximum orminimum of the intensities of straor
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 coordinates of multgp¢area) measuremenitsone window
with x-shift to left (see Fig33),

10.XY 3D Colour Profile: presentation of
)] themaximum orminimum of the intensities of spectm
i) thepositions of the maxima or mininoa
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 multipoint (area) memsuntsasbrightness in
one window (see Fi@4),

11.XY 3D 45° Colour Profile: presentation of
)] themaximum orminimum of the intensities of spectm
i) the positions of the maxianor minimaor
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 aeas of background free speatra
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) measureasdantightnesef
different colourdn onewindow with 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 respect to the etmam
(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 a short windowsdeo 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 2023_User_FilefExamplesXPSAs2p3
SDRP-MultiPointMeasuremenr®indowsVideoSequenaghp).

With the menu poinPreferences (see3.10) the operator can define, store and load (*.set) all setting
parameters of the pgramme handlingsee3.10.1and3.10.2. In order to optimize the using of the
main memorythe dimension of théve general programme parametésee3.10.3 and the number

of the first standard window (1101) may be aligned to the current analydibe toolbar can be
modified and switched on or off. The size of the icons is varigale3.10.4and3.10.5. The size,
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form and colour of the menu tefdee3.10.9 and table export (fit parameters;fiarameter errors,
quantification resultsand XAS background parameters) may be ified independery of the
spectra windows settin@ee3.10.7. The programme language is German or Engbsie3.10.9.
Thegeneral programme parameteifse toolbar and the language can onlghanged if no window

is openedindependent from the language setting the decimal character point or comma can be use
for the monitorpresentationthe printout and the table expgsee3.10.9. The user can activate an
autormatic restore function of the UNIFIT projects and define the cyclic saving(8ee3.10.10.

The layout of the printout can be equal to the monitor setting or defined separately. The loading o
projects with or without the shiving of saved quantification and film thickneables is offeredsee
3.10.1). The decimal character and delimiter of the exported data can be dgf@aedi10.13.

Four options for the VAMASand one option for the ScientaSEPut are availablé¢see3.10.13.

The resolution of the exported images may be changed in six levels up to 1286e$10.19.

The number of average points for the smoothing, differentiation and background calculation is
variable(see3.10.13.3. For the autoamtic spike correction the threshold multiplier and thamaaxi
number of spikes (in %) can be defined manu@ge3.10.1§. The presentation of the XP spectra
may be done in kinetic energy binding energysee3.10.17, the intensities in counts or cfsee
3.10.18. XA spectra are displayed invariably in photon eneAJyS spectra in kinetic energy and
RAMAN spectran wave numberThe form, size and colour of the curves a#i agthe fill colours

of the fitted component areas may be sele(ded3.10.19. Additionally, the form, size and colour

of the coordinate axes and all other lines are adjustable. The form, size and colour of the symbols ¢
the parameter plot may be defined, tdbe design of the printing out can be defined separatlly (see
3.10.20 or adapted to the display design (&#0.2). The presetting of the printer pffervé
options for the printing out of the spectra windows @4€.23. In a special menu the excitation
satellites for Mgka and AlKa and for two other user defined sources can be corrected and saved in
up to five sets of datésee3.10.23. The transmission functiolERF (or alsoT(E)) can be loaded

and defined manuallysee 3.10.25. UNIFIT offers different mathematical backgrounds of the
model function (product, sum or meolution of Lorentzian and Gaussian functions) and fit
parametergsee 3.10.2§, XAS background parameterand the XPS background parameters of
inhomogeneous samplésbsolute or relative) to realise the peak and backgratisef3.10.27.

The calculation of the spectral background can be selected between one background foffiall peak
components (homogeneous sample) or separate defined background $ufostieach peafit
component (inhomogeous sample, the number of pdilcomponents and background functions
has to be the samé¢3ee3.10.29. The option'Batch Processing Load Original Spectfacan be
activated or deactivated. In case of a spike correctitordéhe batch processing this option should

be deactivated (typical for RAMAN spectrayith the option[Batch Processinglnput Number of
Iterationg the number of iterations of the peak fit during the batch processing can be dséiaed
3.10.29. Additionally, the user can choose from two different methods for the calculation ofthe fit
parameter errorsee3.10.30.

The menu poinfile (see3.2) includes anextendd input routine (see.2.1). This input routine
allows the direct reading of measurement data of different kinds (see book: Line Positions and Dat
FormatsUNIFIT 2023 saved on USBnemory caril All processing steps, the window sizes,
positions and design elements of all windgiwslden or shown)the quantification table as well as

the film thickness estimation may be stored as one pr@geet3.2.2 3.2.10and 3.2.1]). The
original measurement data are saved in a separate dirastogythe project namé&he optionally

saved backups of the projects can be opésee3.2.3). Additionally, templates of the processing
steps and design features can be generated, saved and reload82.ead 3.2.1). The
integrated test spectra and the well chosen exarapbdde the user to test the different functions of
the programme without measured déd22.5. Auger parametersan be easily plotted as Wagner
plot (see3.2.9. Images (all typical data formats: wmf, tif, jpg,...) can be loaded (e.g. corresponding
SEM images of a SAM measurement) (8¢27). A closing function for all windowg¢see3.2.8 or
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all standard windws (3.2.9 is available The presentation of the active winddqeee3.2.13 all
windows (se€3.2.19 or selected windows3(2.19 can beexported as image taking a commonly
used format (jpg, bmp, gif, wmf, ety transferred to the clipboard via the copgste function
(see3.2.16. The resolution may be selected stepwise from the monitor resolution to 126Gstkoi i
steps(see3.10.19. The data achieved with the spectra analykthe active window (se22.17, of

all standard windows (se22.18 and before selected standavindows 8.2.19 can be quickly
transferred to the standard spreadsheet software (e.g°EQr@in®) with an export routineAll
important information is clearly shown on the direct printaftshe actibe window, all displayed
windows or windows selected before (&2.20. The menu [Fil& Pr esetti ng Printer
the individual setting of the printing out using five options. The menus {Bklect Spectiasee
3.2.29 and[File - Select Blockk (see3.2.29 allow the individual displaying of spectra from the
loaded data fileThe format of programmimternal spectrum name can be definBlde menu point

[File - Original/Accept Preferences] allows undoing all processing steps, the reloading of the
original measurement data and the refreshing of the disply of the active windo3v &€ With

[File - Exit] the programme can béosed (se&.2.27.
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Fig. 1. Presentation of the four supported spectroscopic methods (XAS, AES, RAMAN and
XPS) in four windows, project: Unifit_2023_User_Files\examples\Specials\XPS-XAS-
AES-RAMAN.ufp

For the spectrd odification (see3.3) menuthere is an undo functidior one processing step (see
3.3.]), an programmeinernal copy (see 3.3.2 and programmeinternal inseratiorfunction (see
3.3.3 for the dublication of a standard window with all processing steps and design fethieires
charge correction of thecve window ( se.3.4, a correction with théERF (see3.3.9, several
procedures for the background calculatiamd subtraction before the peak fit (s28.6, the
subtraction of the spectral backgrouri3(7), a satellite subtractior{see3.3.8, reduction(see
3.3.9, expansionsee3.3.10, differentation (see3.3.1)), integration(see3.3.19, 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 availaljg=e3.3.1§.
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The Peak Fit (see3.4) is based on the ndimear least squares curfieting algorithm of Marquardt

and Levenberg. The programme allows choosing product, sum orlgbomoof Gaussian and
Lorentzian functions for the calculation of the model funciisee3.10.2§. All peak parameters

may be varied independently, varied within a chosen interval or fixed at certain values. Moreover
paramegrs may be determined on absolute scales or they may be treated as relative parameters i
related to the leading peak of a doublet oratalefired master pealof a group of peakgsee
3.10.27%. Different options are availahlenabling the user to hold constant e.g. energy distances,
peak widths or relative intensities of peaks during iteration. A very helpful option of the fit
parameter table is the labelling of the components with the corresponding names of the chemic:
spectes (e.g. for the C 1s componemt€-C-, -CH2-, -CO-, -COOH ¢€) . The advar
option is the automatic transfer of the component annotations to the following processing step:
(export, batch processing, parameter plot, quantification tabde)jding an easy way for a correct
labelling of the chemical components with both the region name and the name of the chemica
component (C1sCH2-, C1s-CO- ¢é ) . Addi t i garanktéryable carhbe trahgfetred to
the clipboard witt h e G B a p funetions or exported as image. Furthermore, it is possible to
include the background parameters in the fit routidiernatively,the background can be simulated

by five different methods (or combinations of them) and subtracted from the experimental curve
before initiating the peak fit. Additionally, the error of the fit parameters can be calculated. Three
separate suprogrammes permit the estimation of valebeed edge¢see3.4.10and 3.4.1Q or

Fermi levels(see3.4.10. 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 measpurement
multipoint (area) measuremehtsAll options for spectramodification and the peak fit can be
included in batch processing. After the bapchcessing the fiparameteresultsmay be presented

with respect to given batch parametets,and Y-coordinates of the measuring poirttse window
numbers or on a fixegparameter pointThe fit parametergand fit-parametererrors of all fitted
spectra can be exported and printed dtive different presentationfor parametedependent
measuremest(see 0, 3.5.13 3.5.13 3.5.15and 3.5.1§ and five presentations for multipoint
measurementgsee3.5.16 3.5.16 3.5.18 3.5.20and 3.5.2( are availableA charge correctioffior

all windows (see3.5.]) or before selected windows (s&5.2 and a reload of the original
measurement data for gee3.5.3 or specific selectedtandard windowg¢see3.5.4) is available

An automatic spike correction for a large series of spectra is blegiee3.5.5. With a parameter

plot the fit parameters, the backgrotfinele areas, the minima or maxima of the spectra can be
plotted 3.5.8.

A Quantitative Analysis (see3.6) is possible from survey or single spectra usorgzationcross
sections as given by Scofield, empirical sensitivity factors by WdgnetPS and PHI for AE®r
defined individually by the user. The quantificatiable may be transferred to the clipboard via the
copy-pastefunction or exported as imag800 dpi) using a typical image format (jpg, wmf, gif, tif,

etc). A parameteiplot functionallows the presentatioof the peak areas oraah percentages with
respect to the window numbers, series parameters or manually chosen Tagiébn thickness

can be estimated by two different meth¢slse0 and3.6.3.

The Information (see3.7) about the acquisition parametésge3.7.]) or the processingteps(see

0) of the activated standard windaway be displayed any tim&he darge correctiorisee3.7.3,

the quantities of the peak fisee3.7.4 and the correction of the magnetic fielsee 3.7.7)
(important for XMCD measurements) can bspithyed of maximal 100 windows. The minimum
and maximum of the intensitfsee3.7.5 of the activated standard window can be shoWme
FWHM (see3.7.6 of the spectrum, the modified spectrum or freakfit components can be
displayed of the active window.he information about the path of the loaded measure(sest

3.7.8 and the project comment (s8€.9 is available Identification andabelling of theXPS and
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AES peaks(see3.7.7) may be realized with the integrated data bals@hotoelectron lines. An
additional data base of Auger paramet@gse3.7.12 can be presented as chemical state plot
(Wagner plot). The data banks integrated in UNIFIT (sensitivity fa¢ses3.7.14, XPS and AES
line positions(see3.7.1]), Auger parametersee3.7.13, doublet datdsee3.7.15 andAES target
atom subshellgsee 3.7.19) can be shown, edited and extended directly withcisp sub
programmes. The calculatednelasticelectron crosssection (see3.7.16 can be plottedA special
tool for the cé&culation of AES sensitivity factorgsee3.7.18 is available Additionaly, the main
memory(see3.7.17 usable and currently used by UNIFIT can be displayed.
The subroutinéAnnotation/Design (see3.8) gives the usr the manuatontrolover the scaling and
labelling of the energwave numbe(see3.8.10, intensity(see3.8.1)), parameter axitsee3.8.12
as well as the x and y r@aling position The design setting, the spectrum title and the complete
labelling of the activevindow, selected or alvindows can be storeé@nd relaoded*.dsg) (see
3.8.1 3.8.2 3.8.3and 3.8.9. Grid lines can be plotted optionallfdditionally, the spectrum may
be entitled and labelledith formatted or unformatted texsee3.8.5 3.8.5 3.8.7and3.8.8. The
number of decimal places the values on all axes (enefggve 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 sholwrportant remarks, commerdsd
a title may be inserted into the pldte displaying of ta intensityenergy wall, intensitparameter
wall or energyparameter wall in the 3D waterfall 4Btot, 3D waterfall-45° Plot, XY 3D Plot 45°,
XY 3D Plot -45°, XY 3D 45° ColourProfile and XY 3D -45° ColourProfile is optionally. The
acquisition parameter(see 3.8.1) (spectrum name, comment, batch parameter, pass energy,
analyser mode, lens mode, x position, y posjtibmell time, start and end energy, amgnber of
accumulations may be edited ina special subroutine for all opened standard windows.
Additionally, the batch parameters (polar angle, sputter time ...) can be changed and sorted after a
generation of a 3D ploA pasteand exporfunction allavs the transfeof modified datdrom other
software (e.g. Origin, Exceétc) via the clipboardThe subroutines of annotation and design can be
activated using the pull down menu or by pressing the right mouse button at the appropriate mouse
position.Fifteen marker lineg¢see3.8.149 can be displayed using different forms.
The menuCalibrate Intensity Scale(see3.9) allows the determination of the transmissiondtion
of the spectrometer in two different ways. The calculated functions can be shown, saved and used
for quantification.
TheWindows (see3.11) handling gives the following options:

1 three diffeent tile arrangements of the windoWsee 3.11.1 3.11.2 and 3.11.3 the

automatiaesizingof the windove can be deactivated optionally),

1 direct selection and activatioof the windows, particularly next or previous ones
(see3.11.6and3.11.7,
hide standard windowsee3.11.9,
hide standard windows (manu&bee3.11.9,
changingmanuallythe window size and positiqsee3.11.10),
changing of the windows numbgsee3.11.11,
four closing functionsdr windows and standard windows
(see3.11.133.11.14 3.11.15and3.11.16,
show windows video sequen(see3.11.139
two risize options (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 numbd#rg revision codethe
name and address of the owner of the licetlee used Windows versi@s well as the contact data
of the developer of the UNIFI3oftware.
Opened thlogues while using Unifit are closed iwb cases

=4 =4 -4 -4 -4

E |



1 General Characteristics 25

a) Automatic closing without an information message by changing the active window
a) optional closing vith an information message in case of saving a Unifit project,
export of data, export of images and printing out operations.
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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 reasoagiplroximation is essential for a qualitative and
quantitative analysis of XPS data especially if several components interfere in one spectrum. The
subtraction of the baselifeefore entering the fit iterations or th@aulation of the peak area can be

an acceptable approximation for simple analytical problems. In order to obtain chemical and
physical parameters in detail, however, it is absolutely necessary to include the background function
in the iterative peak fpprocedure.

The primary functionF(E) results from the experimentally obtained functidM{E) and the
background functioB(E) as

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

The energy (XPS: kinetic errgy, XAS: photon energyf the spectra can be described as
E = SE+SWGi - 1). )

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

If the baselinas calculaed before initiating the fit proceduy¢he background is set to the averaged
experimental functioM(E) in a sector around the chosen start and end channels.iVéhleft
channel Eu: low erergy side) and. 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,) = MW ®)

and at thénigh energy sidavith

E M, +i)
(i ) = _i=0
.M (i, NAP (6)
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2.1.1 XPSAES/RAMAN

2.1.1.1Constant Background

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

B.(E)=c, (7)

with

c=M(E,). )

2.1.1.2Linear Background

The linear backgrounchay be applied for spectra Wwismall intensity differences between the low
and highenergy side of the peak, e.g. for peaks derived from surface species, which are hardl
affected by inelastic losses. It is calculatath

B.(E)=a(E, - E)+c ©)

wherea results from the following equation
a= '\W(El) B '\W(Ez)
E,-E

(10

2.1.1.3Polynomial Background

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

B.(E) = ai+bi(i, - i) +ci(i, - i)* +di(i, - i)°. (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, which suffered significantly from inelastic losses
of the emitted photoelectrons. The calculation of the baseline is an iterative procedurembke nu

of iteration cycles should be chosen high enough so that the shape of the obtained backgrour
function does not change anymore. The analytical expression for the Shirley background is

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

The algorittm of Proctor and Sherwoo@][ applied in the programe UNIFIT is based on the
assumption that for every point of the spectrum the background intensity generated by &
photoelectron line is proportional to the number of all photoeles with higher kinetic energy.

The intensity of the backgrourg#(i) in channel is given by

Bs(l) — (a_ b)Q(I) +

b, 13
P(i) +Q() 49
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wherea and b are the measured intensities in chanaednd iz, respectively, andP(i) and Q(i)
representhe effective peak areas to lower and higher kinetic energies relative to the channel under
consideration. An iterative procedure is necessary becRused Q are unknown. In first
approximatiorBg(i) = b is used.

2.1.1.5Tougaard Background

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

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

it with a universal energy loss functitt{E) and the inelastic mean free paththeelectrong. The
backgroundBrH(E) for homogeneous samplessults from

B, (E) :/ij(E'- E)M"(E')dE . (14)

andM*(E) = M(E) - ¢ (seeegn. @). With the energyoss T =Ej- E we get theTwo-parameter
inelastic electron scattering cross section

BT

/(EYK(ET)=——s— . 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 simulatn of the los structure of insulators waseatedWith C& 1 orC &= -1andTo =0

theinelastic electron scattering cressctiongecommended by Tougaard canviriiten as

B(T-T,)

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

(17)

with AT<To® @ oand TATo=0.Itlis 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 andTy can be defined manuallyhe parameter€, C $D andTo can be adjusted manuatg

well as fittedusing the fittéle background

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

2.1.1.6Polynomial + Shrley Background

The superposition of the polynomial backgrouBe (see eqn. 11)) and the Shirley background
Bs(E) generates the backgrouBds

B.s(E) = B, +&iBs(E) - (18)
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The parametea @ fixed at the minimum of the experimental functigin(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 characterizatiorhefltackgroundn core level photoelectron
spectra takes into account all previously described contributions, weighted by the background shag
parameters froma, b, ¢, d, e, B, C, CD and To (with Bs(E) = Shirley background and
BrH(E,B,C,C',0To) = 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 backgrour8ry in egn. (19) and definedn
eqn. (14) is calculated using a differeM (E) = M(E) - Be(i,a,b,c,d).All parameters can be fitted
parallel to the peakitf An iterative calculation of the backgroumdthe fit procedure by including
its parametersor at least a part of thens, recommended especially for fitting photoelectron lines
with a strong Lorentzian contribution.

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

Tougaard

Material Class B/(eV)? Cl(eV)? Co D/(eV)? 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 measuremelatterafly inhomogeneous
samplegequireq 7] a separate background calculation for each {iic@dmponentSG. In thatcase
M*(E") in egn. (14) is substituted by the pedik componentsSC. The numbeand the sequenax
peakfit components and Tougaabdckground functions kato be the same. The generation of the
advanced Tougaatwhckground is a testeps 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 ijj(E,T)Mj*(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 of equationl{) we can also write:

B (E, Bur) = & By 22

The number of elements of the parameter veq‘fgqris 5k Because we have no information about

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

B, (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 adwveced Tougaard background is required. With the recursion formula for the
componenj and the recursion stepswe can write:

Bl (E.B,.C;.C}. D}, T,) =/ (E)K,(E.T)SG (E)dE, m=1 (24)
and
Bruym (E.B,,C,,.C",D,, T ) =/ (E)AK, (E,TISG (E) + By y]dE, m22. (25

At m =10awell convergence is achieveleor one componenj € 1) or ahomogeneous sample we
can write

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

For inhomogeneous sampli Tougaard backgroundr homogeneous samplBs+ is replaced by
the Tougaard bekgroundfor 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, Bay) 27

with the backgroungharameter vectof)'B and the parameters of the Toagabamgroundr\fm. The
e parameter should be settled to zero.

212 XAS

2.1.2.1 Constant Background

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

B.(B)=c, (28)



2 Theoretical Base 31

with

c=M(E). (29

2.1.2.2 Linear Background

The linear backgroundhay be applié 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 hardl
affected by inelastic losses. It is calculated with

B.(i)=a(i - i) +cC (30)

wherea results from the following equation

a= I\702) - M(Il) (31)

-1

2.1.2.3 Shirley Background

Although the Shirley model cannot describe the spectral background of XA spectra optimally, this
simde 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 the Shirley background for XA
spectra is

B.(E) = @'E F(E')dEc. 32)

2.1.2.4 Tougaard-Background

The spectral background of XA spectaae not optimally described by the Tougaard model
However, this background has a similar shape as tealkm Giant function. That's why this model
function also is usabl with XA spectra. Ador the Shirley background the calculation of the
integral must alsde calculat@ in the direction of lower photon energy. The measuring function is
weighted with a universal loss functi&n(T) and the inelastimean free path of the electroBs(E)

is given by

B.(E)=/ ij(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 @nd e @re manudy adjustable parameter§he
calculation for XA spectra is as follows wiB¥(E) as Shirley background

B,s(E) = ai+Di(i - i,) +ci(i - i))* +di(i - i)’ +eiBs(E) (34)
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The parametesd thie walueM(iy).

