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Test Peak Model: A Tool for Estimating Line Shape
This video looks at line shapes and how line shapes can be estimated from data.

The example used to illustrate how a line shape can be modified to reflect shapes in data via the Test
Peak Model option othe Quantification Parameters dialog window Components property page is a
Si 2p doublet. Data are measuredngsan acquisition mode optimisddr quality of signal rather

than for sensitivity. High sensitivity means high count rates which are achiewaahigromising

signal quality and therefore energy resolution. Quality of signal means restricting apertures allowing
focused image quality signal to enter the hepfisrical analyser (HSA) operatindat pass energy

to provide maximum energy dispersiofhe Si 2p doublet used throughout this video is recorded
using medium magnification transfer lens mode limited to a 55um analysis area by a selected area
aperture, the image of which projecsignal spobf size equivalent téwo thirdsthe width of the

entrance aperturanto the HSA. The silicon sample is assutodae and evidence spports the
assumption of a cleaoxide free elemental silicon surface.
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The shape modelled in this video is asymmetric in both Si 2p doublet components. The origin for this
asymmetry is not entirely clear from these data, but the two most likely reasons relate to the
semiconductor nature of Si 2p following a photoemission response observed in similar materials
and/or these narrow Si 2p peaks include instrumental artefaath @& geometric aberration for HSA
instruments that is a potential explanation of signal originating with a given energy but is recorded

at a lower kinetic energy by the detection system. Regardless of origin, these doublet peaks provide
an example where asymeiry in a synthetic line shape is an appropriate tool for estimating
photoemission signal attributed to silicon.

The line shape used to model asymmetry is as follows.
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Underlying Asymmetric Lineshaje

1 1* 1 1 /4
T(x:a,u):[m] XE[E—tan (Z.X')+;] u>0&a>0

Gaussian Modified Lineshape:
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TIA(x:a, u, ) = Nf T(t:a,w)g(x — 1: w)dt
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Step curve[g —tan™'(2x) + g] (dot, p = 1), Lorentzian[HlW] (dash,a = 1) and product of step curve with

1 ™ _ tan1 T
1+4.x2] X3 [2 tan™'(2x) + u] (dot/dash) (not drawn to scale).

Lorentzian[

+35+45 4.42E5/15
Residual STD = 0.828433
Name  Pos. FWHM L.sh. Aea g%
368.06 0.42 TLA(1,2.86,28) 3019.51 :I "
I
)\ }
Name BG Type ,',' ]
Ag 3d U2 T[19767.7,1643] o \‘-
:" un
o L]
n
/;' w
s 0
1/' be
‘14 \\‘\
*'I"/' e
PaPyiwngg=sozazana®sa2s""" T £ g L R B SSSReva
-7 T 7 T T T T | T T T T [ T T T T [ T T T T T T T T T
371 370 369 368 367 366 365
Binding Energy (eV)
CasaXPS

Ag 3d,, spectrum measured from Kratos Axis Ultra, PE5 in Hybrid lens mode using a limited and selected range of DLD
logical detectors.
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Si 2p represents a photoemission process slit by-ggiital interactionsmto two component peaks.
In this video data measured from a clean elemental silicon surface result in two energy resolved
peak exhibiting asymmetry. The first task when considedig is the possibility peak shapes are
the result of chemically shiftedgial. Comparisons with samples similar to the clean silicon are
made via Si 2p spectra as a means of estimating the potential influences of chemical state.

CasaXPS Licensed to:H406 WWU Site License - [Thin-Thick-and-5iPESFo¥2-55um. vms]

3 File iew Window Options Select Help IEl
D[ | e | i | | | s | 6 2 @] 3| e [ (] @] 6] |2 2]

e = e =T e R N S R EN PN R B 2 == e =T S R e A R R S T e
I Y e e S P R R S e e A A A R i Y

| Lo | (e JEAN ROUXEL
Exp Variable

Si 2p/42 5

M Quantification Parameters

Regions Components |Dala Editor | Report Spec. | APT Report |

40]

Si 2p/d2
35] Component |
30]

Comp Index
Asymmety Index
% Concentr,

Min to Max Normalised
5]
=]
I

Create | Createx 2 & Marquarct Paste

" Simplex

te Repk
10] N Copyl Fi Conganents Paste Replace |
§ Copy ¥ UssAMS  TestPeak Model | Monte Carla

Cut | F\tSphneBGl Fit Step BG | Copy and Fit |

EEe s — F\Egmnsl TopuTAGE | Ty Namesl

(L B o o e e e e e R Fiecover Peal Model from Fit Companents List Copu FSFs
104 103 102 101 100 99 98 97 96 oo
Binding Energy (eV)

STORE to List| RECALL fiom List| RESET Lis |

Read :iDocuments and SettingsiNealiMy Documents|ECASIALS1Dats) Thi




Copyright (2019) Casa Software Ltd

EE&®

[E0 Fie View Window Options Select Help HICE
0 R o | | | s 0 B B 2 @ O] £ || ] ) ] ]

CasaXPS$ Licensed to:H406 WWU Site License - [Thin-Thick-and-5iPE5FoV¥2-55um. vms]

= =TT e e B e e ) T e I I A e INSTITUT DES MATERIAUX
| lm] ] sileloll <] rlulelon £13le] o) Elale) ale -
5 Exp Variable
B
o
0
Riegions  Components | Diata Editor | Fieport Spec. | APT Fleport |
40]
[sizpz
a5 Component \
] Marme
R.S.F.
30] Area
WM
3 [T —
£ 25] Position
[
E Tag
Comp Index
E 20] Asymmetiy Index
g % Concent:
o
£ 15]
g Create | Createx 2 @ Marquardt Pasts
e o |  simplex [
10} Copy | |
y Copy | P UssAMS  TestPask Model | Monts Carlo
] cut | F\tSphneBB| Fit Step B& | Copy and Fit |
. I o ] 5 e . A EonslramEompstoHeg\ons‘ EopyTAEs| CupyNamesl
T Recover Pesk Modsl from Fit Components List Copy RSF:
104 103 102 101 100 29 a8 97 26 ~ - - M
Binding Energy (eV) STORE to List| RECALL from List| RESET Lt
Read: C:\Documents and SettingsiMeality Documents|ECASIA19Datal Thi

Si 2p data measured from clean silicon appears to be without significant oxide so the assusption
made that these peaks can be assigned to photoemission from silicon only.
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A single region is added to the VAMAS block containing Si 2p data from clean silicon. U 3 Tougaard
background type is used to create an approximation to inelastic scatteekiground beneath Si 2p
photoemission signal.
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Initially, two component peaks with symmetric line shapes are added to the VAMAS block containing
Si 2p data. These components when fitted do not produce expected data reproduction.
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Adding an annotation fale gathered from data displayed in the active display tile illustrates that
these symmetrical peaks not only fail to reproduce these data the physical relationship between p
orbital photoemission doublets, namely, 2:1 intensity ratio is also less thdaqter
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A more Lorentzian shapes lineshape is introduced in an attempt to model signal spread towards
higher binding energy not accounted for by the initial line shape. A # character is used to copy the
line shape entered in column A to the componentatumn B too.
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The new line shape, when fitted to these data, models peak maxima well and also accounts for signal
to higher binding energy, but unfortunately introduces an error in terms of data reproduction to
lower bindingenergy for these data.

As ameans of testing adjustments to the current line shape, the Test Peak Model button is made use
of to scan a line shape parameter and perform a fit of the new peak model to Si 2pAdata.shape
text-field is selected prior to pressing the button on tBemponents property page labelled Test