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 fsgentfunction. The
model suggested yutka, Stohet al. [8] was improved and inserted in the software UNIFIT.

2.1.2.6.1 Step Background

The error @inction is the antiderivative of the Gaussian function. The Arc tangent funistitre
antiderivative of the Lorentzian functiohhe analytical form of the error function is given by

erf (E) :%pfie"zdz‘ . (35)

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:

: E:rf Ee5rf Ee7rf 6 ~
- Q O OEerf < 1 (36)

2
erf(E) =— - + ,
( ) \/Eégerf 3 10 429

For large values dEerf the continuous fraction series expansion is used:

erf(E)=1- —°© _ | EerOL. (37)
a Q
\/Egerf * 2Eerf+ ; g 3 8
g Eerf"ZEerf =
For negative values @t we use
erf(E)=-erf(-E), Eer<O. (38

The Arc tangent function will be calculated with

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

The error functiorerf(E) and the Arc tagent functionArctanE) (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 vales are receivedhs is the step height.

Bii(E) = h_ZS + hsgg%(l- M,¢) @rf (E) + M, ¢ (% Arctan(E)g (40

The calculation of the XAS background can be made using two different ways:
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1 Step number = ®olynomal plus Shirley background
1 Step number > ®Polynomal plus sep background.

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 peakdit fixed at a certain value.
The equation

B(E)=a+b(i - i) +c(i- iy)* +d(i - i)’ +eB(E) (41)

describes the backgroun8<- Shirleybackground)
2.1.2.6.3 Step Number> 0

The stepbackgroundto describe the spectral background of XA spectra isgmeraly used
method. The software UNIFIT the maximal number of stepbl can be chosen freely. The
maximum ofSNis ten (doublets: twenty). The resulting stepkgaound is the sm of all defined
step functions:

A &
Bii(i) = & Bj(i, Ps) (42)

i

The parameter vectq\lfsjincludes four parameters for defining each step fungtistep heights;,

mixing of error and Arc tangérunction Mys;, step positiornEgs; and the FWHM of the step ;.
The polynomial background is added to the step function in the following wayislithe channel
number of the step functignat thephoton energyEosj+ 2 Aj€hen we can define the following
equations for the calculation of the ®&ackground

Biii(i):a+§Bji(i,&j) ,i<iy (43
Bii(i) =a+§lBii(i, Ig:sj)"'b(i - iy)*c(i- i)’ +di- i)t 0 10 (44)

The number obackgroundit parameters isvelvein case of two stepg$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 sighaltis responsible for the satellites is part of the
spectrum under investigation. The intensity in the spectrum produced byatlsat&llitesof the
excitation source is obtained assuming energy differences and intensities as gitéa¥ir] 9).

For a correct satelliteorrection,it is necessary that the main signal causing the satellites is shown
in the measured spectra. The values for the satelliteastioh of the Mg and Al excitation (relative
intensity, energetic position) are saved in
the user in the menu Preferene&atellite and saved in up to five separate sets of data.
Additionally , t wo excitation sources can be definec¢
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Fig. 2. Comparison of error and Arc tangent step functions for two steps (height: 1000 counts,
positions: 1293 and 1300 eV, Mys = O for error function and Mys = 1 for Arc tangent
function, FWHM = 1.5 eV)

Tab. 4. Intensity ratio and energy differencesof MgK U u nkdU Al Set0) 1, see

Setl a,, |a, a4 as as b
Mg excitation: Energy (eV) rel. main lin| O 8.4 10.2 (175 |20.0 |48.5
Relative Intensity 100 |8.0 4.1 0.55 (045 |0.5
Al excitation: Energy (eV) rel. main line O 9.8 11.8 [20.1 |23.4 |69.7
Rdative Intensity 100 |6.4 3.2 0.4 0.3 0.55

2.3 Differentiation

The possibility for differentiatingspectra following a procedure of Proctor and Sherwdddjl [
represents an effient tool for spectrum processing. This procedure allows to include the start and
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 of
complex overlapping lines by using the even derivatives of the spédfralfith m as the half

width of the intervall is calculated by

_ m(4m’ - 1)(2m+ 3)(m+1)
3

L

mit - m<j<-m. (45

The derivativaedM(E)/d(E)results as

dM(j +i) _ 5" (@037 - m(m+1) j +(2m- D2+ JYM (i +1)

a4 ] 9
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2.4 Smoothing

The procedure of Pavlath and Millard]] allows to include the start and end channel of the
spectrum and to select the width of the interval independently (optimaFEVe@EM, number of
average pointNAP = half width of interval). Withm as the half width of the interval, is
calculated by

m(4m? - 1)(2m+3)(m+1)
3

L= mit m<j<-m. (47

The smoothed spectruli*(E) results as

S (537 - m(m+D)j* +(2m- J(2m+3)tj) + m(m+2)(3m(m+1) - 1- 5t)

a C M(j+i). (49

M7 (j+i)= &

2.5 Modelling the Peak Shape

Basically, comparing the experimental spectra with a theoretical model curve requires the analysi
of core level contributions of several species as well as a background or baselin€enargg.
distribution curves in photoelectroand X-ray absorptionspectroscopy may be theoretically
characterized by spectral functions, which take into account all the possible excitation processes i
the sample. In most cases these spectral functions may be eeduyib set of peaks, e.g. main line
and satellites, multiplets, doublets or even single lines. The peak shapes are typically given by
Lorentzian contribution due to the limited lifetime of the core hole state and a Gaussian broadenin
mostly due to theneasurement accuracy of the analyser. Gaussian contributions may also be relate
to thermal broadening. Chemical, structural, and electronic inhomogeneities in the surrounding o
the emitting atom often contribute to Gaussian broadening, too.

Both the heipt-normalized Lorentzian function(E) (Fig. 3)

|_(E):f3 e@gﬂ (49)
i é a
and the Gaussian functi@(E) (Fig. 3)
G(E) = expI In 2H” (50)

by

are completely characterized by the peak parambtears. 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 6neAS line has been the product or
sum of Gausian and Lorentzian functions of the same widil2, [13]. In order to include
asymmetrical lins, the peak width paramef@may be substituted bp - UE - Eg)] [14].

Product

6 E-E df . ¢ e E-E, of
f(E)= hc§1+|v| T i cexp|r @ M) th2G = E)ngf' (51)
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Sum
cgééEE - g o E-E of
f(E)=h0M, §1+ & 0 +hd@- M,)@xpi- In2¢ )
" ebraE-E)uy U T EbraE-Bay

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, 2nd finally a faster convergence of the
iterative process as observed freglyen

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:

f(E)= f(L*G) = Eiﬁ_(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 more
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 .
cosp'z +(1- a)arctarg(E bEO)$
DS(E) =h&—! € (54)
2

[(E- E)® +b7]

Notice that the DoniacBunjic peak shape converges into a Lorentzian in the linat\ofO0.

2.5.3 ValenceBand Edge Calculation

2.5.3.1Convolution of Square Root and Gaussian Functions

The density of states of electrons of tfence 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) =E (55)
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one gets equatiom§) of the model function as the following

f(E)= f(W*G) = nﬁN(E')G(E- E)dE'. (56)

................... Gaussian
Lorentzian

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

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

2.5.3.2Convolution of Linear and Gaussian Functions

The density of states of electrons of ttedence 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

f(E)=f(L,*G)= nﬁ_v(E')G(E- E"dE'. (59)

2.5.4 Fermi Edge Calculation

The Fermi edgean be aproached by a Theta functidih €). The programmeJNIFIT usesthe
convolution of the Theta and Gaussian functifmmsnodelling this edgewVith

&l,: E<E, 59

Q(E):} 0: E2E,
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oneget equation §0) of the model function as the following

f(E)=f(Q*G) = }p(E')G(E- E')dE. (60)

2.5.5 Chi-square

The results of the leastjuare method used for minimizationasf are reliable if the differences
between the experimental spectrudi(i) and the calculated spectrum are independent and
distributed homogeneouslyn that casenly statistical measuring errasmain

The sum curveés givenfor homogeneous samplbg

S(i,[:c)\):'aIf SG (i) +B(i), (61)

and for inhomogeneous samplgs

S, B =4 [SC (. 5)+B, (i, py)] + Bo 62

k
=1

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

o5 =4 (S0.5- MO)

VIR ©3

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 fit
parameter§. The reduced Ckéquares®” canthen be obtained as

The expected value of” is about 1.

2.5.6 AbbeCiriterion

Already small systematic deviations betwdbe experirental data and thenodel can result in
strong inaccuracies for the fit parameters. Ribecriterionis 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
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a (R@i+D- R
Abbe= - =L . (66)

4 (R(i)

i=1

The value of theAbbe criterion indicates the existence of correlated residuals and thewdfore
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 acdrrelated deviations.

The expected value @&bbeis 1.

2.5.7 Residual Function

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

S, p)- M(@)
R(I)_—\/M—(i) : (67)

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

2.5.8 Non-linear Optimization using the Marquardt Algorithm

The criterion of an optimal description of sfracwith 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 spectrivi).

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

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

Product andsum: peak heighh, LorentzianGaussian mixing ratidly, energyko, full width half
maximumFWHM = 2-b, asymmetry;

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

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

The approaching o c o mponent s Q optinsizing pasmeiters. ASithof the background
(19) parallel to the fit of the component parameters increases the number of the optimizing
parameters by sixPY P+6. In case of linear parameters (e.g. pémight or background
parameters)y? is a square function of the parameters. Te&€may be minimized in one step.
Otherwise a Gaussigddewton iteration process is necessary to find the minimueh .of

Based on a stapiarameter vectop a vector of residais o 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

2 C
e —o3™R (69)
Up

with the Jacobi matriyd (i x j elements)

HR()

36, i) = RO
(1) ™0 (69
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the normalized residudR(i) (67) of the channel (i=1¢é N), and the model paramesep(j)
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 db(j)

JTIGh=-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 giverif .

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 Gaussiaton 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

(ATI+ADATI)P=-I"R (72)

with the diagonal matri©o(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 GaussiatNewton algorithm. In
contrastalargek gives a solution closky the gradient method.

If an iteration step is not successful thlenis increased by 10. With the same starting parameters
and the lager k a new solutiondp 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 of
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 pgndan ame
all other parameterns  are optimized for minimung® then the new value of? will be greater than

the old valueby one:

Cz(pk"'Dpk):CZ(pk)"'l (72
with the condition

c? @ (73

The cal ¢ ypifa independend garameters is shown in the following lines. We expand the
left side of 72) to the second order in a Taylor series expansion.

1“202

2

M) pp, + (Dp, ) (74)

u‘p R 2 IJ'pk

k

c*(p +Dp,)=c*(p)+

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

2 .2

*(p)+1=c(n) e 5E 5 (00 ) 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.

HPy
2 2 A2 2 .2 2 .2 X
dalcl e el g
& Hp; Hd; HP, HP,UPe O
aeuzcz p'26.2 UZCZ 8

H=Zdpup, Wl up, Pe & 7

61-:‘}.1202 H202 UZCZ O
S TRT T RT i 2

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

2.5.9.1Inverse of the Matrix H
The cal cyylismade@anan mversigp of the matix77).

B=H" (79)

The fit-parameter errer gqp« are the squareoot of twice the values of the diagonal terbasof
matrix B.

Dp, =/2Q, (79

2.5.9.2lterative Calculation

The idea of the iterative calculatiai Jpk is to increasek stepwise to form a new parameter
pk=px + Ok The first values @ the fitparameter errors of independent paramefgxs These
values are given by the diagonal tefmsof the matrixH (77).

2
Dp, = \/% (80)
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2
new’

is found it is compared té’. If ¢

During the new iteration thnd ¢

2 2 . - -
rew < ¢ +1 then a newx is calculated using an increased

D, and a new iteration is staditels the conditionc’,,2 ¢®+1 true, then the first fiparameter
error Bpk: is found.

Since the functions® is not always exactly symmetric, the behaviourk is also tested for
negative values anfb. calculated. The parametépk is the larger one of bothpk1 and Do

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

Case 1:f Py - Pumin ¢ Pumax - P and DBy 2 Py = P then D = Py e = P

Case 2:f Py = Pxpmin = Pamax - Px and Do, 2 P - Py min then Dp, = Py - Pi in -

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

%1202 -1
mein, =,/2
‘ \ ¢ Hp¢ 2

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

new-

Step 3: ¢2,<c’+1:n=n+1gotostep 2 or

new

p« is fixed and all other parametersk@re free. When a new

2
new

c

QOO

2

rew? C°+1, Dp, =nDp,
Step 4: Repeat the procedure with, = p, - Dp, and find the valudP.
Step 5: Dp, =Dp,,,

Step 6 If Dp,, >Dp, then Dp, = Dp,,

Step 7: Repeat the procedure with all other free fit paramegiers
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 w&uakate the errors of the areas with the following formula

DA, () = A (p+Dpj - A (P} (81)
If the backgroundB(b’B) was fitted together with the fit parameters, the error of the background
DB(b’B) is given by
DB(P;) = B(P, - D) - B(Pe) (82)
with b’u = fit parameters of background functiant¢ B in (19)).
If the area of the spectrundy, :SW('")S. [M - B(i)], then the error of the area of the total

i=1

spectrumDA; is

DA, = swc"z; {M()- [B(i)- DBG)]}- [M () - B(i)] = SWC'% DB(i) (83
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with i = measurement chann&l= number of measurement points &\Wis the step width in eV.
The error of the component aréh\f(b) is increased with the error of the baakgnd according to

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

DAG—DA+AjC'iD 84
DAL P (89

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

L
A

A
DAS = — A, + —DA®. 8
AR | A2 A -4 (85)

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

2.5.11 Calculation of FWHM Uncertainties

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

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

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

2.6 Determination of the TransmissionFunction

The exact knowledge d@he transmission functioof the spectrometesr the different spectrometer
setup may drastically improve the quantification of the measured @i&t2(]. For the calculation

of the transmissioriunction measured data of Au, Ag, Cu and Ge are used for calibration. The
model of the transmission function is given by:

T(E) =8, +a,e+a,6” +a,6" +a,6" +hE" (87

with E as the kinetic energy and

(E- E)
e=———7—. 88
E, (89)
The fitting parameteao, a1, a, ag, as, b1, b2 andEo (If Eo is zero or negative, then the default value
1000 eV is usell.are optimize during the calculation of the transmission function. Each fitting
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 Margdesdtibed in chaj®.5. In this case,
however,i t r suev@y spectré&§E) with T(E) = 1, taken at the reference spectrome®dj pre
fitted to the measured survey spectWHE). This fitting is done by multiplication with a
transmission functiohavingvariable parameters.
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.. [S(E)T(E,a,,&,a,,a,,3,,b,b,,E))- M(E)]
The functionT(E) is fitted to optimum, whew?i s i n a mi ni mum. The fAtrue

Ag, andCu are provided with the programe UNIFIT. It is recommended to try the first fising
only the variablesy, b1 andbs fixing all other parameters at zemadEoat 1000 eV

2.6.2 Fitting of the Peak Areas

Another proceduréQPA method)or the determination of the transmission function uses the peak
areas of the reference linéBhe QPA method was built up frodu 4f, Au4d, Audp, Ag 3d,

Ag 3ps2, Cu3p, Cu2pmpe, Ge3p and Geps, standard peak areas applying adequate ionisation
cross sectiond E,h 3and mean free path length( E ) .

In order to expand the estimation ®{E) using variable excitation energjegdifferent kinetic
energies of theeference peaks dlifferentrefererte compoundthe QPA method was improved.

With the known values of the inelastic mean free pé), the ionization cross sectiaiE, h8) and

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

A

Aj = (90)
/ (E)s (E,hn)T(E)

With the known values of the inelastic mean free gé), the ionization cross sectiaig, hs) and
the peak ared under the selected photoemission signals of the reference compeucatriécted
peak ared\'is given by

Ay X

s o

Provided that the relative quantification of two photoelectron lines 1 and 2 of a reference compound
with a welkknown number of atomX:; andX> using known vales for cross section and mean free
path and exactly estimated peak arBagives the ratioXi/X2, we can determine the transmission
functionT(E). Using Eqn. (1) we can write

A
% _ sl(E,hn)g(El)T(Ei) _ )>:_ ©2

S,(E,hm)/5(E)T(E,)

andthe separation of (E1)/T(E>) gives

X A
" s,(E.hn)/(E) _ T(E)
" 5,(E,hn)/,(E,)

Introducing the normalised reference valuef a photoelectron peak

- A (94
X;s(E,hn)/,(E)
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we can write for the photoelectron peak pair of peakdl2a
T(EZ) ("31 —
2o (99)
T(E)Q,

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

T(E) =, +ae+ae +a,e +a,e' +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 peaks of the reference compouadrémsmission
function T(E) may be approximated by minimisation of the sum of the squared devi&®Ds
varying the parameters of the chosen model fundt(&y

. é'T(EZn)(“BZn—l(EZn—l) _ 62
SO S €, )0, (E,) D &7

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

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

T(E)

%)

(98)

The defined limits of the parameters arB00 <= @ <= 100,-50 <= g <= 50,-20 <= a <= 20,

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

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

Sum:T(EZn) +T(E2n—1) (99)
and theSum the sum of a pair of the input data

SUF@ = r2n(E2n) + r2n- 1(E2n- 1) (100)
then the two normalised plot values lbé referencénput datar are given by

2n, plot = SumScZer;a(EZn) (101)

r2n-1, oot - SurIJ]@Zn—l(EZn—l) (102

Sum
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If Eo is zero or negative, then the default value 1000 eV is used.

2.7 Determination of the Film Thickness

Two methodsare applied br the determination of the film thickne$&2]. The normalized
intensities and the inelastic mean free p#th-P) or alternatively theeffective attenuation length
(EAL) of the film are used.

2.7.1 Method 1 (ERXPS)

This method[ERXPST Energy Resolved XPS)ses the differentMPFs of electrons at diffieent
kinetic energies if the electrons pass the fitgexr (MFP film). For the thicknessd determinatiorthe
different attenuation aformalized intensitiek 6f the substrate different films will be analysed.

d=cogd! (B (E) 4 &l (E)Q

10
O E)- 1 (&) H(E,) 4o

2.7.2  Method 2 (ARXPS)

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

d =/ @osgdn @“—8 (109

2.8 Determination of Auger Sensitivity Factors

A pseudedfirst principle technique for Auger quantification is usectalculate relative Auger yields
[23].
The Auger transition probabilityis given

(109

whereZ is theatomic numbera= 1. Uf20A1 0K e | e éfori elecsons5 6 16°0k W1 0
electronsa n d ° @BNlelctronsThe ionization cross sectidgrof a subshelli is given by

&BU - 187
an,s, AU - 1§ e 2% v2l0
0 - —oGn 27+U -1 (106
(; _%f' 0 : [ ]

where(, is the ionization cross section of thth level (in cnd), n, the electron populaih in the
target at o 6 .uf%enlile9EL/E: (ES= excitation energyEc energy of the target
atom subshell). The ionization cross section values were not adjusted for the effect eK@wster
transitions

The backscatter correction facs are calculated from the empirical equation

[ =1+2.88- 09 =g (107
¢ Bes
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where

h=-0.0254+0.016Z - 0.00018&* +8.3Q0 'Z® (108

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

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

SFE =5, G, O(E) (110

2.9 Automatic Spike Correction

The theoretical basic of the automatic spike correction is a modified Laplace njigthodhe
spikes arecorrected using the intensity of the lower measurement chantted same spectruamd

the intensities of neighbouringpectra. The maximum number of spikes (in % with respect of all
measuring points5%...30% and the thresholanultiplier (5...100)for the identification of the
spikes has to be defined by the user. éeraform of theLaplace operator is give by

L@, ) =404G, j)- M(i-1))- M@ +1j)- M@, j-D)- M@, j+D) (111

with the measured spectruli(i, j) recorded alN energy values corresponding to channedsd
spectrunj. All spectra have the same number of gpehannelsN.

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

\JLMMMMM

\

e S

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

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 spikégtypically 5% N' = N-5%/100%).
2. Generation of the Laplace spectra:Generation of the modified spectr§, j) using the
Laplace operatdior all ninepossible cases is defined @gn.(112):
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4 (@i, j)- M(@i-1j)- M(+Lj)- M(,j-D- M(i,j+]) 1<i<N 1<j<O

SAO (@i, [)- M(i-1))- M(i+1j)- 204G, j +1) 1<i<N j=1
TAN(0,j)- M(i- 1 j)- M@i+1j)- 20M(,j- D 1<i<N j=0
240N, ) - 20M (1 +1,§) - MG, j- - M(i, | +1) i=1  1<j<O
LG, 1) =140 (i, 1) - 20 (- 1))~ M(i,j-D)- M(i, | +1) i=N  1<j<O
%4(']\/I(i,j)-2C"M(i+],j)-2C"M(i,j+1) i=1 j=1
1401 (i, j)- 201 (i +1,j) - 20, j - ) i=1 j=0
S4B (i, ) - 200 (i- 1,])- 204G, j +1) i=N  j=1
FAM (i, j)- 2AM (-1, j)- 2 (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) Determingion of the channel numbeR(k,I) (k = 1...N', | =1...0) of theN'"-O
positions of the elements with the highest intensities of thedtmensional 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):

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

N (1) =3 & ' ; 11
=80 for Lii)z o i P, i QK ) 9

d) Estimation of the number of channls{j) for the calculation oA()):
Nae(i) = N - 2Ni- N, o(j) (114

e) Calculdion of A(j) with exceptiorof the channel®(k, 1), Q(k, I) and the negative
values ofL(i, j):

nave(j)?‘im'”’ LG, 02 0. i1 Pkj), 1T Q(k, ) 115

A =

. 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@wnd the
threshold multipliefT. Thus, the definitiorof the positions ofthe spikesP(k, j) of every
speetrumj is defined by:

(119

.. @ 0 for L(P(k, j) ¢ TOA(j). k=1..N'
(k. i) = (P(k, 1) ¢ T ()
|

Pk,j) for L(PK,j),j)>TO(j),k=1.N
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All channelsP(k, j) > 0 define a spike position in the spectrym

5. Spike correction: Finally, the data points identified as spikes need to be correctibe. If
channels of the spectrunpis 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,j)) 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 steppiiog 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)):

EM3-L)D+M(>-Lj-D+M(-Lj+D+M(,j-D+M(@,j+D))/5 i>1 1<j<O

MG _)_\{(M(i—L1)+M(i,2)+M(i—J,2))/3, i>1 j=1
TR M@ - pema )2 =1 1<j<0
Casell) The measuring pointi - 1ori - 2 of the spectrum+ 1is element of
P(k,j+1),j <O, (k=1...N") (egn.(119):
EM@-L))+M(3-Lj-D+M(@i,j-D)/3 i>L 1<j<O
M- 1), i>1 j=1
MG, j) =1 ( : ) - )=
iMZ -2, i=1 1<j<O0O
M@, i=1 j=1

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

Mii,0)=(M(i-10)+M(,0-1)+M(i-1,0-12)/3 i>1 j=O (119
MiLO)=M@O-1), i=1 j=0O (120
MiGi,)=M(@i-2j)+M@,j-D+MG-2j-2)/3 i=N, j=O (122

CaselV) The spectrum numbée 1 (first spectrum of the serieahd the measuring
pointi = N (last point in the spectrum):

Mi(ND=M(N-11), i=N, j=1 (122

CaseV) The measuring points- 2,i-1,i,i + 1 andi + 2 of the spectruarenot
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 saved in the Unifit projects
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'‘Document®Jnifit_ 2023 _User_FileeexamplesRAMAN\RAMAN -Before Spike
Correction.ufp’ antDocument®Jnifit_ 2023 User_FilegeexamplesRAMAN\RAMAN -
After-Spike-Correction.ufp'.
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3 Programme Handling

The handling of UNIFIT was designed according to common Winfisstandard, while some
details resulted frompractical applicationFive ways toactivatea call are available (not for all sub
routine callsare offered:i) Pull-downcommandsi) Shor t cut -CWwh t hii) eRd@upt
commandsiv) Shor t cut-Chva t ,wtlodnS §he humber, the futionality and the size of
the icons can balefinad by the user)In the following termsin boxes (e.gl OK ) refer to
command buttons, whileommands shown in square brackets representdpulh or popup
operations (e.g. Hile - Open Spectra- XPS - VGX-900 (*.1)] or [RightMouse Buttoni
Reduction]. A certain windowcan be activated by clicking the title bar with the left mouse button
or by using thepageup and pagedown keys Hidden standard windows can be activated and
displayed usig the operation [WindowsHide Standard Windows][Windows- Hide Standard
Windows (manual), or with the direct activation putlown operation(e.g. activation of window
120 with a N 1s spectrum[W:1-3000- W:1-200- W 120: N19g). Only windows with anumber
lower than 15001 can be activated using the pdwn operation. Windows with a higher number
(>15000) may be activated with the operation describeilih.8and3.11.9 By clicking the ridnt
mouse buttorat the appropriate positiampopup menu odifferent subroutines may be activated
The popup menwffersthe following functionality:
A: All window types:

Output:

1. Save Project

2. Copy Imege Active Window

3. Print Axtive Window

Design:
MarkerLi nes é
Markerof the Marker Lines (enabled if marker lines are displayed)
Spectrum Labelling 2¢
Spectrum Title 2¢
Activate Resizing Spectrum Labelling @iabled ithe formatted label is displayed)
Activate Resizing Spectrum Title 2r{abled ithe formated title is displayed)
B: Standard Windows without defined reduction-marker lines:

Design:

1. Graph Standard Windows/Wagner Alnt s p| ay é

2. Axes/ Lines/ Text Displayé

3. Plot EnergyWavenumbeAxisé

4. Plot Intensity Axig

Modify:

5. Original/Accept Preferences

7. Undo

8. Progamme-Internal Coping + Programe-Internallnsertion

9. Expansion

Edit:

100Edit Spectra Namesé@

Peak ID:

11.Automatic Peak ID

- with check of the maifines (not appropriated for narrow spectra)
- DefinedgE andgd are used from the Merjinformationi Identify Lineg
Quantification:
12.Use Peak for XPS Quantification (Mono) + Backgronwdhout satellite subtraction)

O’.U"P.W!\’!—‘
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13.Use Peak for XPS Quantification (Twin) + Backgroymith satellite subtraction)
- Background can be defined using backgrotsubtraction routines.
- If no annotation of the activated spectrum is available an Automatic Peak ID is carried out.
Peak Fit:
14.Fit Background XPS (HOM) (or INHOM
15.Peak Fit Input Fit Parameters Singlet Peaks
16.Peak Fit InpuFit Parameters Doublet Peaks
17.Peak Fit Show Parameter Linits
18.Peak Fit Show Fit Parameters
19.Peak Fit Iteration
C: Standard Windows with defined and displayed reductioamarker lines:
Modify:
1. Reduction
2. Reduction + Prograrinternal Coping + Progratimternal Irsertion
3. Remove Reduction Lines
Quantification:
4. Extract Peak for XPS Quantification (MoneBackground
5. Extract Peak for XPS Quantification (Twi#)Background
- Background can be defined using backgresuabtraction routines.
- If no annotation of the astated spectrum is available an Automatic Peak ID is caouéd
D: Wagner Plot Windows:
Design:
1. Graph Standard Windows/ Wagner Pl ot Displayé
2. Axes/ Lines/ Text Displ aye
3. Edit Window Names of the Same Typeé
E: Parameter Plot Windows:
Design:
1. Parameter Plot Dispa y é
2. Axes/ Lines/ Text Displ aye
3. PlotParameteAxisé
4. PlotIntensity Axi®
5. 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 Displag

3. Plot Energy/Wavenumber Axis or Plo#Axis

4. Plot Intensity Axise

5 PlotPar amet er AXxi sé

6. Reverse Plot Parameter Axsis

7.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
Plot Energy/Wavenmber Axi€ or PlotX-Axisé
Plot Intensity Axig
Pl ot Par amet efAXAxsiésé or Pl ot Y
Reverse Plot Parameter Axis
Edit Window Names of the Same Typeé

NogkrwnNPE
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8. 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 Displag
Axes/Lines/Text Displag
Plot Energy/Wavenumber Axas or PlotX-Axisé
Plot Intensity Axi®
Parameter Pl otY-AXiisspél ayé or Pl ot
Reverse Plot Parameter Axis
.Edit Window Names of the Same Typeé
The direct activatiosiof subroutines are:
A: All window types:
1. Spectrum Title &
2. Spectrum Labellingd
3. Legend/Select Curveés
4. Axes/Lines/Text Displag
B: Standard Windows:
1. Plot EnergyWavenumbeAxisé
2. Plot Intensity Axig
C: Parameter Plot Windows:
1. Plot Parameter Axés
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. Pl ot Intensity AXxi sé
E: XY 3D Colour Profile Windows:
1. Plot X-Axisé
2. PlotY-Ax i s é
F: Plot 3D Waterfall 45° Plot 3D Waterfall -45°, XY 3D 45° Colour Profile,
XY 3D -45° Colour Profile Windows;
1. PlotParameter AXi&
2. Plot Intensity Axig
3.Pl ot Energy/ Wavenumber AXxi seé
G: Plot 3D Colour Profile, Plot 3D Waterfall 0° Windows:
1. PI ot Parameter AXi sé
2. Plot EnergyWavenumbeAxisé
H: Plot 3D Waterfall 0° Plus Window:
1. PlotParamé er AXxi s é
2. Pl ot Energy/ Wavenumber AXi sé
Windows common shortcuts:The Unifit software suppots tlemmmon Window shortcuts

NooswNpe

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

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 Manipulation Intensity Correction
A Ctrl-n Normalization

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

A Ctrl-q Quantificaion

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 3Dpresentatiothe order of the spectwaithin 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
types of title barare 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 enefggivenumber (in case the
background is displayed: difference between intensities of spectrum and background), and
the intensity of the presentposition of the mouse pointer are shown simultaneously (see
Fig. 1). Theprogrammaeinternal peak nansean be:

Spectrum name without extensi@ng. Si 2p, my-achse
Iti region measurement),
Spectrum name pdu batch parametée.g. sputter time: Si 2p_80, SDP, ARXPS),
Spectrum name plus -axis (e.g. Si 2p_100, line sceggarding xaxis)
Spectrum name plus -axis (e.g. Si 2p_150, line sceegarding yaxis)
Spectrum name plus -axis plus |yaxis (e.g. SRp 100[|150, multipoint
measurement, mapping),
g. Spectrum name plus _batch parameteruspljx-axis plus |y-axis (e.qg.
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 currently loadegroject is displayed in the title bar of the parent windé¥tnenno
project isloadedthenthe title bar shows 'New project'.

~P oo Ty

‘Note:TheoriginaI spectra names of a measuremént

3.1 Defining Ranges

Rangesfor the rduction operatioman bedefined by placing markers on the window using the
mouse. Place the mouse pointer at the desiredtéattposition andlick the left key once. This will
cause a verticakeductioamarkerline to appear. Now place the mouse at the end posiieed(to

be right from the first marker) and clidke left mouse key A second marker will appeafrhe

ma
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marker lines can be shifted by placing the mouse over a marker lirhte left mouse button.

The reductioamarker lines may be cleared from the display by clicking thght mousefor
displaying the pojup menu and clicking thieinctiond Re mov e Re d u creédiaw of thé i n €
window removes the markes lines, t@dter a peak fit the markdmesdefinition is deactivated.

3.2 File

The programme offers several routines for file loading, because the different software applied for
spectrum acquisition produces different data formale programme has to accesshé original
spectrum from time to time. Therefore, the menuryice with the experimental data should not be
removed or changed during the processBiggle spectra, muliegion measurements, parameter
dependent measurements, line scam$ @&ultipoint (area) scansan be 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 sutmenu of UNIFIT.

Some Uniit-input routines support the matically loading of a series afeasuremerfiles. That
permitsthe loading of more than one single or mudtyionmeasuremeniThe batch indicator is a
number on the end of the file name (one to five digits, e.g. Test10008, 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 on (e.g.
Test_00001.vms, TeN0002.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 load
regions get the batch parametérthe loaded measement file (e.g. O1ls_00001, Ols 000Q2.

The batcHfile loading canbe used with the following Unifi#input routines:3.2.1.1.103.2.1.1.17
3.2.1.1.183.2.1.4.7and3.2.1.4.8

The batckHfile 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-fil@tch parameter.

Examples of rmasurement data are saved on the instaB-memory card

XPS: XPS_Measurement_Reference_Data

XAS: XAS_Measurement_Reference_Data

AES:. AES_Measurement_Reference_Data

RAMAN: RAMAN _Measurement_Reference_Data.

3.2.1 OpenSpectraé

~| This menu containall loading routinesavailable at the moment created on different user
E demand. Several regions can be loaded for some of thefdatsats. The names of single
regions (e.g. C 1s, S 2p, O, Ec) should notbe used twiceAll region names should not include
t he charact@or o6alund\ée . tTeearpled forneeperiinéntal data files are
summar i zed i nPodsitibne and DatakFornddatsdemsi@an20236 .  dirdcteryaccessed
the latestis selected automatically. Therefore, do not remove the memevice with the
experimental data. The previously applied loading routine is opened if the icoseds
Measurement files with the same name cannot be opened simultankooale of

1. parameter dependent measurementghe batchparametes( s putter ti me, a

added with a underline to the region name (e.g. Si 2p_0, Si 2p_5, Si 2@td))

2. line scan(all regions have the same batch paramatedifferentx- 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 paramef@g. region nameSi 2p,
x-position: 10, region nam&i 2p_10),
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3. multipoint measurements (all regions have the same batch parametae)new batch
parametersare created using th&- andy-positiors, the region name displayed in the title
lines of the windas will be modifiedwith the batch parametée.g. region name: Si 2g;
position: 10y-position: 35, region name: Si 2p_10|35),

4. parameter dependent multipoint measurementghe region name displayed in the title
lines of the windows will be modified witthe batch parameter, thxeposition and they-
position (e.g. region name: Si 2p, batch parame®d; 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 déaled
simultaneouslyln case of multipoint (area) sca(without batch parametert)e batch parameter

will generated by thex- and y-positions (e.g.x-position: 12, y-position: 25, resulting batch
parameter: 125). The usge 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 point3.8.11

Note: The usage of a SSD hadisk and the definition of Unif2023.exe 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 of snapshot scahaye equidistantstep widthsanda
monotondncreasing or decreasimmpergy scale

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

The submenu ESCALAB allows to load data from the Eclipse prognentESCALAB220iXL),
generated by the Eclipse stdwtine 'data export' in ASCHnd saved with the extension *.tap (see
book O6Line Positi\Wersien20230 di3)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 data export prograne C:\VGScientifidSoftwarébin\DataSpac®atchDump.exe in ASCII

and saved with the extension *ayjgs ee book OLi ne PogVdrgsion2086 and D
3.1.2). This routine allows the data transtéronesingle region (e.g. ClarO 1sé) but al s
conversion of parameter dependent measurenfemntsangle resolved measurement, seven regions,
0i60: C 1s O0A, C 1 theldadiny of life and Gultipaint (r@aspafise x and

y positiors of the recordig point areavailable.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 value of the batch paeter(e.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 providespbgial software
devel oped for a VG ESCA3 spectrometer at the U
Data Format$ Version20236 13).

3.2.1.1.4 BESSY/VSI/HHUD (*.*)

With the submenu BESSY/VSI/HHUD it is possible to load experimental data like those recorded
with the EMP software from the synchrotron storage ring BESSY. A dialogue box asks for
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excitation energy and region name
Positions and Data Formdtd/ersion2023% 31 311.6}4

, because |

N
4 - Sl = es
530.00 370.00
[Ag3p]
424.00 |Su—Tey| Ioput Acquiiton Parametes aronn
a
k]
P Test S|
é . eak name est Spectrum
= Batch parameter 1
= Comment: XPS Measuren
@ 212.00
Kl Date: 21.06.2021 13;
€ . — ]
106.00 Excitation Energy 1254 | eV
Initial Energy (KE): -32.59998 eV
0.00 Final Energy (KE): 1327 .4 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
7] Accumulations: 1
182.00 Dwell Time: 1 s
Pass Energy: 50 eV
[ Ag 3d
185.60 Ag 3s I Analyzer Mode: None
é Lens Mode: None
g 1790 X-Position: 0
> Y-Position: 0
g 172.80 Scan Direction
= KE decreasing KE increasing
166.40
180,00 Cancel
800 77 742 713 380 375 370 365 360
Binding Energy / eV T 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 item is developed for loading data in its simplest form with the energy in the first and the
intensity in a second column. All remaining parameters are to be provided in a separate dialogu
box (see Fig5). Start and end channel must be given as kinetic energies increasing from start tc
end. The start energy is used for contrl i ng t he data for mat (see
Formatsi Version20236 31 311.8)7

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

The software used with P¥B0O0 spectrometers provides the experimental spectrum (*.ASC) and
the acquisition paramete(s.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 converted into usual atesignduring the loading
process (e.g. AgltoAgd) (see book OLiIi ne TNReson20B6o 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-ig$xiThese
created datal@és can be loaded with the programme UNIFIT. Three different measurement formats
can be generated: single region, multi region and profile measurement format. For a correc
handling of the data with UNIFIT the regions should have the usual designatioBd,(8g2 p 3 é )
(see book OLiIine PoisMesion202838 3antél. D&ja For mat s
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3.2.1.1.8 PHI-1600/1600C (*.CSV)

The measurement data of the spectrometer1®80/1600C catbe exportecas ASCII data. The

acquisition parameteere saved ahe top of the file. Théntensities of the regions are saved at the

end of the file. The CSV format allows the saving of standard spectra as well as parameter
dependent measurements (see ©b¥Yesion2@d226i Be 1P dsli)t.i o

3.2.1.1.9 VGX-900 (*.1)

The software V&-900 supplied with VGpectrometers currently produces tives for one set of

data. UNIFIT handles the measured data file in combination with a detwax asking for the
excitation energy. The experiment name has to start with XPS (xps) ola&s}, 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 the
experiment does not have the structurenshabove, a dialage is 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 be
loaded directly in thenppgramme 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 parameter
(see book OLine PoisMemsion20@36 3d8antl. 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 the O1s region of Zagipears as Ols_2, the name of the Si 2p region
of Test.1 as Si2p_1.

3.2.1.1.10 VAMAS (*.VMS;*.NPL)

The VAMAS format is developed especially for chemical surface analysis with XPS. It allows
transferring standard spectmarametedependent measuring series (dgpth o f i | e s, line XP D6 s .
scans, multipoint (area) scaas well for further treatment s ee book o&éLine Posit
Formatsi Version20236 133). The x and yposition of the recording point is availab&pecial

options (normalization or sum operatiomf the input may be selected in the mepoint
[Preference$ Importi VAMAS (*VMS;*.NPL)] (3.10.13.). In case of a multipoint scan the

batch parameters are generated using thang yposition (¥y). This input routine supports the

batchfile loading function (se8.2).

3.2.1.1.11 VAMAS (*.VMS;*.NPL) Clipboard

Measurement data recordedthe VAMAS format and stored in the clipboard can be loaded using
this menu point.

3.2.1.1.12 NPL (*.NPL)

The current VAMASformat was developed from the Niglata record type. Like VAMAS, the
NPL-format also contains the most important measurement data, but it is less extended than
VAMAS (see book o6Li ne iP/ersian208B3@3ld4).and Data For ma:

3.2.1.1.13 SPECSLAB (*.EXP)

This input routine is able to read the measurement data recorded with the pne@BEBECSLAB

especially used by the spectrometer of the SPECS brand. Data from normal as well as parameter
dependent measurements are accepted. TbleehdNIFIT to correctly interpret the data, it is

essential that the correct name of each region (e2p, du4 f 7 é) is stated in t
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par ameter box Atag: 0 before the spectra ar
Aori gi rbalo:kd 6(Lsenee Posi tiVersion2023 dild3pat a For mat s

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 structure is shown me b o o ksitiodsLandch@ata P o
Formatsi Version20230 , 1.1@ .

3.2.1.1.15 VGS2000 (*.XPS)

This input routine reads a special data format of the University of Giessen. The excitation energy i
specified using a separate dialed o x . The intensities alPositiogsav e
and Data FormafsVersion20236 137).

3.2.1.1.16 ScientsSESSignals(*.TXT)

This special data format is used from the research centre of Kar[SEResoftware)The energy
values have to be stored as ki neFornatsie/ergongy
20236 , 1.19..

3.2.1.1.17 ScientaSESSpectra(*.TXT)

This special data format generated byhe Scientaspectrometeworking with the SES software
The intensities dfg in small angleor y-axis regions (Number of slices) are saved in several
caumns.Two reading options are available;
1. The sum of all slices gives the intensities of the specttisimg this option, a series fifles
of a batch measurement can be loaded automat{sai.2).
2. The intensities of everglice are loaded in separate spectra (e.g. 3 regions, 100 slices, 300
spectra are generated, ¢
(see book O6Li ne PoisMersiond0836 ,1d9.d Dat a For mat s
Multipoint measurements or line scans can be loadethifhdimension is available (1. dimension:
energy, 2. dimension: slice parameter, 3. dimension: stage position). In case the name of dimensic
2 is y-Scale then the slice parameters are loaded-pssjtion. The position of the stage defines the
X-posiion.

3.2.1.1.18 PHI Spectrometers/Single Spectrg*.SPE)

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

file in single ordouble float format. The number of bytes of the saved intensitifegiisor eight
times higher as the number of channels of all regibns 6 Li ne Po s itd Hormat$ an
Version20236 , 1.2@1). This input routine supports the batftle loading (see.2).

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

This specialdifferent data formad (different software versiong)f profiles or mappings(SDP,
angleresolved measurementtc.)is used from th&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 storedtba end of the file in single or double float format. The
number of bytes of the saved intensities is four or eight times higgaethe number of channels of
all regions pook 6 Li ne Posi ti on§ Veassiom202E) g 1.282 FRPRONALIZ3
(*.ANG) and 3.1.20.4 (*.MAP)
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3.2.1.1.20 Focus CSA (*.DAT)

This special data format is used by the spectrometer Focus CSA (a special analyzer for high
energies). Only one region will be saved. The header includes the recording parameters {e.g. start
end and exciation energystep width, etc). The data set with five columns includes the sum
spectrum [DATA] and the single scans [DATAE1[DATA 20]. The columns are: energy,
intensity, three normalization valuef book aLine Positi Verson28806d Dat a
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 selectextamsge

new sum curve can be creatéfdsingle scansareloaded,the scan number expands the spectrum
name A spike test of the single scaasd a previewcan be made automatically. An optional
normalization using the values of the columii 8 can be cared out (see Fig6). The maimal

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 header
includes the recording parameters (e.g. startd and excitation energgtep widthetc). The data

set with eight columns includes the binding energies, the kinetic energies, the sum intensities (is

|l oaded) and the intensities of each icMerasionnel tr o
202306 122).

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. s&artl energystep width, excitation energy,). Only the
first data block is loade(s.bookda L i n e Pmd®Patda HormatsVeraion20236 33). 1. 2

3.2.1.1.23 SPECS Phoibos22%rodigy (*.XY)

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

Couns 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/no,ring current, mirror current, TEY are supported

Transmission Function:  yes/ro,

Asymmetry Recalculation: yes/no,

. ErrorBar: yes/no.

The acquisition parameters are stored in the he@déookda Li ne Posi ti on$ and L
Version 20236  34). Multpoint (Area) scans include the x and y recording 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 be creatéar the definition of the reling options se8.10.13.3

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 and the step width 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.

ONoGaRWODNE
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3.2.1.1.24 HTW Berlin (*.DAT)

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

exact data structure is showntilhe book O6Li ne PosiiVérsion2086 ,a A@l. 1D.a
The data comments are in German. The decimal delimiter is the comma. The first column is the
energy axis in KE. The third columincludes the intensities.

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

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

the values of the decreasing binding energies anébtlosving colunms states the intensities. All
comments without greceding number before and after the measurement data are ignored. The
characters of delimitation are arbitrary (no point!). Tezimal character must be a point. The
acquisition parameters:

- Excitationenergy,

- 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 diagox( book aLi ne Posi tiiMemsien an:
2023 3.125).

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 increasitimpok
aLine Positi onisVeraan2023®3altZ. For mat s

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

This input routine is the same as described@.th1.1.25but the kinetic energy is decreasifgpok
aLine Positi onisVeraion20283®3A1tZ. For mat s

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

This input routine is the same as describe@.th1.1.25but the kinetic energy is increasifigook
aLine Posit immasisVeraan2028®AltZ. F o

3.2.1.2 XAS

XAS measuringdata can be stored in negquidistant step width and the energy scale not
necessarily needs to be monotonously rising or falling. During reading data are converted into dat
with equidistant step width. Not available intensity values are calculated by linear interpolation.
Before reading, the data are ordered according to the energy values and the step width. The smalls
generated step width is 0.01 eV. The input of XAS datngbs the labelling of the-Xxis to
'Photon energy / eV'. All opened windows presenting an XA spectrum get an internal XAS sign for
the special programme control XAS.
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3.2.1.2.1 NEXAFS (*.DAT)

This special input routine reads data with +sguidistant step widths pical 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 irgelated linearly. The »axis will be annotated with
O0Photon energy [/ eVb. Al l necessary recording
inserted manuallf book aLine Posi ti Vasios202&8a.1)Dat a For mat s

N
4
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 23 24 =6 297 =28 =29 @10
M 912 ©13 214 215 216 @17 =218 ©19 =20
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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 (increasing), next columns:
intensity, referene data). The recording parameters are saved in the header (number of data points,
dwell time...). A variable reading routine allows the allocation of the different columns to the
correct data form. The intensities can be normalized optionally using referend a t a . (bool
Positions and Data Formatsversion2023g 3.2.2). Start energy, end energy and step width of the

input can be changed optionally.

3.2.1.2.3 MAXlab Scan Zeiss (*.SP7)

This data format is typical for the synchrotron in Lund. The data are satedlve 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...). A variable
reading routine allows the allatton of the different columns to the correct data form. The

i ntensities can be normalized optionally wusin
Formatsi Version 2023G 3.2.3). Start energy, end energy and step width of the input can be
changed ptionally.
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3.2.1.2.4 LausanneNanoLab (*.*)

This data format is typical for theausanne nolab. The data are saved in columns with eleven
charactersEvery column has atle (e.g. MonoEnergy, Counter). A variable reading routine
allows the allocation of thelifferent columns to the correct data form. The intensities can be
nor mali zed optionally wusing referencelersibat a
2023 3.24). Start energy, end energy and step width of the input can be changed optionally.

3.2.1.2.5 SPECS Prodigy (*.XY)

This data wre 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 Recalculation: yes/no,

. Error Bar: yesho.

The acquisition parameters are stored in the healdes external channel data of the correct
excitation energies are necessaWith the energy data sored in the data block titledt
ColumnLabel s: energy Excitati on and ergengrgy, stepe V]
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 current,
the mirror current or the TEY tican be loaded. A normalization of the intensities with the ring
current is possible. A sum curve of separate scans of the regions can be Epgdtexidefinition of

the reading options s&10.13.3 b o o k a L i me DaR&amats Varsios20234 3.26).

©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 the decreasing Photon energies and%kel@mn states the intensities. All comments
without apreceding number before and after the measurement data are ignored. The characters
delimitation are arbitrary (no point!). Thdecimal character must be a point. The acquisition
parameters:

- Nameof region (comment),

- Dwell time,

- Number of accumulations,

- Pass energy

are to be provided in a separate diawgox( book aLine Posi tiiMemsien an:
2023 3.25).

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

This input routine is the same as describe®id.1.2.6but with increasing Photon energigmok
aLine Positi onisVeraon202B®3A2tc)a For mat s
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3.2.1.3 AES

The AES measuring data have equidistatgp widths and a monotone increasing or decre&ding
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, paramedtgendent measuring series (dgpth o f i | e s, XPDO6s.
scans, multipoint (area) scaass we | | for further treat ment (s e
Formatsi Version2023% 33). The x and y position of the recording point is available. Special
options (normalization or sum operation) of the input may be selected in the menu point
[Preference$ Importi VAMAS (*.VMS;*.NPL)] (3.10.13.). In case of a multipoint scan the

batch parameters are generated using thang yposition (x|yXb o o k : 6Line Positio
Formatsi Version20230 , 3.13 .

3.2.1.3.2 PHI Spectrometers/Single Spectra (*.SPE)

This special different data formats (different software versions) are used fronPHie
Spectrometers (e.@?HIl 700, PHI 680 ¢é) . Tshicn pamametars are saved from the line

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 intensities is four or eight
times higher ashe number of channels of all regiors @ o k : 6Line Positiions a
Version20236 , 3.23).

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

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

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

680 etc.). The acquisition parameters are saved from the line SOFH to line EOFH using the ASCII

text format. The intensity values are stored on the ertieofile in single or double float format.

The number of bytes of the saved intensities is four or eight times higher than the number of
channels of all regiond(o o k : OLi ne Posi tiiVersion20B8Hh B.2DMRR®) For ma
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 decreasing/Following Columns: Intensity(*.*)

This input routine is the same as describegl.tl.1.2%ut the kinetic energy is decreasing

3.2.1.3.5 1. Column: KE increasing/Following Columns: Intensity(*.*)
This input routine is the same as describe8l 1l1.1.2%ut the kinetic energy is increasing

3.2.1.4 RAMAN

RAMAN measuringdataarestored in norequidistantvave numbestep width The wave number

scaleis maotonously. Durig 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 the step width. The smallest generaggdvadth 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
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programme contrdRAMAN. The acquisition parametease adjisted 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 structure. All typical measurement typegylesispectra, multi region spectra,
batchparameter measurement, XY mappings) can be saved. Many (not all) tamquoarameters

are availabldb ook : o6 Li ne Posi ti Veosior20286n d183Dat a For mat s

3.2.1.4.2 S VistaControl XY Multipoint/Batch Parameter M easurement

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

acquisitionparameters. In case of a mudtipt measurement the number efand ycoordinates are
thesamébook: O6Line Posi ti Varsiors20280n 4d283Dat a For mat s

3.2.1.4.3 RRUFF (*.TXT)

This format has the RRUFF reference specttatd://rruff.info). The header includes some
acquisition parametes and chemical information about the reference material. The downloaded
spectra are saved in a sped@ter. DocumentgJnifit_ 2023 User_File\RRUFF RAMAN spectra
(book: 6éLine Posi ti Veosior20286n d38BDat 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 HR800.
The acquisittn parameters must be defined manuallize wave number has to be decreasing
(book: O6Line Posi ti Vaosiors20286n d43Dat a For mat s

3.2.1.45 EMCCD LabRam HR800Mapping 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 in the first lint
(decreasing) The positions othe recording points saved, too. The acquisitin parameters must be

defined manuallyp ook : o6 Li ne Posi ti Vaosios2028n d583Dat a For mat

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

This format permits the loading of a large number of &pee of a multipoint measurement of the
spectrometer EMCCD LabRam HR800. The values of the wave numbers are saved in the first lint
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(increasing). The positions of the recording points saved, too. The acquisitin parameters must be
defined manuallyb o o kine Pdasitions and Data Formét¥ersion20236 , 4.6)3 .

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

This input routine is the same as describe8linl.1.2%ut thewavenumberns 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 is the same as describe8.tl.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 preferenaefit procedure, fit parameters and all design elements for
the newly opened windavare loaded together with the dathe charge correctias set for each
window. The global charge correction is not changed (e.g.
Unifit_2023 User_FilefexampleSXPS\*.ufp; Unifit_ 2023 User_FilesExercise¥.ufp).  The
windows are opened on the originaize andposition (before the project was sayexkception:
image windows and get the same windows numbéranotherwindow hasalreadythis numbera
new windows numbeis searched. In thisase,a saved quantification tablmnnot le loaded. To
avoid changesclose all windows before opening a projelchage windows are opened with the
original X-Y pixel format of the saved imagébooka Li ne Posi ti on$Vewsiomd Dat a
20233 4.2).

3.2.3 Open Project Backup...

For the last five ssed projects,a backupi s created automatically (F
Project_backup_5.ufp). The backup of the last project is named to Project_backup_5.ufp. This
menu point allows the loading of the backilest

3.2.4 Open ProjectProcessing Step®esignStandard Windows...

7| This menu point allowshe loading of previously saved processing steps (with exception of
the charge correction aridterpolation operations) and design featu(with exception of
formatted titles and annotationshhis procedure is a combination of the Unffibject procedure
(see3.2.2and 3.2.1Q and the bath-processing function (se&5.10. The loadedorocessing and
designoperations can be applied using all standard windows with the same name asdbsingo
stepregion( book aLine Posi ti Vasios2022049. Dat a For mat s

Example 2: The processing steps ¢pectra: Unifit_2023 User_FiledtestspectraTest44
ProcessingDesignufp, processing steps/desighest44ppd are savewf theregionsSurvey, 2p,
C1s,N1s andO1ls Two multiregion masurementsare loaded (maybe using the batde
loading). Ten standard windows are opdnSurvey_ 01, 3p 01, Cls 01, N1s 01, Ols 01,
Survey 02, 8p_02, Cls 02, N1s 02, Ols_02)

1. Set the number of the first standard window to 30 with [Prefe®Setting of Programme
Parameters].

2. Load the Unifit projectest44ProcessingDesign.ufpwith [File - Open Test Projeét].
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3. Charge correction 1.493 eV of all windows with [Batch process@igarge Correction All
Windows...]

4. Entitle of the whdows with the sample numbeitsefirst five spectra withSamplel' (batch
parameter: 01) and the last five spectra with ‘Sample 2' (batch parameter: 02) with
4.1 Activeate the standard window 30.

4.2 [Annotation/Design Spectrum Title 1...) andétoption 'Selected Window§the Same
Typé.

4.3 Input of the spectrum title: Sample 1.

4.4 Pres{__OK__| A spectrum selection dialogue is openedec® the windows 3034,
press___O0K | The titles are displayed.

4.5 Activate the standardindow 35.

4.6 [Annotation/Design Spectrum Title 1...) and the option 'Selected Windwwlise Same
Typeo

4.7 Input of the spectrum title: Sample 2.

48Presd 0K | A spectrum selection dialogue is opened. Selecet the windova93md
press__OK | The titles are displayed.

5. Load the saved processing and design stapft 2023 User_FiledtestspectraTest44ppd
with [File - Open Project Processing Steps/Design Standard Windows].

6. A windowsselection dialog will be displayed. $et all windows anddivate the batch

processing for all windows witi__ 0K,

7. A message box appeafhe region names of the saved processing steps are shown. For a patch
processing the name of the saved processing steps and the name of the loadédsdgide
the same. Pred 0K for starting the batch processing of all ten regions.

3.2.5 OpenTestProject...

With O6Tebsti tSpiexctpassi bl e to test mdctisdther en
handling of the programe 44 test spectra are integrated in the softwazaiekage All test
spectra are saved as UNIFIT projects in the directdmifit 2023 User_Fileestspectr&.ufp.
Saved parameter sets are available for the test spectra from TestOl to Testl2, Test13.@nd Test
from TestO1Start.par, TestGEnd.par to TesttStart.par, TesttEnd.par, from TesttStart.par,
Testl5End.par to Test:Peakl.par, TesttPeak2.par, TestiPeak3.par, TestiStart.par, Test}9
End.par Test20Start.pay Test2223-24-25-26-27-start.par, €st22end.par, Test23.end.par, Test24
end.par, Test2Bnd.par, Test2énd, Test2#nd, Test289-30-31-32-33-start.par, Test2&nd.par,
Test29end.par, Test3@nd.par, Test3gnd.par, Test32nd.par, Test38nd.pay Test3}-startpar,
Test3-end.pay TestH-startpar, TestFHB-end.pay TestF-startpar, TestF-end.par TestB-startpar,
TestB-end.pay Test®-startpar, Test®-end.pay TestO-startpar, TestO-end.payr Testt1-startpar,
Testtl-end.pay Testl2-startpar, Testt2-end.pay Tes#3-startpar, Tes#3-end.par (directory:
Unifit_2023 User_FileYest spectra). The projects wihR e s u | t énd & the narheeshow the
correct processing.
Test01:Voigt function (for testing convolution)

1 Intensity 1000, Leentzianline width 1eV, peak position 198V, Gaussian linevidth 1eV,

asymmetry O

Test02:Voigt function (for testing convolution)

1 Intensityl000, Lorentzian line width 18V, peakposition 190V, Gausian line width 0.3

eV, asymmetry O

Test03:Voigt function (for testing convolution)
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1 Intensity1000, Lorentzian lingvidth 0.3eV, peakposition 190V, Gaussiafine width 1.7
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, background: 105+1E+0.25E
Test05:two Voigt functions + background+ noise[25] (for testing the convergence behaviour)
1 Peakl: Intensity 10000, Lorentzian line widil eV, peak position 198V, Gaussian line
width 0.3 eV, asymmetry O,
1 Peak2: Intensity 50000, Lorentzian line widiB eV, peak position 190 eV, Gaussian line
width 1.7 eV, asymmetry O,
f Background: 105+1E+0.25H noise
Test06:two doublets: (for testing gecial 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 position 283 eV, Gaussian line width
1 eV, aymmetry 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 line width
1 eV, asymmetry
Test07:Batch ProcessingVoigt functions (for testing batch processing
Sputter Depth Profile with 11 stepsl, Number of sputter steps:
1 C1s: One peak 281 eV, intensity varies with z between 200 and 800 Counts,
1 Ols: Two peaks,
1. Peak 53@V: Linear 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 eV: With maximum of intensity at z=5,
3. Peak 101 eV: Exponential intensitycreasing.
Test08: Two Peakswith Shirley background[26]( f or t esti ng of modaend f un
Shirley background)
Two peaks with 1leV energy difference, mixing ratio 0.26WHM 1 eV, aymmetry 0
Shirley background.
Test09: PMMA [ 26]: (for testing of convergence model function: Producttype)
Four peaks, all peaks have the same mixing ratio of 0.5@afdM 1 eV:
1. Peak: Position 289 eV, intensity 16.8 %,
2. Peak: Position 286.8 eV, intensity 20.8 %,
3. Peak: Position 285.7 eV, intensity 20.8%,
4. Peak: Position 285 eVhtensity 41.6 %,
and Shirley background
Test10:PVA [26] (for testing of convergencemodel function: Producttype)
Four peaks, all peaks have the sameng ratio of 0.5 andFWHM 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.
Test11:PVC [26] (for testing of convergencemodel function: Product type)
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Two peakshothpeaks have the same mixing ratio of 0.5 BMHM 1 eV:
1. Peak: Position 287 eV, intensity 50 %,
2. Peak: Position 285.9 eVhtensity 50 %,
and Shirley background.
Test12:PIB [26] (for testing of convergencemodel function: Product type)
Three peaks, all peaks have the same mixing ratio of 0.6\&M 1 eV:
1. Peak: Position 285.6 eV, intensity 25 %,
2. Peak: Position 285.2 eV, intensity 50 %,
3. Peak: Position 285.0 eV, intensity 25%,
and Shirley background.
Test13: SatellitesAl (for testing of correctness of satellite subtractiorAIK a-radiation)
Main 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 eV distande main peak,
Satellie peakas: 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 %,0 eV distancéo 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 distand¢e main peak,
Satellite pealas: 0.45 %, 20.0 eV distant¢e 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 peaks with a Lorentzian mixing 0.5deaFWHM 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
plus a constant background of 100 csun
Testl6: Convolution of a Gaussian function and square root function (for testinthe valence
band edgefitting)
1. Gauss functionFWHM 2.6 eV
2. Square root function: zero pointlkV
plus a backgrand of 30 counts.
Testl7: Three spectra in three windows with well defined intensities (for testing the
guantification procedure)
1. Window 1: spectrum from test 15
2. Window 2: spectrum from test 15 multiplied by two, energft:sh00 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.

E R

E R I

Note: For a correct loading and displaying of the jpob Testl7Quantification_Result.ufp th
following setting has to be used: [Preferenc&etting of Programme Parametefdumber of the
first Standard Window: <12] and [PrefereneeSpen Project with Showing of the Quantificatipn
and Film Thickness Td#] has to be activated.

D

Test18: Convolution of theta and Gaussian functions (for testing the Fermgadgecalculation)
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Gaussian functiorFWHM: 2.6 eV,
Theta functionjump discontinity: 3.25 eV
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: 1MCounts, position: 102 eV
2. Homogeneoudougaard background: B = 2866 (8VL = 1643 eV, Co6 = +1, D
To=0eV
Test20: Two lines with 4 peaks, sum of Gaussian and Lorentzian functionsgnergies:
Ga3d=104 eV, Ga2ps2=1117eV (for testing the film thickness estimation method 1)
1. Intensities of G&d and G&ps/2 correspondvith a thicknessl of about 35 nm.
2. IMFP film was calculated byiMFP = 0.103-E%74°
3. Takeoff angle was 0 degrees.
4. The start parameters for Ga 3p are saved in Test2Qpar.

wn e

Note: For a correct loading and displaying of the project Te&iff@-ThicknessResult.ufp the
following setting has to be ad: [Preferences Setting of Programme Parametefdumber of the
first Standard Window: 1] and [Preference®pen Project with Showing of the Quantification and
Film Thickness Table] has to be activated.

Test21:Six lines with 4 Peaks, sum of Gaussiannd Lorentzian functions, angle variation:
0, 30,60 degree (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 thickness 2,0 nm

3. IMFP film calculated withiMFP = 0.103 E%74°,
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 distributed noise
- Peakparametes as inTest22
Test24:Spectrum with 30 peaks, sumof Gaussianr und Lorentzian functions generated
synthetically, absolute parameters, normally distributed noise
- Peak parameters as in Test22
Test25: Spectrum with 30 peaks, sum of Gaussianund Lorentzian functions, generated
synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test22
Test26:Spectrum with 30 peaks, convolution of Gaussianund Lorentzian functions,
generated synthetically, absolute parameters, normally distributed noise
- All peaks: FWHM-Gauwssianline: 0.5 eV, FWHM-Lorentzan line: 5 eV, asymmety: 0O, peak
heights alternate betwe256000and 12500 Countgeak separatior20 eV
Test27:Spectrum with 30 peaks, convolution of Gaussianund Lorentzian functions,
generated synthetically, relative parametersnormally distributed noise
- Peak parameters as in Test26
Test28: Spectrum with 30 doublets, product of Gaussianund Lorentzian functions generated
synthetically, absolute parameters, normally distributed noise
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- All peaksof the dublets mixing ratioG/L: 0.5,FWHM: 5 eV, asymmetry: (oeakheightsof the
1. Peaksof doublets: alternate betwe@5000and 12500 Countgpeak heights of the2. Peaksof
doublets half height of thel. Peaks,separation of doublet0 eV,peak separation of the two peaks
of the doublet:5 eV
1. 1. Doublet, 1.peak:position100 eV;height 25000 Counts,
2. 1. Doublet, 2.peak:position105 eV;height 12500 Counts,
3. 2. Doublet, 1.peak:position120 eV;height 12500 Counts,
4. 2. Doublet: 2.peak:position 125 eV,height 6250 Counts
and so on.
Test29: Spectrum with 30 doublets, product of Gaussianund Lorentzian functions,
generated synthetically, relative parameters, normally distributed noise
- Peakparametegasin Test28
Test30: Spectrum with 30 doublets, sum of Gaussiarund Lorentzian functions, generated
synthetically, absolute parameters, normally distributed noise
- Peak parameters as in Test28
Test31: Spectrum with 30 doublets, sum of Gaussiarund Lorentzian functions, generated
synthetically, relative parameters, normaly distributed noise
- Peak parameters as in Test28
Test32:Spectrum with 30 doublets, convolution of Gaussianund Lorentzian functions,
generated synthetically, absolute parameters, normally distributed noise
- All peaks of the doubletsFWHM-Gaussian ihe: 05 eV, FWHM-Lorentzian line: 5 eV,
asymmetry: 0, peak heights of thePkaks of doublets: alternate between 25000 and 12500 Counts,
peak heights of the Peaks of doublets: half height of thePeaks, separation of doublets: 20 eV,
peak separatioof the two peaks of the doublet: 5 eV
Test33: Spectrum with 30 doublets, convolution of Gaussiarund Lorentzian functions,
generated synthetically, relative parameters, normally distributed noise
- Peak parameters as in Test32
Test34: XAS spectrum with 4 peaks, sum of Gaussian and Lorentzian functiorKAS
background, generated synthetically relative parameters, normally distributed noise
- Four peaks, mixing ratio G/L: 0.BWHM: 1 eV, asymmetry: Genergy 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 Counts
- Background Mixing of error andArc tangent function4 steps at the peak positions, step height:
10% of the corresponding peak heighityHM: 1 eV, Mixing Error- Arc tangent function0.5.
Test35: XPS multipoint (area) scan with 1 peak (Si) and two components (Si andG%i),
generated synthetically, 24x24 recording points (576 spectra), convolution of Gaussian and
Lorentzian function, normally distributed noise
- One peak, two componenGP-FWHM: 3 eV,LP-FWHM: 3 eV,asymmetry: 0
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, 11|13, 11|14, 12|11,
12|14, 13|11, 13|14, 14|11, 14|12, 14|13, 1l4iidar incresing 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 of intensities at the points 11|11, 11|12, 11|13, 11|14, 12|11
12|14, 13|11, 13|14A11, 14|12, 14|13, 14|14, linear decreasing of the intensities from the
centre to the edges
Test36: Test spectrum with two peaks asconvolution of Gaussian and Lorentzian function
generated synthetically,peakl combined with the Tougaard background generated with
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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: s$20.28).
Test37: XPSspectrum with 5 peaks, sum of Gausain and Lorentzian function, relative fit
parameters, 2 master peaks
- Five peaks, mixing ratio G/L: 0.3;WHM: 2 eV, asymmetry: 0
1. Peak: position 88 eV, peak height800 Countsmaster peak
2. Peak: pogion 2 eV, peak height0.5, relative to peak 1
3. Peak positiori89eV, peak height600 Countsmaster peak
4. Peak positior8 eV, peak height0.666, relative to peak 3
5. Peak positiorb eV, peak height0.333 relative to peak.3
Test3: XPSspectrum with 5 peaks, product of Gaussian and Lorentzian function relative fit
parameters, 2 master peaks
- Five peaks, mixing ratio G/L: 0.5;WHM: 2 eV, asymmetry: 0
1. Peak: position 88 eV, peak height800 Countsmaster peak
2. Peak: positior2 eV, peak height0.5, relative to peak 1
3. Peak positiori80eV, peak height600 Countsmaster peak
4. Peak positior8 eV, peak height0.666, relative to peak 3
5. Peak positiorb eV, peak height0.333 relative to peak.3
Test3: XPSspectrum with 5 peaks,convolution of Gaussian and Lorentzian function,
relative fit parameters, 2 master peaks
- Five peaks GP-FWHM: 1.5 eV, LP-FWHM: 1 eV, asymmetry: O
1. Peak: position 88 eV, peak height:800 Countsmaster peak
2. Peak: positior2 eV, peak height0.5, relative to peak 1
3. Peak positiori80eV, peak height600 Countsmaster peak
4. Peak positiorB eV, peak height0.666, relative to peak 3
5. Peak positiorb eV, peak height0.333 relatve to peak 3
Testd0: XPSspectrum with 5 doublets, sum of Gaussian and Lorentzian function relative fit
parameters, 2 master doublets
- Five doublets mixing ratio G/L: 0.5FWHM: 1.5eV, asymmetry0
1. Doublet: pakl: position 187 eV, peak height:800 Counts peak2: position: BV, peak
height:0.5, mastedoublet
2. Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doubl&
5. Doublet: peakl: positiar eV, peak height0.333, peak2: position: 1.8V, peak height:
0.666, relative to doubl&
Test41l. XPSspectrum with 5 doublets product of Gaussian and Lorentzian function relative
fit parameters, 2 master doublets
- Five doublets mixing ratio G/L: 0.5FWHM: 1.5eV, asymmetry: 0
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1. Doublet: pakl: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5eV, mastedoublet
2. Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1,8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doubled
5. Doublet: peakl: positiar6 eV, peak height0.333 peak2:position: 1.5eV, peak height:
0.666, relative to doublé&
Testd2: XPSspectrum with 5 doublets, convolution of Gaussian and Lorentzian function,
relative fit parameters, 2 master doublets
- Five doublets mixing ratioGP-FWHM: 0.5eV, LP-FWHM: 1 eV, asymmetry: O
1. Doublet: pakl: position 187 eV, peak height:800 Counts peak2: position: EV, peak
height:0.5, mastedoublet
2. Doublet peakl:position 2 eV, peak height0.5, peak2: position: &V, peak height0.5,
relative todoubletl
3. Doublet: peaklposition 188 eV, peak height600 Counts peak2: position: 1.8V, peak
height:0.666, mastedoublet
4. Doublet: peaklposition 3 eV, peak height0.666, peak2: position: 1.8V, peak height:
0.666, relative to doublé&
5. Doublet: peakl: positiaor6 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. Peak: position1292.5eV, peak height1000Counts
2. Peak: position2 eV, peak height2, relative to peak 1
3. Peak positiond eV, peak height0.5, relative to peak 1
4. Peak position6 eV, peak heights, relative to peak 1
- XAS-step background with four steps
1. Step position 1292 eV, stepheight: 100 Counts E-A mixing: 0.4, FWHM: 0.8 eV, master
step
2. Step position 2 eV, stepheight:2, EA mixing: 1, FWHM: 1, relative to step 1
3. Step position 1296 eV, stepheight: 200 Counts E-A mixing: 0.6, FWHM: 1.2 eV, master
step
4. Step position 4 eV, stepheight:1.5, EA mixing: 1, FWHM: 1, relative to step 3
Testd4: 10 spectra for testing the *.ppd files
- Tenspectra saved (Survey 01, Survey 02,5001, Ols 02, Cls 01, Cls @, S2p 01,
S2p 02, N1s_01, N1s_02 (two identcial mukiegion measurements)
- Corresponding file: Test44.ppd

3.2.6 Open Wagner Plot...

e The data base of Auger parameteregrated in UNFIT 2023 can beloaded andolotted
A with the menu poinfFile - Open Wagnre Plot](seeFig. 7). The plots can be annotated (see

3.7.12 and the data bank can be changed and expdsded.7.11andb ook aLi ne Pos

Data Format$ Version202®% b . 1
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3.2.7 Openlmage...

~~| [File - OpenImage] realizes the input oimages and picturepll 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 and
exported.

1227 T ‘ T T 1267
1226 - As 3d + As (L3M45M45) | T 1266
ans
1225 - i T /Il/ 1265
1224 Asl3 1264
1223 [ | 1263
As.ZSS
1222 & )P:m/ 1262 -
(]
% 1221 1 1261 —
> ]
)] Ph3AsO T
5 1220 1260 £
g As203 ©
g 1219 / /ME"’ 2 1259 ©
Q —
§ 1218 As205. | | 4 1258 d§’
| <
1217 1257
1216 1256
1215 1255
/KAst
1214 1 T T - 1254
1213 1253
1212 I 1 ! 1252
49 48 47 46 45 44 43 42 41 40

Binding Energy / eV

Fig. 7. Chemical state plot (Wagner plot) of the Auger parameters of As 3d + As (L3M45M45),
project: Unifit_2023_ User_Files\examples\Specials\As_Wagnerplot.ufp, inserted into
t hi s documeihRaste/fiuan c6tCGoopryd of UNI FI' T and Word

3.2.8 CloseAll Windows

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

3.2.9 CloseAll Standard Windows

[FileT CloseAll Standard Windows] closes all opened standard windows. Th&iB@bws
and parameter windows remain open. If a windowalased all fit parameters are deleted and
the software controlling flags are reset. The region names in the dialoguk felect spectra] are
kept. Before the window is closed the projects casdved.

3.2.10 Save Project

] | All activities (e.g. PealFit, Differentiation, Smoothing, etcof all opened windowshidden

] or visible) can be saved together in one project. If a pragsaved, the measurement data
are saveadditionallyin afolderwith the same name. The results of a quantitative analysis and film
thickness estimatioare stored automatically by saving a project. The saving of processing and
analysis steps by projects is a simple way to iaecthe results. (Example: Project namgrest
project.ufp, name of the directory of measurement datiest projedt.*). Before the project will
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be saved a backup stored (e.g. Project_backup_1.ufph automatically saving can be activated
(see3.10.10.

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 Save Project Processing Steps/Design Standard Windows...

All activities and design featurdg.g. peakfit, differentiation,smoothing,colour, etc.)of all
openedstandardvindows (hidden or visiblean be saved together in gm@cessinglesign
file (*.ppd). The saving of processing adésignsteps is ayjoodway togenerate templates for the
applications using similar analysis problenTfhe charge correction, formatted titleformated
annotations and interpolation operations are not sé®efibre thefile will be saveda windows
selection dialogue is opea It is not possible to save processing and design steps of windows with
the same namé&he default folder of the *.ppd files is UnifR023 User_FilegMy Unifit Project
Processing Steqsb ook alLi ne Posi ti Vaosios20220449. Dat a For mat

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

1| This menu point allows the easy and quick export of the resulidtdrt processing oa
presentation software. The active window is converted to a generally used image format
(formats: jpg, bmp, gif, emf etc.). The selected resoluti®riQ;14 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 I mages All DisplayedWindows (400 dpi)...

1| This menu point allows the easy and quick export of the resuliddrt processing oa
IMH presentation softwaref all displayed windowsAll displayed window are converted to a
generally used image format (formats: jpg, bmp, gif, emf etc.). The selected res@uti®ig is
displayed additionally (monitor resolutipf00, 600, 80, 1000, 1200 dpi). The form of the window
is not changed-or a following generation into an animated presentation (software: gifanimator.exe)
the image should have the extension *.gif. Them@nu3.11.12is an appropriatgreparingool of
the Unifitwindowsbefore the export imade. The image names have the structeéected name

+ ® + wi nd o(fiwve digitg(engb@aAs 00001.gif, GaAs_0000% i )f , &
3.2.15 Export Images DisplayedWindows (400 dpi)...

1| This menuitem corresponds to the menB.2.14 However the selected windows are
exportedonly. Example3 illustrates the export of all displayed windows and the generation
of a animated gifile. The animated gifile can be implemented in a PowerRtgbresentatiorfsee
Example3).

Example3: An animated gifile of a longtimestability measurenm has to be created.he

animated gifile can be implementedtma PowerPoint presentation. Adrocessingstepsfor

the preparation and the export thfeimages othe Unifit-standardwindowsare given(project

Document$Unifit_2023_User_Filedexample$XPSStability-MeasuremenCu2p31100

SpectraMono-Sourceufp)

1. Load the Unifit projecDocument$Unifit_2023 User_FiledexampleSXPSStability-
MeasuremertCu2p3-1100-Spetra-Mono-Source.ufpwith [File - Open Project ].

Following windows arelisplayed:
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-one OPar ®dwregldwe r Pl o't
-onPlotdD Wat erwindowl 45A06
-f o lCru 2 @t&ndardsvindows with a peak fit of orgeakfit component.
2. Change the nuber ofthedisplayedandardWindowsfrom 4 to 137 with:
- [Windowsi Hide/Show Standard Windows]
-Selec Show 'ESiteanyd &8r d Wi ndowbd
- leave the dialogue wif_0K |
3. Rearrange the windows witbeactivate the option [WindovisAutomatic Resize
Deactivatedl andactivate[ Windows Cascade],
4. Change the stretching factor of the intensity scale for all displayed standard windows to
uniform value with:
- [Windowsi Show Window¥ideoSequende
- Select all Windows and deactivate windamg and two
- leave the windowselection dialogue witl__ 0K |
-The di al dMndowsVided Begwermd [Moé opened, the setting is:
1. OFrame Dwel:dl Time in ®Recondsbo
26 Same Position of W ndoAetsateels Act i v
3. wS®&®mndow Size @as Act iActwatedi ndow?o

4. O0Same Scaling of | nt:.eActyvatedy AXi s
5. 6Same Scaling of 1Int eDesacivdted AXi s
- leave the dialogue wi{_0K__|

- After a rescaling of the intensity esa windows video will be showihe question
appears:Windows sequence is finished. Orginal intensity scaling of the windos? Press
Cancel

5. The batch parameter defines the time index after the start of the measurement. Create
spectruntitles using thespectrum title fus the batch parametefor all standard windows
with:

-[Annoation/Design Spectrum Titl e 1¢é&]
- Write in the edit field: Time Index

- Frame: Without

- Windows: A Windowsof the Same Typdéctivated

- Appendix:Title + Batch ParameterActivated

6. Press__OK | The time index is displagién all standard windows.

7. Export the images of all standard windo(msthout theParameterPlot Window (window1)
andthe 3D-Waterfall 30°Window (window 2))with [Filesi ExportimagesDisplayed
Windows(400¢ ] The di al ogue O6Select Windowsd a
windows 1 and 2.eave the dialoguewi{ 0K . The 6Save Datad d
Select thdfile type*.gif and thefolder
Documents$Unifit_2023 User Files\AnimatedGIFsThemainname othe files isCu2p3. The
batch-file numbers are generated atomaticalljne export process takes some minutes.

8. After saving the project theNUFIT programme can be closed. The animatedilgifis
generatedising the software
Documents$Unifit_2023_User_File§AnimatedGIFsgifanimator.exe

9. Open the foldeDocument$Unifit_ 2023 User_File§AnimatedGIFs Arrange the
Cu2p3_xxxxx.giffilesin that way, that the file with the highes batfikt number is aba
(Cu2p3_01136.g)t

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

Cu2p3 01136gqif with the left mouse button and marel loadall gif files to the

a

e Wi n

of
of

i al

gifanimatorvia drag-and-drop.

St q
3D

ppear

04gL
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11. Operation steps usy the gifanimator.exe:
- Mark all imported images
-Definethed ur at i on wiuration (H100s329 & 0.2 seconds)
- Save the animated gif files with na@e2p3Animated.gifwi t h 6 Save asqd@
- Close the gifanimator.exe
12. Loading the amatedgif file into the PowerPoint presentation:
- Open the PowerPoint presentation
- Load theCu2p3Animated.gifi n t he pr es e n tDartoipo nF uvnicat itohned
06CoPyt e Functiond
-Usenott he funcitlmage® Ol nsert

3.2.16 Copy ImageActive Window (400 dpi)

This menu point is equivalent to poiBf2.13 however,the created window presentatien

IMHA copied to the clipboardrhe saved image can be dieal using Word or PowerPoint with the
cal l epPRps8wads (i nserted vi a OlReaestlutiaican be selecked & d
point3.10.14

Note: If the graphics are exported incorrectlyan change the monitor settingadoT r ue Cal oL
bit)oé wusing the syst ExportdmagetWindogv (Cofdy) PWisnt cco wisu.n ¢
with an image resolution of 800, 1000 and 1200 seedain memorypf 1 Gbyte or more.

3.2.17 Export Data Active Window...

E The menu item [File ExportData Active Window...] enables the comfortable transfer of
data to conventional scientific graphic and spreadsheet programmes {CExgal®...). 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 nomalizationcan be chosen arbitrarily. The following valuesg@wenfor orientation:

1. Maximum of the processed curve or

2. Maximum of the sum curve or

3. Maximum of components 1 to N.
The normalization is activated only if the check boxtceni n ® , at éi ggered 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 O6LiIi ne PosiiVersiomd0206 ,and
4.1.1.1).
B) Activated 3D Waterfall 0° Window:

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

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

Version2023, 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: energiwavenumber (step width: smallest step width of the embedded single
spectrum),
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column:
column:
column:
column:
column:
column:
column:
column:
10 column:
11.column:
Unavailable intensity vales are interpolated linearly. All intensity values have an offset

intensities of the 1. component of spectrum 1,
intensities of the 2. component of spectrum 1
intensities of the sum curve of spectrum 1
intensities of the background of spectrum 1
intensities of the spectrum 1

intensities of the 1. component of spectrum 2
intensities of the 2. component of spectrum 2
intensities of the sum curve of spectrum 2
inteasities of the background of spectrum 2
intensities of the spectrum 2

corresponding the 3D Waterfall
Version2023, 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.).

Intensity / kCounts

R(E)

Fig.

E) Activated Parameter PlotWindow: The 1.Row includes the labelling of the columns (Energy,

1. column: energyavenumber (step width: srallest step width of the embedded single

spectrum),

2. column:

intensities of the spectrum 1,

3.column: intensities of the
Not available intensity values are interpolated linearly (seeQFign d
Formatsi Version2023, 4.1.1.4).

OA Pl Eosnatsir esent

spectrum 2,

é

book OLiIi na#ga Posit

14,0 [ T T T T T
——— Spectrum
S 2p Background
114 | Components
S- Sum Curve
Residual
88
6,2 |
361 S6+
1.0 ¢ : . ‘ . . .
176 173 170 167 164 161 158 155
Binding energy / eV

1 AR "Y.;-“*‘\:\4‘“**=Z,Nﬁluf'\l‘§=§4'{\ﬂ\'v\ «d‘w ‘V‘% e f“” i Pyt TiLEPLIvAT

8. S2p

inserted into thiisPadsaceunfieunntc tviioan 66 @ofp yUNI FI1 T

spectrum  (project:  Unifit_2023_User_Files\examples\XPS\S2p_peak_fit.ufp)

Names of the analyzed lines).

1. column: Batch parameters (angle, sputter time),
2. column: values.

see book o6Li neiVersian20234dA.5). and Data For mat
F) Activated Wagner Plot Window:

&

ease

ani
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column: binding energy of the photoelectron line,

column: kinetic energy of the Auger line,

column: Auger paraster,

. column: Name of the chemical compound

Pl ease see book OLi né&Vdsos2028,4.bIn65 and Data For
G) Activated 'XY 3D Plot 45%, 'XY 3D Plot -45%, 'XY Colour Profile’, 'XY 3D Plot 45° Colour
Profile’ or 'XY 3D Plot -45° Colour Profile' Window: The 1.Row includes thevalues of the Y
axis (equidistant steps).

column:Values of the Xaxis (equidistany,

column 2. row max/minintensiy or peak areaf thespectrum recorded at point 1|1,
column:2. row: max/minintensity or peak areaf the spectrum 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 peakareaof thespectrum recorded at point 2|1,

. column, 3. row max/minintensily or peak areaf thespectrum recorded at point 2|2...
(see book OLiIi ne PoisMersiond083s4.14H).d Dat a For mat s

PowhpE

whoabkwnE

Note: The programme UNIFIT reads data files froneasurements witmany different formats.
Therefore, the export routines can be used as universal converting programme.
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Fig. 9. Example (project: Unifit 2023 _User_Files\test spectra\Test07.ufp) of a 3D-waterfall -
45° presentation of the Si2p spectra, i nserted into this Pasecume
functiond of |tiNdelpdrameter-dependiiat 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
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3.2.18 Export Data All Standard Windows...

E The menu item [File ExportData All Standard Windows.] enables the comfortable
transfer of dataf all standard windows as describei@.17 The data set of every window

Is saved in a separate file. The womés number and the 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 file name

was selected to 'Data’, the generated files are: Data 21 Cls.dat, Data 22 Ols.dat,

Data_23 N&.dat, Data_24 Si2p.dat).

3.2.19 Export Data Standard Windows...

E The menu item [File ExportDataStandard Windows] enables the comfortable transfer of

dataof the windows selected before as describe®@.®117 The data set of every selected
window is saved in a separate file. The windows number and region name is integrated into the file
name (e.g. four spectra are loaded in the window&C2s), 22 (O1s), 23 (N1s), 24 (Si2p), the file
name was dected to 'Data’, the generated files are: Data 21 Cls.dat, Data 22 O1ls.dat,
Data_23 Nls.dat, Data_24 Si2p.dat).

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

3.2.20 Print Active Window...

The submenu [Filei Print Active Window..] allowsthe printing of the active window. As
g selected in3.2.29 the spectrum can plotted on the full or half paggan opion, the result
of a concentration determination may be placed on the lower half of the printoutliptue.
preference option 'Display Setting ===> Printer SettiBdL{.2] is activated therhie window will
be printed asidplayed. In case of a fitted spectrum the fit parameteng beappearoptionallyon
the hardcopy (see Fid.0), the printing of the acquisition parametarsy be arrangegdtoo. If the
preference option 'Display Setting ===> PeinSetting' 8.10.2) is deactivated the design of the
printout may be defined separateB.10.20Q. If a WagnetPlot wondow is printed out the auger
parameters can be plotted, too.

3.2.21 Print All Displayed Windows..

The submenu [Filei Print All Windows...] allows the printing of all displayed windows.
g The design of the pringing out can be defined 3r2.229, (3.10.2Q0 and @.10.2). The
defined presttings3(2.22 are vaid for all printed window.

3.2.22 Print Displayed Windows..

The submenu [Filei Print Windows..] allows the printing of before selectedspectra
g windows. The design of the pringing out can be define8.ila%2, (3.10.20 and (3.10.2).

3.2.23 PresettingPrinter...

This submenu offers five option®or the definition of the printing out of the spectra:

Window plus Acquistion Parameters
WagnerPlot Window plus Auger Parameters
Window plus Fit Parameters

1
1
1
1 Window plus Quantification Table
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1 Two Windows on One Page or On the Half Page

The quantificationable (if available) is printed out after the printing of the last window.

3.2.24 Select Spectra...

N The subroutine [File - SelectSpectra...] allows the generation of standard windows
A including the selected regions. The standard windowsbeacreated hiddeor visible. The
button Hide Standard Windows activates the corresponding dialogpoint 3.11.§. Different
selecting modes are offered. Several regions can be selected simultaneously. If a second spectrt
will be marked and the shift key is pressed, then all spectra between the first and second marke
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 standarddaivs that 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 progammeinternal peak name can be defined manually. The following options are offered:
Spectrum name without extension (single and mratfion measurement, e.g. Si 2p, O, 1s)
spectrum name with batch parameter (SDP, ARXPS, e.g. Si 2p_60)
spedrum name with xaxis (xaxis line scan, Si 2p_100)
spectrum name with-gxis (y-axis line scan, Si 2p_150),
spectrum name with -&xis and yaxis (multipoint measurement, mapping, e.g.
Si2p_100|150),
6. spectrum name with batch parameter;axis and yaxis (SDP mapping, e.g.
Si 2p_60]100|150).
The region names of the data file loaded the latest appear in the box 'Select Spectra’ until yo
proceed to an operation for a region originating from another data file which requires the original
data, like [File- Original/Accept Preferencgs[PeakFit - Iteration] or [File- Export Data...]. The
content of the 'Select Spectrum' dialogue will be refreshed.

aobhowbdpE

Example4: A data file containing @s, Ols and survey is loaded and displayed in wimdLl -
13. Afterwards a second data file withZp, N1s, and Ci2p3 is loaded and presented in window
14 - 16. The[File - Select Spec#j dialogue box contains the regions of the second data (file.
During the processing of the I3 signal, you have teeturn to the original spectrum. Carrying out
the option [Filei Original/Accept Preferences Active Windowhe regions in[File - Select
Specta] will be substituted by the content of the first data file.

3.2.25 Select Blocks...

This menuoption is created for loading parametipendent measuring series saved in
#\_| VAMAS, PHI (*.SDP), PHI (*.ANG) or PHI (*.MAP)ormas. The regions (e.g. O 1s, C 1s
...) recorded at different conditions (angle, sputter time) can be selected as batcheadaftgr lo
After batch choice, the single spectra can be selectfélen- Select Spectia The names consist
of the batch name (e.g. I3) and the corresponding parameter (e.g. 10 min sputter@ids 10.
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Peak name US Data File: nifit_2023_User_Files\examples\XPS\sulphur_study\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: 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
Comment; ******=* Version 2023
6700 [ T I T I T 'I T I T I T I T I T I T I T [ T ]
C1s
Survey
53.60 |~ —
| O1s i
@ 40.20 [ —
Q
3
= L d
‘@
3
E 26.80 [ N 1s —
S Pty A g A AT “—L'N S 2p
| S2s i
13.40 - —
OO s Kl el i S Il i S Sl st sl Bl il o i st st st Sl mllentiralisiion
960 870 780 690 600 510 420 330 240 150 60 -30
Binding Energy / eV
450 [ T I T I T I T I T I T ' T —]
Survey
3.70 [~ = Version 2023
| -S- . Peak name
S2p
@ Data File:
g 2.90 i~ . udy\example tap
-_ Excitation Energy:
> - - 1486.6
‘» Start-/End Energy:
S 210 | 156.6; 176.5 eV
= < Analyzer Mode:
- c20eV
- 1 Dwell Time:
18
130 -] Points:
S6+ 200
—— Accumulations:
B T 3
Step Width:
0.50 = 1 | 1 | 1 | 1 | 1 | L | 1 = 0.1ev
Charge Shift:
176 173 170 167 164 161 158 155 140ev
Binding Energy / eV Lens Mode:
1 I " [ A 4 Comment:
-
|_-|_J, L— - = = — — ek Date:
o 29.04.1998 08:55:30
-1 ' y \ of
Fit Parameters Doublet/Convolution/Relative
Doublet Fix Peak height Fix Gauss Fix Energy Fix Lorentzian Fix Asym. FWHM  abs. Area rel. Area
il 0 3050.2 0 1.579 0 164.0822 0O 0.50294 1 0 1.866 6647 0.552
112 1 0.5 1 1 1 1.2 1 1 1 0 1.866 3324 0.2761
2n 0 0.14145 1 1 0 4.2411 0 2.93084 1 0 2511 1383 0.1148 Chi#* = 1.114
2/2 1 0.5 1 1 1 1.2 1 1 1 0 251 687 0.0571 Chiz=194.9
Fit Background: a= 587.1066 b=-0.4407 ¢= 0.011 d=0e=0.0003B=0C=1643C'=1D=0T0=0 Abbe = 0.799
Fig. 10. Plot produced by UNIFIT, project:

Unifit_2023_User_Files\examples\XPS\sulphur_study.ufp, spectrometer: VG ESCAS3,
top: survey spectrum with acquisition parameters, bottom: fitted spectrum with sum
curve, components, residual, acquisition parameters and fit parameters
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3.2.26 Original/Accept PreferencesActive Window

W This option allows to undo all pcessingstepsand to redisplay one region in its original
/\_| form. The corresponding file will be 4eaded. Therefore, do not remove the disk with the
experimental data! WitfFile i OriginaAccept Preferences Active Windbmdividual preferences

of the wndow are deleted and the current preference of the programme will be |édded.
[OriginaAccept Preferences Active Windbweletes also the preference of the peak fit of loaded
projects. The active window accepts the currerdgfguences of the programme. The charge
correctionof the activated window (selected with [ModifyCharge Correctioictive Window]) is

not changedAlso, the charge correction valid for all windewselected witljBatch Processing
Charge Correction all Windows]) is not changed.

3.2.27 Exit...

N The programme can be closed using the menu function -[Eié..]. The preference
ZN| (except for thechargecorrection) will be saved @omatically (Path of the pesettingfile:
Document®Jnifit_2023 User_File¥presettingpresetting.set)

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

3.3.1 Undo

‘O [Modify - Undd allows the user to take badne hundred processing step This callis

activefor all window typs. Not supported are: i) Wagn@&lot operations, ii) operations at the
estimation of transmission functions, iii) windows operations (closeadas), batciprocessings
operations.

3.3.2 Programme-Iinternal Copying

o A spectrum including all data can be copied even after several modifications and/or peak
= fitting with [Modify i Programmdnternal Copying] and pasted into UNIFITonly. The

expo r t of the i mage of the activai PasttWindowmd o w
function to other programmes can be done with [Fi@opylmageActve Window(600 dpi) (see

3.2.16 or the eauovalent pegp operation

3.3.3 Programme-Internal Insertion

rA.! This option reloads aspectrum, whicthas been saved by tippogrammeinternal copying
=l routine into UNIFIT only. A new window is opened automatically.

Note: A simultaneous usage of theftseare UNIFIT 2023 is possible.One user can execute the
software ten times. The functiongModify © Programmdnternal Copying] and [Modify i
Programmadnternal Inserion] can also be used to transfer the spectrum and processing data of a
standard windovirom one activated UNIFIT programme toagher activated UNIFIT programme.

3.3.4 Charge Correction Active Window...

ﬁ This option displays a dialog box, which allows the axis of the active window to be
A. shifted by any Ve in order to compensate for sample charging effects etaonducting
sampl es. Di spl ayed i s Achtei vseu nWi onfd oow@h gorl gues @oC
Wi ndows 0.
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Note: For shifting energy scales in alf electedvindowsuse the menu [BatdProcessing Charge
Correction all Windows] (see3.5.10r 3.5.2.

a x
0 W 1200115000 UNIFIT
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Fig. 11. Screen shot: Test08-test spectrum with constant, linear, Shirley and Tougaard
background, project: Unifit_2023_User_Files\examples\Backgrounds.ufp

3.3.5 Correction with IERF: ESCALAB220_MONO_LAXL_50EP.trm

' This menu allows the correction of the speotih the currently loaded transmission
L function (IERF). The loaded IERF is displayed simultaneously (example:
ESCALB220_MONO_LAXL_50EP.trm, Spectrometaurce_Lense mode_Pass energy).

3.3.6 Calculate Background

This submenu performs background subtraction in five different ways before starting the
A peak fit routine. Asixth possibility of baseline treatmenthe inclusion of the background
function in the iterative pealt procedure- is described in0. If the background was already
subtracted once andpdify - Calculate Background] is selected again, the previously calculated
background is added to the spectra automatically.

The background can be calculafeaim thestarpointto theendpoint of the region. The number of
points to averagever to obtain the stgtint and endpoint for the background is defined in
[Preferences Points to Averagednd can behangedlirectly with ' Points to Average

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

The calculated background can either be displayed addifidoathe spectrum with th:  Plot

button or subtracted from the experimental data without any difference for further
processing steps. The saienu can be closeslith | Cancel | keeping the spectrum unchanged. The
peak area displayed in the dialogue box dfterc k gr ound cal cul ati on is gi
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of the option selected in [Preferenée¥-Axis]. The opt i on O-Quact Ryt Mouseo r

B u t tselectsthe background for the rigimhouse button operation8y activating the option
60Set Al hg: St d. Windowsd the background subtre
windows without using the batgirocessing procedure.

3.3.6.1Constant

The constant background subtracted from the displayed region is equal to thiéyim¢Eg)s(high
energy side marker (XRPSee Figl11) or low photorrenergy sidé(E1) (XAS).

N

ERahmEARNX OBIARN ELAQ ARACDALELSESEE/A % FITRAITMARFTI ED HEHEHER
<@ SIE e | < ==
610.00 570.00
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Backgound Subtraction without

492.00 Spectrum after 454,00
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Satellite Correction
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[
[
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1 Cancel
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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_ 2023 User_Files\examples\Satellite_subtraction.ufp

3.3.6.2Linear

This functon calculates a linear baseline between gtémt and endpoint of the spectrum (see Fig.

11). Select Subtract | or| Plot | to accept the baseline or click {_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@he baseline cabere-calculated with  New . Additionally, an iterative
procedure can be applied to the Shirley contribution | Iteration |,

Note: The Shirley background should rm appliedto signals with intrinsic asymmetry and canmnot
be used for survey spectra.
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3.3.6.4Tougaard

A Tougaard background will be calculated in the defined range or between the start and end points
of the experimental spectrum. To adjust the background on the spectriBrp#rameter can be
changed automatically. For the first cdftion the parameters agiven by:C = 1643 (eVj, C &=

+1,D = 0 (eVY, To = 0 eV. After changingB, C, C 9D or To the background function will be
calculated and displayed wil Preview (see Fig.11), while B is shown inthe dialogue box. By
changing the parameters with the up and dawentrols, the new background is displayed
automatically. The step width is 10 for tBeCandD parameters and 0.1 for tkk parameterThe
gapenergy parameter is definelo O The ceated inelastic electron scattering cresstion

E) KKE,T) can be saved and loadgdcro). The inelastic electron scattering cr@sstion can be

plotted using menu poi&7.16

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

3.3.6.5Polynomial+Shirley

This menu item produces the background asira ef 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 pardméteis ,6

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

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

3.3.7 Subtract Background

N In case the baseline has only been displayed in thensualo [Galculate Background], it can
A be subtracted from the experimental spectrum at any time.

3.3.8 Subtract Satellite

This menu item allows removing -Ky satellites from spectra produced by +ion
AA monochromatic AlK or MgKa sources if theexperimental spectrum contains the
corresponding primary signal. Energy differences and intensities of the satellites can be edited and
changed by the user with [Preferenteatellitd allowing the definition of five diffeent parameter
sets for both excitation sources. The correct subtraction is only possible if the primary peak is
included in the measured spectra. A rough background correction must be performed before the
satellites can be subtracted as follows:
Method 1(with Shirley background):

1. Open and display experimental data and activate the window,

2. Select [Modify- Subtract Satellite...] anclick[_ 0K .
Method 2 (with individual background):

1. Open and display experimental data and activate the window,

2. Select [Modify- Subtract Satellite] and clid__ 0k | (see Fig12),

3. Select [Modify- Calculate Background Shirley] (the background subtracted in 2. will be
re-added and can be-defined,
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4. Click for subtraction of excitation satelltend Shirley background (see Fig,
bottom right) ori in preparation of an iterative calculation of the background function
during the peak fit Cancel | for subtraction of the satellite only.

3.3.9 Reduction

—4+| This item allows the reduction of the endiggve numberange of the current display. The
reduction limitsmust have been previously defined by range marker3(¥e&teps:

Load and display the spectrum,

activate a window for spectrum processing,

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

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

5. If the two rangemarker lines aralisplayed,then the lines can be shifted by pressing and
moving the left mouse button.

6. With [Modify i Reduction]orthe popu p menu f un c tthespecud Ram tbeu Cc t |
reduced.

With the popup operatiod Re mo v e R e d the reduatiormatkéstinescan be removed.
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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_2023_User_Files\examples\Derivatives.ufp

3.3.10 Expansion

ﬁ This option can be used to undo spectrum reductiont@mdstore thgrevious spectrum
display.
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3.3.11 Differentiation

[Modify - Differentiation] performs a differentiatio(see Fig.13). Define the number of

points to differentiate over in [PreferencesPointsto Average] or with the direct call
Points to Average . The point number of the averagipgocedure (se6) is displayed andhould be
0.7 times the number of points measured in the range oHWeIM. In order to realize a
quantification of AESspectra using the ped&-oeak values, the value MaMin are generatd and
available in the quantification routin8y acti vating the option
differentiation can be used for all standard windows without using the-pedchssing procedure.

6Set |

Example5: FWHM Peak: 1.0 ¥ 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)

CaatmSARX HBFAXN ERXO ARACOALALCCRECEAA % MITAMARIFEIN IET HESXMEX
Y s

350

Norm. to Maximum activated!

Intensity / cps

Points to Average = 5 Points to Average
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Factor= 1/ 449,230633 = 0.002227171
40 - :
g .
113 110 107 104 101 o [ Setting: All Std. Windows ) 98 95 92 89 86 83
Binding En¢  Option 3inding Energy / eV
o 70 ! Norm. to Fixed Value > Norm. to I(E) of the Windows =
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386
2 OK Cancel
S
=
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< <
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Fig. 14. Screen shot: Dialogue for the normalization of spectra

3.3.12 Integration

[Modify - Integration] performs an integral spectrdram the right side to the lefXPS,
K increasing binding energy) and from the left side to the right (XAS, increasing photon
energy). This menu point is important for the analysis of XMCD spectra.

3.3.13 Mirror on X-Axis

k~—] To display the negative second derivative o$pectrum, it can be useful to mirror the
m processed spectrum at the abscissa Kgpd3). Sharp maxima result where the
experimental spectra has peaks or shoulders allowing a separation/identification ohe¢regdse
even in the case of small separation between the components.

3.3.14 Smoothing
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The menu option [Modify Smoothing] allows to improve the sigratnoise ratio
% mathematically. Define the points to smooth over in [Preferen¢&sints of Averagepr
with the direct call Points to Average . The numbe of points should be 0.7 times the number of
points measured in the rangeFMWHM (see3.7.6.

3.3.15 Spike Correction

“'i In order to remove spikes from a spectrum click [Modifypike Correction]. A tick ap@es

in the menu bar and tlraouse function is switched to a correction mode. A left mouse key
click at a position on the display will set a data point at that position deleting the original one. The
procedure can be switched off by clicking [Modif{spike Correction] again. The tick disappears
and the mouse returns to the normal mddecase of a large number of spectra vdfhkes,the

menu point3.5.4should be used. If a spike correction was carried out theadeng of tke original

data in the batch processing is deactivated.

3.3.16 Spectrum Manipulation

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

3.3.16.1 Energy Shift

Displays a dialogue box which allows to shift the spectrum within the existing energy range keeping
- in contrast to Modify - Charge Correctiorvtive Windowe ] - the energetic scals unchanged.
The programme adds 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 energy shif or the intesity ccorrection may be usedt the batckprocessing
procedure.

3.3.17 Spectrum Operation

W Spectrum operationsan be appliedirstly only on two spectraf the samewnumber of data
< \_| pointsand the samstep width. The active window and a second selected one are involved.
The result will be displayed in the second winddwater batch processing is possible.

3.3.17.1 Addition

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

3.3.17.2 Subtraction

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

3.3.17.3 Multiplication

This item supplies the product of twpectra

3.3.17.4 Division
This point produces the quotient of two spectra
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Note: Only the addition, subtraction, multiplicatiom division of spectra may be used at the batch
processing pragiure.

3.3.18 Normalization

N This subprogramme gives the user the ability to normalize spectra from the active
Z\ | window to (see Figl4):
1. 6 Nor mixedVYam& F
2. 6Nor mheValuedd(E)of t he Wi ndows?©d
3. 60Nor maximu M
4. 6 No r mlinimtunad
Wi th the opAliSwnwi @& 8 ethdasnomglization cate used for all other open
standard windowd. f t he optionl GBRpronf t he Wi Bahdlvabids i s ac
can be defined by thmouse pointer and pressing the left mouse buftbal-value is transferred to
the edit f i el dvaldefanddcbangedmathually,f00. T h e
For normalizatio of 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 the normalizazion procedure for all standard windows.
For thecalculation of the normalization factor a defined number of average points (excluded the

opti @omm. 6No Fixed Valued) can be used. The nunm
changed directly with the ce Points to Average
3.4 Peak Fit

The extensive pedlit routine is the most importamgart of UNIFIT. The peak fit is carried out
iteratively by a nodinear parameter optimizatioaccording toMarquardtand LevenbergThis
procedure converges fast when suitable start paresraete used. However, the fit does not find the
absolute minimum in some cases.
The fit parameters of aximal 30 singlet peak¢see3.10.3 or doubletpeaks(i.e. 60 peaks) can be
optimized Five different options can be comlgd in several ways:
1. Background correctiobefore or during the fit operation (s88.6and0),
2. peak model shape as produstimor convolution of Gaussian and Lorentziamctions (to
be selected in [Preferenciesit Procedurpsee3.10.26,
3. use of absolute or relative fit paramstéio be selected in [Preferenced-it Parameters]
(see3.10.27,
4. calculation with singlepeaksor doublet signalésee3.4.7),
5. calculation ofa separatéackground for every pedk component(Tougaard background
for inhomogeneous samples ($£0.29)
The start parameters can be defined through keyboard, mouse or parameter files. Five parameters
can be fixed ovariedoptionaly inside ranges given in Min/Max vas(see3.4.4).
In case of aproduct (see alsoDocument®Jnifit_2023_User_Filetest spectidestO8Shirley
Productfn2PeaksShirleybgufp 1 Document®nifit_2023_User_Filetest sgctraTest12Pib-
Productfrn3PeaksShirleybg_Resultifp) or a sum function (see also
Document®nifit_2023_User_File¥estspectralestl5Sumfnd4Peakd.inearbgufp and
Document®Jnifit_2023_User_Fileest spectdest15Sumfn4Peakd.inearbg_Resulufp) the fit
parameters are:
1. Intensity Unitscountsandcps,
2. GaussLorentzianmixing ratio: 0...1, 0 5pureGaussian, 1 purelLorentzian
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3. FWHM: XPS: Kinetic or binding energy(eV), AES: kinetic energy (eV), XAS: hpton
energy (eV) RAMAN: wave number (cri),
4. Peak positionXPS binding or kinetic energy (eVAES: kinetic energy (eV))XAS: photon
energy:(eV), RAMAN: wave number (cri),
5. Asymmety: -1...1,at the low kinetic energfRAMAN: wave numberkide the value of the
asymmetry parameter will be negative.
The default par amet e\nifis 2083 Uses Fiketwmettiegsp airm s&D dlc yre
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
energy(eV), RAMAN: wave number (cri),
4. Lorentzianwidth: XPS: knetic or binding energy(eV), AES: kinetic energy (eV), XAS:
photon energy (eV), RAMAN: wave mber (cm1l),
5. Asymmetry 0...1,at the low kinetic energyRAMAN: wave numberkide gives a positive
asymmetry parameter while negative asymmetry is not defined for convolution.
Additionally, theFWHM of the components (not availabhnalytically) is calculated and displayed.
The default par amet e\nifis 2083 User Fikessettiogiparase. p ®o ¢ u m
The fit parametersan be saved, printedopied as imagand edited. The backgund data will be
saved together with the other parameters if the baseline is determined iteratively during the fif
procedureAll the peak parameters may be varied completely free, varied within a chosen interval
or fixed at certain values. The fit paraerelimits are not valid for themallerdoublet components.
The parametersnay be determined independently on absolute scales or they may be treated a:
relative parameterswhich are relatedo the leading peak of a doublet model peak or to the
corresponding mastepeak. The first peak is always a master pe#k.case of absolute fit
parametersa definition of slave peaks is npbssible(al mainpeaks are master peak§he colour
code of he fitparameter inputlialogueis:
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/Showfit parameter
MPCm = masterpeak componentn, absolute parameter vaklecomponent 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 npastes, 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, altsalalues
DPCn = doubletpeak (peak 2) of the doublet absolute value
(doublet n includes both peaksgan peak peakl) and doublet peak (peak) 2)
v = variable (empty)
f = fixed (tick)
r = relatively fixed (grey with tick, only applicabfer the 2. pak of the doublet beginning with
the 2. doublet, preferences: relative parameter)
1. Single peaks absolute parameters
Parameter (without peak position/eV): Fixing f
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Mastermpeak component 1:
Masterpeak component n:
ParametePeak position/eV:
Masterpeak component 1:
Masterpeak component n:

2. Doublets absolute parameters

IFP=MPC1
IFP=MPCn

IFP=MPC1
IFP=MPCn

Parameter (without peak position/eV):

absolute
absolute

absolute
absolute

Fixing f

Masteymainpeak component 1:

Doublet component 1:

Masteymainpeak component n:

Doublet component n:
ParametePeak position/eV:

Masteymainpeak component 1:

Doublet component 1:
Masteymaincomponent n:
Doublet component n:

IFP=MMPC1
IFP=DPC1
IFP=MMPCn
IFP= DPCn

IFP=MMPC1
IFP=DPC1
IFP=MMPCn
IFP=DPCn

3. Singld peaks relative parameters
Parameter (without peak position/eV):

absolute
relative toMMPC1
absolute
relative toMMPCn

absolute
relative toMMPC1
absolute
relaive toMMPCn

Fixing f

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

4. Doubles, relative parameters

IFP=MPK1
IFP=MPCn

IFP = SPCn/MPCm

IFP=MPC1
IFP=MPCn

IFP=SPCni MPCm

Parameter (without peak position/eV):

absolute
absolute
relative toMPCm

absolute
absolute
relative toMPCm

Fixing f

Masteymainpeak component 1:

Doublet component 1:

Masteymain peakcomponent:

Doublet componermt:
Slavédmaincomponent n:
Doublet component n:

Doublet compoant n(n > 1)
Parametepeak position/eV:

Masteymainpeak component 1:

Doublet component 1:

Masteymainpeak component:

Doublet @mponent:

Slavédmainpeak component n:

Doublet component n:

Doublet component n:

IFP=MMPC1

IFP = DPC1/MMPC1

IFP=MMPCn

IFP = DPCWMMPCn
IFP = SMPCn/MMPCm
IFP = DPCn/SMPCn/MMPCm

IFP = DPCn/MMPCn

IFP=MMPC1

IFP=DPC11 MMPC1

IFP=MMPCn

IFP=DPCni MMPCn
IFP=SMPCnT MMPCm
IFP=DPCn - SMPCn - MMPCm

IFP=DPCn - MMPCn

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:

absolute

relative toMMPC1
absolute

relative toMMPCn
relative toMMPCm

rel. to SMPCn/MMPCm
Fixing r

abs to DPCm/MMPCm

absolute

relative toMMPC1
absolute

relative toMMPCn
relative toMMPCm

rel. to SMPCn - MMPCm
Fixing r

absto DPCm- MMPCm

Min/Max (relative) = Min/Max (absoluté) peak position (absolute)
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The advantages and disadvantages of the different fit procedures are listed 5n Fadpee 15 and
16 show the sametfparameter values using relative (F1&) and absolute (Fidl6) fit parameters
of a fit of S 2p. Possible sources of errors of aoptimal fit are show in table6.

3.4.1 Manual Input of Start Parameters

=3 | This procedure allows the input of start parameters by keyboard or mouse. After selecting the

number of peaks, fit parameter limits and start parameters will be defined in sepadeste ta
(see Figs15and16). Depending on the preferences, the parameters can be fixed in different ways.
The previously applied procedure for peak shape mbdg (product, sum or convolution) is
displayed in the title labelling of the dialogue box. The previously applied mode for parameter input
(singlet peaks or doublgtss opened starting the procedure by the icon. The intensities akd pea
positions of the second component of the doublet are inserted automatically by using the correc
peak name (region name saved in the measurement file, also displayed in the title bar of th
windows). The values for the doublets are saved in URBDE3 User_filedsetting$Doublet.dda
(see3.7.1). With the buttons -AP | and! AP+ | the number of the activated pedik componentcan

be decreasedr increased stepwise. The buttc -DS  and | DS+ | change the dialogue siz€he
number of peakit compnenets can be decreasedincreasd with the buttons -PN and PN+ | If

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

Tab. 5. Advantages and disadvantages of different fit procedures
Option Advantages Disadvantages Application
Background: Low number of fit Lorentzian function |Simple analytical

Subtractiorbefore
starting the peak fit

parameters, simple fi
handling, fast

cannotbe described
accurately dring the

problems, signals wit
low Lorentzian

convergence peak fit contribution
Background: Better description of | Six additional Spectra with high
Iterative calculation |the Lorentzian parameters, energetic resolution

during the fit routine

function,

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

handling of the fit
routine is more
complex

and high Lorentzian
contribution,

peaks in the region of
inelastic scattered
secondary electrons

Peak modelling:
Praductor 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 iINFWHM

Peak modelling:
Convolution of
Gaussian and

Adequate description
of core level peak

shape, determination

No value forlFWHM,
slow iteration

Synchrotron radiation
excited spectra,
spectra of high
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Lorentzianfunctions,
(see Figl7)

of basic parameters
(Gaussia and
Lorentzian width)

energetic resolution,
peaks of transition
metals, interest in
basic parameters

Fit parameters:
Absolute

Paraméer values

immediately available
Simple start paramets

input

Only couplingof
parametersf the 2.
peak for a doublas
possible

Simple analytical
problems

Fit parameters:

Allows coupling of

Input of start

Known behaviour of

Relative parameters in diffent| parameters more peak parameters (e.g
ways complex constant energetic

distance in serial
experiments)

Peak mode: Simple parameter Unsuited for coupled | s-lines,one

Single peaks input pairs of lines component of
significantly separate
doublets

Peak mode: Coupling of peaks | Handling more Doublet structures of

Doublet peaks possible complex p-, &, f-lines
Tab. 6. Possible sources of errors for non-optimal peak fit results

Findings Reason Line of action Example
Correspondence System sticks ina | Disturb the system b| Doubling of intensity

between experiment
spectra and calculatg
sum curve
unsatisfyingeven
after several iteratior]

local minimum

varying start
parameters
sufficiently strong

of each component

Convergence
incomplete

Min/Max valuegoo
close to the fit
parameters

Select larger
Min/Max range

Increase Max value
for Lorentzian width
from2to 2.5

Mismatch between
flanks of
experimental spectra

Seleced peak shape
doesndt di
experimental functiol

Select [Fit Procedure
i Convolution]

3d and 4fsignals of
transition metals with
high resolution

and calculated sum |accurately (comparable

curve contribution of
Gaussian and
Lorentzian function)

Mismatch between |Inadequate Fit baseline together| Signals with strong

experimental spectrs
and calculated sum
curve in the region o
peak tails

Background
subtraction before
starting peak fit

with the peak

Lorentzian
contribution

No change in one
parameteralthough it
is not fixed

Min/Max values
prevent change, the
parameter has
reached the limit

Change the fit
parameter limits
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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_ 2023 _User_Files\examples\XPS\S2p_convolution_rel.ufp
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Fig. 16. Example of absolute start parameters of two S 2p doublets and their Min/Max values,
parameters correspond to the relative values in Fig. 15, Fit procedure: convolution,
project: Documents\Unifit_2023_User_Files\examples\XPS\S2p_convolution_abs.ufp




96 Programme Handling

3.4.1.1Singlet Peaks

Usesubme nu O0Si rogltet fReaksndependent , 19)Mls,&2sp.) ed si
(see also TestOdfp i TesD3.ufp, directory: Documentdnifit 2023 _User_Filégest spectra Act
as follows:
1. Select [Peak Fitt Manual Input of Start Parameteis Singlet Peaksjor the popup
command [Peak Fit Input Parameters Singlet Peaks]
2. definethe number of components in the next dialogue box and[__ 0K |,
3. accept or changdin/Max-valuesin the table 'Min/Max Fit Parameters Peak' (8et4),
choosd__OK | or leave the procedure wi Cancel |,
4. definet he start parameter Peiak . BAHbyt alelee OFi t Pe
a) entering the values with the keyboard,
INote: Move betweerthefields with theleft mousebuttonor the Tab-key,
b) pressing ARY, ALT-Z or left mouse butin to copy the position of the mouse pointer
from the display into energy and intensity start parameters. Hold the Shift key and press
the left mouse button for switching to the next component without ahgrihe
parametersr use the buttor -AP | and| AP+
5. Seta in the OFi x0d6 boxes if required. Switc
effects:
a) absolute parametersfixing the parameter completely,
b) relative parameters keepsi starting with peak two- the values relative to the
corresponding parametef the first peakor the relevant master peakchanged, e.g.
energy shift or ratio between the other parameters will stay constant.

Note: The fit procedure (product, sum or convolution) as well as the chosen fit
parameters (absolute or relativake displayed in the title bar of the fjparameter table
S et 6by clicking the left mouse button when the pointer is above the box or by
pressing the space bar.

6. | Print |or| Save the parameters if desired, accept the parameter{ OK |
7. start peak fit with [Pealkit T Iteration],
8. define the number of iterations and iteratiyules and confirm witl__ 0K |,

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

wmf, bmp, etc.).

3.4.1.2Doublet Peaks

Usesubme nu O [Peaksb Itea f i t c o @mAudfdGaddjeitgs (e. g. S
Act as follows:
1. Select [Peak Fit Manual Input of Start Parameters Doublet Peaksjor the popup
command [Peak Fit Input Parameters Doublet Peaks]
2. Define the number of doublets in the upcoming dialogue box andl__OK | accept or
change the Min/Maxaluesi n t abl e OMi nf MaPo &bBejPdicka me & e
[ ok orleave the procedure wi_Cancel |

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

3. Define the start parameter s 3d4dhbyt able 6Fit P
a) entering the values with the keyboard
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Note: Move between the fields with the left mouse button or thekigb Make sure the
peak names are correct.

b) or pressing AKY, ALT-Z or left mouse button to copy the position of the mouse pointe
from the display into energy and intensity 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 carhpbrsedoublet
automatically. Hold the 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. The fit procedure (product, sum or convolution) as well as the chose
fit parameters (absolute or relative) is displayed in the title bar of tparBiméer table.

4. Set @ni d® the OFi x06 b ofxsedsublét peaksif desred pSwitclsinge t e
on the OFi x6 opeffectsriseetFald): t he f ol | owi ng

a) absoluteparameters fixing the parameter copietely,

b) relative parameters: keepsi starting with doublet two the values relative to the
corresponding parameter of the first douldethe relevant master peakchanged, e.qg.
energy shift or ratio between the other parameters will stay constant.

5. Setan 66 in the OFi x06 bseceng sloulfieb peakdn &eem arvertstant s
shift or ratio to the corresponding parameter of the first peak of the same dabkldtfe

and relative parametery.

6. Set a grey square i n tdewmndddubletgeakd stactiagwitht o r
doublet two- to adopt the relations calculated for the first doublet during the iteration e.qg.
energy shift and ratio of the other parametabs¢lute and relative parameterg

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

7. | Print |or| save [the parameters if desired, accept the parameter{ OK |
8. Start peak fit with [Peak Fit Iteration],
9. define the number of iterations and iteration cycles and comfitm_ 0K |,
An image of the fiparameter table is copied in the clipboard with the | Copy . The call
Export |realizes an image export using a standard format (jpg, gif, wmf, bmp, etc.) (s&8) Fig.

3.4.2 Input Start Parameters Using Data Bank

I 0| This menu point permits the input of the start parameters via the datafoeivémical shifts

EES integrated in UNIFT. In case of using this method for setting the start parameters the
charging at all peaks have to be corrected.&oertainfinding of the reference element lines the
names of the regions have to be correct (e.g. S 2p, C 1s, Ag 3d5, etc.).

The number otomponentsioes 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 inserted into the window presentaiiofe deleted or
changed withAnnotation/Designi Spectrum Labellind].

3.4.2.1Singlet Peaks

After selecting this menu point, the list of available lines isnede 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 opetfed.file of
adequate chemical shifts is not available or the@regame is incorrect an error message is shown.
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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_2023_User_Files\examples\XPS\Comparison_product_convolution.ufp

3.4.2.2Doublet Peaks

This menu point works in the same way as the menu Baki2.1but according to the values of the
file Doublet. dda (see booikVersidn20235.5Rwodines willkoes and
generated.

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

S2p Counts eV eV eV Counts-eV %

-5- 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 T6PGosppye functio
integrated into this document

Example6: The measuremehtnifit_2023 User_Filedexample$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 aproduct model functigrabsoluteparametersand the background for
homogeneous samples

- the intensity ratio of the 2 doublet lines is fixed to 1:2,

- the peak separation is fixed t®%V.
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Start UNIFIT,

select [Preferencesk Fit Procedurei Product], ticked,

select [Prefeences Fit ParametersXAS Background Parametergabsolute] ticked

select [Preferencek Tougaard Background CalculatiGghHomogeneous Sample], ticked,

select [Preferencek Y-Axisi Counts] and [Preferenceis X-Axisi XPS:Binding Energg ],

select [Windows- Hide Standard WindowsShow all Standard Windows],

be sure that the number of maximal péakomponents is lager than two with the call:

[Preference§ Set ti ng of Programme Parameterseél]

5. load the measurement datath [File - OpenSpectra XPS- ESCAZ*.TAP)], selectdirectory
Unifit_2023 User_Filesexample$XPSsulphur_studyandopenexampletap and read the file
with[ oK |

6. i n aSel ect C3sapdcp (wihothe seft horise buttgn) s el ect o611 nt
Na me sReakbame 6wi t houtandres. 0K | on d

7. activate the s window, estimate the maximum of the C 1s peak with [Information
Minimum/Maximum],

8. calculate the charge correctiddifference to 285.0 eV, e.giaximum at 284 eV, chaging:
1.7 eV),

9. subtract the charging from all opened windows with [Batch Proce$s@igarge Correction all
Windows], input 1.7 eV, pre[__0K |, all spectra will be shiftetly 1.7 eV,

10. activate and maximize the2p window,

11.subtract the satellite th [Modifyi Subtract Satellite], pred__0K |, the satellite will be
subtracted from the S 2p spectrum,

12.subtract a Tougaard background from the spectrum with [Mad@alculate Background
Tougaard] activate 'Adjust BParameterand [ Subtract | (spectrum is nowarrected for
satellite and background),

13.select [PealEit T Manual Input of Start ParametersDoublet Peaklsor select the pojup
command [Peak Fit Input Parameters Doublet Peaks]i nput &6 Doubl et N
[ ok |

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

15.accept the given values by press__0K |,

16.t he parameter table aFit Parameter Doub
move the mougeointer to themaximum of thérst doublet (E = 164 eV, | = 1058tbunts) and
press the left mouse button, move the mouse pointer to the second maximum (E = 168 e
| = 1555counts) and press treamemouse button, (I and E values of both doublet peaks ar|
written autanatically in the table), fix the same values as shown inlRigpress Preview |
your fit should have the same appearance asFgbottomleft, compare with the right table

17.accept valuesyppressind 0K |,

18.the dialogue 'Input Number of Iterations' will be openeldpose the number of iteration steps
= 22 and the number of cycles2 and start the iteration processth[ 0ok |,

19.the optimization is running, when the system has stopped ysult sbould be like Fidl9, top

left.

> o

N u mkt

et |

¢

3.4.3 Load Start Parameters

Fit parameters saved before with extension *.par can be loaded by [Pédlo&d Start
ﬁ Parameters]. The parameters argedain the same format independent of the sele

cted

preferences. However, loading them again, current preferences for fit parameters and fit procedur

will be taken into account and the parametgese-calculated accordinglyAn examplds given in
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thebmk OLiI ne

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 pammeter file in the dialogue box and confirm w__ 0K |,
3. Changel/accept Min/Max values and confirm or leave the dialogue box

without
changes witl Cancel |

4. Changelaccept start parameters and fixiegnfirm with[ 0K |

5. Select [Peak Fit Iteration],

Define the nurber of iterations and confirm wil_©K |7 then the fit will be started.

Posi ti g#3 Tha pachmdiesstofahe Bpeatrahbatkgréund fitted

Note: [Batch Processing Batch Processirjgcan be used for copy of fit parameters between

windows as well. The number of peaks can be changed after loading a parameter set by selecting
[Peak Fiti Manual Input of ParameteisSinglet Peaks/Doublets] and defining the number in|the
dialogue box.
“. N
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Fig. 19. Screen shot: Dialogue for the fit parameters of an S 2p peak with two doublets, product
iteration with start
parameters, top left: fitted spectrum, right: fit-parameter table with start parameters,
project: Unifit_2023 User_Files\examples\XPS\S2p_product_start_parameter.ufp

3.4.4

+—

parameter for the peaik question. They will besaved additionally to the fiparametersA

fitting procedure and absolute parameters, bottom left:

Show/Correct Fit Parameter Limits

The limits of all singlet orthe first doublet peaks may be changed selectiepkFit -

start

Show/Correct FitParameter Limits]jor the popup command [Peak Fit Show Parameter
Limits]. A dialogue box appears which allows defining the minimum and maximum values for a
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predefined energy range of the peak positions of allitakmponents can be activated using two
buttons: -0.2 E0+0.2 |and| -0.4 E0 +0.4 |

Act as follows
1. Select [Peak Fit Show/Correct Fit Parameter Lirsjt

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

3.4.5 Show/Correct Fit Parameters

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

=| Shov Parametersh dialogue box appears which allows to edit and to change the start
parameters for the fit procedure and the relation between them. The parameters can bs saved
absolute values wit. Save | printed with| Print  or accepted for peak fitting wif__ 0K |,

Preview | will show the result of the manually corrected peaks. This option is a special feature to test
the changed parameteidlith the buttons -AP | and | AP+ .the active pealfit component can be
changedThe numberof peakfit compnenets can be decreased or increase with the bl -PN s
and PN+ | The buttons -DS  and| DS+ | change the dialogue size.

&Y
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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_ 2023 User_Files\examples\Specials\Universal_cross_section.ufp

In case of relative fit parameters the comma Masterpeak | and Slavepeak  define the active peak

fit component. The fit parameters of a master peak are absolute. The fit parameters of the slay
peaks are defined always relative to the correspomding maste(tipeaorresponding master peak

is the master peak with the highest number, but lower than the number of the slave peak, e.g. pe:
fit with five components: 1. component. master peak, component 1: slave peak, relative to the
component 1, component 2: slapeak, relative to the component 1, component 4. master peak,
component 5: slave peak, relative to the component 4). Test projects are saved:

Unifit_2023 User_FileYest spectidest37.ufp Test43.ufp
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Copy and| Export | generate an image of the-fiarameter table Cancel closes the dialogue
box without accepting changes. The preferences for the fit parameters can be changed and saved as
special files (Unifit2023 User_Filessetting§parasetl.par for the product and sum function or
Unifit_2023 User_Filessetting§parase2.par for convolution) using th( Save  button, too.
Additionally, the absolute and relative peak areas are given when a previous peak fit was performed.
Act as follows:
1. Select [Peak Fit Show/Correct Fit Parameterst the popup command [Peak Fit Show
Parameers].
2. Change/accept start parameters and fixingbnfirm with or leave the dialogue
box without accepting the changes w Cancel |
3. Select [Peak Fit Iteration]or the popup command [Peak Fit Iteratian]
4. Define the number of iterations and confirm which starts the fit,
5. Edit/change the parameters after the fit procedure directly  Show Fit Parameters or
by using [Peak Fit Show/Correct Fit Parameters] again.

3.4.6 Fit Background

Thesubroutinackﬁ@rimunajé can be uvcomdidion that Ing unde
background subtraction 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 simultaneouslyewith th
peak fit has to be defined before input of other gd#agarameters (se8.4.]). The background
function is described by a combination t#n different contributions (see alsbes04-Voigtfn-
0.3eVLorentzl.7eVGauss+Polynom2:8g Resuliufp and Test05Voigtfn-2Peaks+Polynom2-G
Bg_Resulufp). One background for the complete spectrum is calculated.
The parameters ad define thepolynomial part constant, linear, square and cubictpahe e
parameter defines the part of tBéirley backgroundThe Shirley part 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 @mrametefTo define the inelastic electron scattering
crosssection of the Tougaard background (see daisstl9TougaareBackground 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 parameters of the Cross Section can be saved
with | Save Cross Section Lam-K(T) | and loaded with! Load Cross Section Lam-K(T) || A manual
approach of the parameteB C, C', Dand To may be carry out in the merndi3.6.2 Each
background parameteran be fi xed (tick O6Fix6é6 in the backg
The fitted background wilbe 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 fixedhe
parameter€ = 1643,C' = 1, D = 0 andTo = 0 describe the Universal CreS®ction. Now the user
can edit re-fix the backgroundparametersand calculate and drawhe modified backgroundith

Preview ., | Subtract removes the background from the spectra and the background
settingsfor the peak fit will be accepted. The sidutine is closed without changes by clicking
Cancel |
The advantage of this procedure is shown by comparing the reflidietibn R(E) and thec®* for
the spectrum obtained withnfitted background in Fig2l. Further examples are presented in
3.10.26 and in the files Au_survey fitufp and SiO2_Cross_Section_fit.ufp (folder:
Document®Jnifit_2023_User_FilegexampesXPS).
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Note: If the B-parameter is zero and fixed, then the paramé&lefs 0D and To are automatically
fixed.

3.4.6.2 Fit Background XPS (INHOM)

The difference of this menu point 804.6.1is the calculation of th&ougaardoackground function.

For every peaffit component a separate Tougaard background with different inelastic electron
scattering crossections may be calculated (se&.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 pefikcomponents have to be the same.
The fit parameters of the Tougadrdclground functions can be defined as absolute values or
relative to the first one (s€210.27.

The start approximation for an iterative calculation of the XPS backgimanadlelwith the peak fit

has to be defined before inpoft other peak fit parameters (séd.J). If the peak fit is carried out

with n peakfit components therhe background functiors described by a combination 5%5:n
different contibutions (e.g. n = 4, number of fit parameters of the background = <% also
Test36InhomogeneousSampBPeakswith-2IESCS_Resultifp with n = 2). The parameterB;, G,

C', Di andToi define the inelastic electron scattering crssstiors of the Towaard backgroursd(

= 1 ton). With B; = 0 the part of the Tougaard background can be set to zero independent of the
value of theCi, Ci, Di andToi parameters (sdgg. 22, right).

The parameters of the inelastic electron sgatjecrosssectiors 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 parametman be fixed t i ck OFi x6 i n the backgrou
varied. Theparameters of thigtted background will be saved together with the other fit parameters.
The user can edit and-fig the back groundparametersand calculate and drawhe modified
backgoundwith | Preview . [subtract| removes the background from the spectra and

the preferences for the peak fit will be accepted. Thersutine is closed without changes by
clicking| Cancel |

Note: The processing time of a peak fit witthomogeneou$ ougaardbackgroundunctions [Peak
Fit - FittableBackground XPS (INHOM)] is about twenty times longer with respect to the usage of
the homogeneous Tougaard background [PeakHtitable Background XPS (HOM)]

3.4.6.3 Fit Background XAS

Before the input bthe fit parameters (se&1.2.9 is carried out the fit background XAS has to be
defined (see alsoTest34XAS-4PeaksSumEADbg-Relative_Resulufp). The fit parameters,
absolutely or relatively, correspond to the choice of thparameters of the peak fit. After calling

the menu [Peak fit Fit Background XAS] an input box 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 thevariable or fixed backgrounrfit parameters 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 witha polynomial and the Shirley background. Five fit parameters describe the
background.

The background functions described by a combination of five different contributions. The
parameters - d define thepolynomial part consant, linear, square and cubic part. Bygmrameter
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defines the part of th€hirley backgroundThe Shirley part will be calculated using experimental

data before starting the peak fit procedure and using the calculated sum curve afterwards.

Each backgrowhparametec an be fixed (tick O6Fix6 in the ba
varied. The fitted background will be saved together with the other fit parameters. The programme
will suggest a sta set of parameters: the background parameter for the constant (minimum of the
experimental spectrum) and the Shirley contribution. Afterwards, the user can editfanthee
parameters, recalculate and-dmaw the background with Preview | |Subtract, removes the
backgound from the spectra and wi___OK | the preferences for the peak fit are accepted. The
subroutine is closed without changes by click Cancel |

Example7: The magnetic moment of a tho film (21 mono layers) on BaTi@sing a XMCD
experimentof a CoL-absorption edgénas to be calculated. The sample was excited with left and
right circularly polarized light. The sample wasagnetizedn-plan. The files21MLCoMinus.SX7
and 21MLCoPlus.SXare saved in the folderUnifit_2023 User_FileSExample$XAS\XMCD.
The result of the example with all used windows is saved in UNGFIT project:
Unifit_2023_User_FileSExamplesXAS\XXMCD.ufp.

1. The preferences of the XA® background with [Preferencedrit Parameters/XAS
background parametersReldive], the numberto average points of 5 with [Preference
Points to Averadge labeling of the Xaxis with [PreferencesX-axis- XPS: Binding
EnergyXAS: Photon Energy] labeling of the Yaxis with [Preferences Y-axis- Counts],
number of displayedvi ndows to O6Show al/l St an diderfd Wi n
Standard Windows]

2. Load spectrun2ZlMLCoMinusinto windowsl andspectrum?21MLCoPlusinto window?2 with
[File - Open Spectra XAS- MAXlab ScanZeiss(*.SX7) and the input options

Uy

CT: 3: Data

CT:2: Referege

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 windo with [Modify- Inserf, windowl and window3 include the
spectrun2MLCoMinus.

5. 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 activatBivision by 2' and click__ 0k . Windows3 shows the
averaged spectrum of winddwand window2.

6. Calculake the step heighbf the sum spectrum: Activate wind8wgo to [Peak Fit - Fit

BackgroundXAg, Number of steps 2, Activate 'Single Steps' and cli__0K__|. The menu

Fit background XAS appears with relative background parameterspdraenetersettingis:

- Height Stepl: is not changed, free Step2: 0.5, fixed

S

- E/A-Mix: Step1: 0.5, freg; Step 2: 1, fixed
- Postion: 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 changédtivate 'Adjust a andHeight
Parameters' and pres Preview . Read the step heiglftalue 3.7105) and bick | Cancel |
The menu will be closed.

7. Normalization of spectra:Divide all opened windows by the step height W
[Modify - Spectrum Manipulation Correct Intensity and the fctor 1/3.7105.

ith
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10.

11

12.

13.

14.

15.

16.

17.

18.
19.

20

21.

22.

Subtract a constant bground from each spectm with [Modify - Calculate Background
Constar} and| Subtract |,

Correction with themagnetic field correctianActivate window2 and open the informatio
panelwith [Information - Correction of the Magnetic Fie]d read the value®,997and 1 of
the Minusand Plusspectrum, quotientPlus/Minus= 1/0,997.Activate windowd andchange
the intensity with[Modify - Spectrum Mnipulation- Correct Intensity with the factor
1/1.003 (1.003 =1/0,997. Now, thestepheightis the same=1) of both spectra, Plus an
Minus.

Geneation of the 3D Waterfall 0° PlotCopy windowl and insert thecopied aswindow4.
Activate window2. Calculate the difference spectrum (winddvminus window?2) with
[Modify - SpectrunOperation-Subtraction] . Window4 includes the difference spectrum.
Exchange the window 2 with window 3: Activate window 3[&thdows- Change Window
Number$ and put in window number 2.

Define the batch parametersf all windowswith [Annotation/Design Edit Parametes

>

1°2)

Standard Windows]the dialogue 'SelectioAcquisition Parameters' appears, select 'Batch

parameter', the newatch parametersre: windowl: Minus, window2: Sum, windows:
Plus, windows}: Difference. Close menuwi__ 0K |,

Generat a 'Plot 3D Waterfall 0°* of all windows in window 5 wiflBatch Processing Plot
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 annota¢ the Axis with ‘Intensity’
deactivate 'Labiéing of Scale Lines'.

Creak a legend (positiontop, right) in windows with [Annotation/Design Legend/Seleg
Curveg, activate'Show Legendactivate for all curves 'PlotSelecta suitablepositionof the
annotation. Modify the colour of the curves with [PreferencesDisplay - 3D Plot
WaterfallXY 3D PlotColour Profile Display...].

Calculation of the magnetic momenisake back the constant background of windowith
[Modify - CalculateBackground Constan}, close the background menu w Cance! |
Copy the sum spectrum window 2 and inffegtspectrum into windo®:.

Calculation of the XAS background in windéwActivate window 6 and open the menu X
background with [Peak FiFit Background XAS] in the same way and with the s
parameters as in point 6 and leave the menu by clickime button [ Subtract | The
background is subtracted from the spectneating a secalled 'Whiteline'. .

Copy window6 and insert the spectruwindow? will be generated,sm) Copy window 4
(Difference) and insert the spectrum into window 8.

Generate he irntegral 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 sumacwrvandow|
8 the integral of the difference curve.

Calculation of the magnetic moments: Extract theesgry data in the following way fron
windows7 and 8:

| =76.609 Intensily of the last channel in windowsE € 810 eV)
C =1/N=230.767 with N = number ofd-holes(2.49) for Co, calculated in literature
A=-17736 Intensiy in window8 at E = 791 e\(0.6 eV larger than the minimum

[l

(AS
ame

o)

B'=-8.208 Intensty of the last channel in window 8
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B=B-A=9528
23. Calculate the magnetic momentsing the sum rule formalism §mspin moment of th
valence band, & orbital moment of the valence band):

m =- A'CZB =1.196 = 2AA*B) 5178

1%

The values are ingl

Correction of the calculated values with the angle (50°) and the helicitg (88arized light)
gives the correction factor X = 1/(0.95-sin(50°)) = 1.374.

Mo =M A.374=1.643, m,,,,, =m, A.374=0.244

a x
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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_ 2023 User_Files\examples\XPS\Comparison_background_calculation.ufp

3.4.6.3.2 Step Number >0

By choosing the step numb®lS greater than zero the background is geeeératithout Shirley
function and is calculated only with a polynomial and a step background (sum of error and Arc
tangent function) consisting dfSseparate step&E@n (44)). Four plus 4ANSfit parameters in case

of singlesteps and four plus RSfit parameters in case of doublet steps describe the background.
The parametera - d describe the polynomial with constant, linear, square and cubic part. The
parametere = 0 and is fixed and not selectable. For each step thehsigpt hs, the mixing
parameteMys (from 0 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 withred bar and changes after each mouse click. If the
option 'Adjust thea-Param. and Height Param.' is activated, the parameter and the height parameters
are adjusted that the background is at the left and right side of the spectrum like the measuring
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intersity of the spectrum (see Fig3). Example 7 demonstrates a calculation of the magnetic
moment using a XMCD measurement

Each background parameteran be f i xed (t i c karanEterxliélogue mox)toh e
varied. The fitted background will be saved together with the other fit parametengtofinemme

will suggest a start set of parameters: the background parameter for the constant (minimum of th
experimental spectrum) and the Shirley contribution. The user can edit-8rdhe parameters,
recalculate and rdraw with| Preview | the background Subtract removes the background from the
spectra and__OK | accept the preferences for the peak fit. The-rsuitine is closed without
changes by clicking Cancel . The background parameters of the step function can be exported as
image usin¢_ Copy | or| Export |

3.4.7 lteration

[Peak Fiti Iteratioreé ]| or the popup command [Peak Fit Ilteratioghn 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 given parameters. The number of iterations per cycle (maximum 200) ar
the number of cycles can be defined i ntat he
number of iterationss then Number of | terati onNumhereofCy Clye $ @ O
The start parameter qualitan be estimated from the experimental specaaththe suncurve. If
the deviation is to largdeave the procedure wit Cancel | and correct the parameters with [Peak
Fit 7 Show/Correct Fit Parameters]

&
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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_2023_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

The peak fit starts witl__OK |, The presentation of componenssim curve, residual, aridif
optimized during the peak fit backgroundfunct i on wi | | be updated a
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decreasing?). Iteration numberé®’, &%, andAbbecriterionwill be displayed in the title bar of the
wi ndow. The dialogue box O0Stop Iterationsod poy
ESC key is pressed. It contains the final valuess?gf G and Abbe criterion Press 'lterations
[continue!|' to start additional iteration cycles, 'lteratiol end! ' to leave the procedure,
Show Fit Parameters to watch the calculated paramete Show Fit-Parameter Limits | in order to
display the Min/Max vhes. If the background has been fitted together with the peaks additionally
Show Background Parameters | gppears and allows editing the background parameters.

3.4.8 Show Fit-Parameter Errors

/\ | This menu item was developed for calculation opfitameter errorafter peak fitting (see
EEE 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 shovabsolute or relative to the fit
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-fiaraméer errors. The dialogue can be
closed with___OK |, If the user wants to print or export-fiarameter errors from more than one
window, he can use [BatdProcessing Print Fit-ParameteErrors] and [BatchProcessing Export
Fit-Parameter Errors].

N
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Fig. 23 Left: XAS test spectrum and model curve with four components and step background,
right: Menu of the fittable XAS background consisting of polynomial, Shirley background
and step background (one step is described by four parameters: Height, E-A Mixing,
Position, FWHM), Project: Unifit_2023_ User_Files\examples\XAS\XAS-example.ufp

The fitparameter errors calculation st be made directly after the peak fit. If the 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 errors of these parameters equal zero.
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If one activates this menu point after a successful error calculation, the errors are shown without
new calculation. A new estimation of the-fiarameter errors can be activated, wilse user
subtracts the background or carries out a new iteration and chooses the menu point [FfadnFit
fit-parameter errors].

Note: If the peak fit was camd out with theinhomogeneous Tougaabdckground functions
(Fittable Background XPSNHOM)) or a XAS spectrum was ffittetthen the calculation of the it
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

Q diagonal terms are a measure of the errors of independent parameters. -Tiegaoal
terms give error values of the correlation between the parameters. The curvatureHneainixbe
exported with the menu point [PeBk 1 ExportCurvatureMatrix]. The export of the curvature
matrix is possible only from that window in which at last apitameter error calculation was
carried out.

o
Ny ==
4.80 F —
Peak name -N-CO- Fix| -NH3+ Fix
Peak height [ 1020.2 0 [ 057681 |0
GP-FWHM/eV | 1.7147 o[ @
ase b Position/eV 400.1007 |0 | 1.8231 =
LP-FWHM/eV | 1.08245 1 | 092574 O
Asymmetry [0 = =
FWHM/eV 2.373 232
abs. Area 2990 1676
g 428 r rel. Area 0.6408 0.3502
f:: Copy Export Save sz
'E Print Preview Data Bank DS+ AP+ PN+
E 402 b Absolute Cancel DS | -AP |-PN
Peak1 Fix Peak2 Fix
are L Peak height/% 214519 0  59.7263 0
GP-FWHM/% 1.0954 0 0 1
Energy/% 0.04809 0 0.0296 0
LP-FWHM/% 68.5801 0 133.390 o
Asymmetry/% - 1 — 1
350 1 I I 1 1 1 ] FWHM/% 2054 106.34
413 410 407 404 401 398 3gs 392 abs. Areal% 170.94 4312
Binding Energy / eV rel. Areal% 435.3694 695.6331
) 1 LA, v.‘l' A A A i o AN aMMA NN A jl\: Moy, A A f"“‘l"r"_ A f.‘-? = S
x L NN T W A T '-\.“ W ‘II v W "Val‘l I‘f VT N 'I."i Save Print Copy
i

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_2023_ User_files\examples\XPS\N1s_parameter_errors.ufp

3.4.10 ValenceBand Edge SQR(E)*G(E)

This subroutine permits the estimation of the uppatenceband edge. Independent of the

‘ preferences the model function is a convolution of squarearmbiGaussian functionhe
valence band edge is determined by the zero poirfteobquare root function. TH&NVHM of the
Gaussian function is fixed at a certain value or variable. The background can be estimated paralls
to the fit. If the background was not estimated before, a constant background will be subtractec
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autoratically. The number of iteration cycles is set to 100 and not variable. But the iteration process
can be repeated (see aBest16ValenceBandEdge Resulufp).

3.4.11 ValenceBand EdgemE*G(E)

This subroutine permits thestimation of the upper valenband edge. Independent of the

l preferences the model function is@nvolution of a linear functioand a Gaussian function.

The valence band edge is determined by the zero pothiedinear 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 aomatically. The number of iteration cycles is set to 100 and not variable. But the
iteration process can be repeated.

3.4.12 Fermi Edge Theta(E)*G(E)

This subroutine permits the estimation of the Fermi edge. Independent of fleegmiees the

model function is a convolution of Theta and Gaussian functidhe Fermi edge is
determined by the jumping discontinuity of the Theta functibhe FWHM of the Gaussian
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 backgmollirae subtracted
automatically. The number of iteration cycles is set to 1@Dret variable. But the iteration process
can be repeated (s&€estl8Fermilevel Resulufp).
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Fig. 25. Dialogue of the standard windows selection for using the batch processing, Project:
Documents\Unifit_2023 User_Files\examples\XPS\BaTi-178-Spectra.ufp

3.5 Batch Processing

The batchprocessing sumenus serve as fast and comfortable serial treatment and offer different
3D plots and a plot of parameter dependeetsaurements. The sumenus3.5, 3.5.3and 3.5.4
change all windows. If the mer@i5.2 3.5.4 0, 3.5.7,3.5.7,3.5.10 3.5.19 0, 0, 3.5.13 0, 3.5.13
3.5.138.5.16 3.5.16 3.5.16 0r 3.5.20will be called a selection dialogue of standard spectra is
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opened (see Fi@5). The displayed check boxes of the standard windows can be selected by the twc
types of radio buttons:

1 '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 ofeneratedgstandard windowsvisible or hiddenkhe radio buttons are disabled or
enabled. The standard windows canskkcted individually, in columns or in a defined sequence.
The following options are offerec All Windows | | NoWindow = Every2ndW. = Every3rdW. |

Every 4thW. and| Every5thW. | The option Every: @ allows the definition of the sequence

by the user. The last five options select the windows from the firstolweienwindow. Three

special selection options ai Every W. Chi* > || Chi2* value|, | Every W. with the same X: | | X value| and

Every W. with the same Y: . The number of the selected windows is displayed.
3.5.1 Charge Correction All Windows

<E This option displays a dialogue box, which allows shifting thex¥s for all windows in

order to compensate e.g. charging effects in several regions of one sample additionally to th
value defined in [Modifyi ChargeCorrectionActive Window]. The charge ca@rct i on i s s
and will not be saved with the preferences or when quitting the programme.

3.5.2 Charge Correction Windows

W This processing routine is the same as describ&bibut works not for all windows. The
A\ defined charge correction affects only the selected windows using dialog@®.Fig.
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Fig. 26. Created Fit-parameter plot of peak heights of Si2zpandC1s from t he test
using UNIFIT, project: Unifit_ 2023 User_Files\test spectra\Test07-Batch-Fit-Voigtfn-
Si3Peaks-O2Peaks-C1Peak_Result.ufp

3.5.3 Original/ Accept Preferences A Windows
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N [Batch Processing Original/Accept Preferences all Windows] recalls the original spectra in
all open windows. All operations domefore will be reversed. Only the charge correction
persists.

3.5.4 Original/Accept Preferences Windows

W This processing routine is the same as describ8dbiBbut 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

3.5.5 Spike Correction All Windows

E [Batch Processing Spike CorrectionAll Windows] permits the correction of spikes of a
<ALL] large series of spectra. The control paetars of the spike procedure can be defined
manually by the user (s&10.1§. The theoretical basic is described in chapt@rOptionally, the
spectra modified using the Laplace operator can displayed. The Unifit projects
RAMAN -Before Spike-Correctionufp and RAMAN -After-SpikeCorrectionufp in the folder
Unifit_ 2023 _User_FilegxampleSRAMAN demonstrate the efficient working of the procedure
using realistic Raman spectra.

Fig.27. Exampl e of a pr3p WatartalbOt Adiotine Si®p bpectra of an ARXPS
measurement of SiO, with UNIFIT, the plot was exported as BMP-file using UNIFIT and
than inserted as graphic into Word document, a dispersion of the binding energy with
the angle variation cannot be observed, project:
Unifit_2023_User_Files\examples\XPS\Angle_Resolved_Measurement_Si.ufp

3.5.6 Print Fit Parameters

This option permits a simultaneous print of the final fit parametérseveral windows
AN presenting the fitted peaks watlt printing the spectra. Only windows can be selected for
which a peak fit has already been carried out.

























































































































































