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Quantification of Homogenous Samples
The following statement is intended to summarise the essence of quantification by XPS.

An atomic concentration computed from a XPS spectrum involves isolating emission peaks, one per
element (XP8atain general include multiple emission peaks for each element), then performing a
sequence of corrections thesespectral intensities leading to values (normalised peak intensities)
representative of the amount of substance sampledm}PS measurement.
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Essentially, the probability of a scattering of a photon by an atom leaving the final electronic
configuration with a hole in a specific core electronic shell is dependent on which core level is
altered in the final state. Threlative intensities for these photoemission peaks depends on these
probabilities for the final state configuration and therefore the number of electrons detected are not
uniformly distributed between the set of photoemission peaks in an XPS spectromafgiven

element, but appear as a sequence of emission peaks with varying intensity.

The purpose of Relative Sensitivity Factors (RSF) is to correct peak intensities to account for
differences resulting from the photoemission process.

Theoretical RSF, mfed to as Scofield crosections, are used to correct for peak intensity
differences due to the photoemission process.

Transition probabilities calculated using Hart®kater approximations are tabulated by Scofield for
photons of energy correspondirig Al and Mg xay sources. Scofield cressctions do not account
for angular distribution variation in the effective cressction as a consequence of instruments
detecting electrons in a specific direction relative to the photon source. Angular disbribu
correction to these Scofield crosections based on a given instrument geometry are applied
resulting in RSF values appropriate for a giveayxsource and the angle between theay source
and the direction defined by the electron energy analyser.
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Scofield crossections are corrected for angular distribution using the factter% (3cos?8 —1)

relative tos-orbital electron configurations. Thg value is computed for the element for which the
Scofield crossection is defined, anél is the xray ©urce to electron analyser angleor data from a
Kratos Axis Ultra the angle between theay source and the direction of the electron analyser is
assumed to be 60For an Ulvac PHI VersaProbe the afigie45. Magic angle instruments do not
requireangular distribution correction since the anglés chosen such tha&tcos?6 — 1 = 0.

Instrumental Transmission Correction

The number of electrons recorded by an instrument at a specific kinetic energy for the detected
electrons deviate from the number ofegltrons emitted from the sample. The ratio of electrons
leaving the sample to the number of electrons recorded at the detector varies as a function of the
kinetic energy for the emitted electrons. To adjust for these variations in collection efficiency an
instrument transmission function is measured.

Data in these examples are corrected for transmission using the National Physical Laboratory (NPL)
transmission correction software. A transmission function is prepared for each operating mode for a
given instument. Differences in operating mode may include specific settings for the pass energy,
electron optical lens modes, aperture settings and detector settings.
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Escape Depth Correction

Inelastic scattering of electrons within solid state materials as measoy XPS results in the
characteristic background to photoemission peaks obvious in survey spectra. The production of
inelastic scattered electrons is modelled by an exponential decagro loss photoemission

recorded Intensity for electrons emergingdm a layer within the surface is obtained by integrating
the signal over the intervdp, q] using the exponential attenuation modet/a for the reduction in
intensity at the surfacelue to photoemission at a depth beneath the surfaceThe value fou
determines the sampling depth for photoemission from a specific material at a specific energy for a
photoelectron.

Page? of 30



Copyright © 2019 Casa Software Ltd

1 3a

The intensity emitted at the surfadefrom a layer of material between the depthspindg is
proportional to theintegral:

a
] o f e‘x/adxza[e‘p/a—e‘q/a]
P

Forp = 0 andq = 3a then 95% of photoemission signal without energy loss is accounted for from
the surface layer, hence the sampling depth for XPS is often referred to a three times the effective
attenuationlength. When considering the upper energies for Al anoda»emission the value far

is between 3 and 4 nm, hence a common rule of thumb is that foraysthe maximum sampling
depth is in the region of 10 nm.

The valuex for photoemission from solid state materialaries as a function of kinetic energy of the
electrons detected. Even for a sample of uniform depth distribution such as gold, silver or copper,
the number of electrons recorded for an emission peak reducélseasnergy of the electrons
decreases simply because the volume of material from which an electron can emerge without
inelastic scattering reduces.

For a given analysis area, the volume of material sampled for a given kinetic energy for the emitted
elecieya OlFly 0SS Y2RStfSR dzaAy3 (okEfective//Sténbaiion A O a Sl y
Length (EALMartin Seah publish universal equatiopproximatiorsto IMPF 4) and EAL

(0.73 + 0.0095E9872)
A= 703

(nm)

_ (0.65 +0.007E°%%)

EAL 035
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whereE is the photoelectron kinetic energy aidis the average atomic number provide a means of
correcting for escape depth dependence on kinetic energy.

XPS data only offers the possibility for reporting the amount of substance when properly corrected
emissionpeaks are used in the atomic concentration formula applied to truly homogeneous
samples.
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Quantification by XPS lllustrate using Fused Silica
Relative Sensitivity Factor
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The basic tools used to assess sample chemistry are quantification regions defined for isolated
photoemission peaks. In the case of fused silica photoemission peaks corresponding to Si 2p, O 1s
and C 1s are isolated from any interfering photoemission peaks consequence quantification
regions can be used to define appropriate approximations to inelastic scattered background signal,
intervals over which signal above the inelastic scatter background is integrated to yield raw counts
per seconkV (CPSeW)r each peak. These ra@PSeVdre then scaled using relative sensitivity

factors in the form of Scofield crosections, which are adjusted for angular distribution based on an
angle of 60 between the axis of the analysers lens column and the Al anadg Xource. Escape

depth correction is performed using the EAL approximation to allow for differences between the
sampling depths for O 1s and Si 2p signal. Finally instrument response to kinetic energy is corrected
by making use of a transmission functioomputed for these data using the NPL transmission
correction procedure.

In principle, the computed transmission function effectively allows recorded data to appear as if it
were measured from an instrument created with ideal flat transmission responskettron

photoemission energy. Only when a precise transmission correction is available is the use of Scofield
crosssections appropriate. Another way of looking at this statemerinigrinciple,any instrument

for which relative sensitivity factors amther than Scofield crossections does not have an absolute

and truetransmission function available.
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Fused Silica Video
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Quantification steps used to transform raw survey spectra into stoichiometric relationships between
silicon and oxygen are expldior a sample expected to be fused silica.
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Quantification results from regions are display over data by adding annotation using the Annotation
Dialog Regions property page table specification and the Formula option on the Annotation Dialog

Text property pge.
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quantification results gathered from regions.
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The Quantification Parameters dialog window Regions ptypmage allows the specification of
quantification information specific to a photoemission peak (RSF, background and energy interval)
and displays the currently active intensity calibration options in the form of transmission, escape

depth and anglar distribution corrections.
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During the course of this video quantification regions are defined and intensity calibration steps are

progressively added resulting in traceable quantification for aduslica sample. Initially
transmission correction based @m NPL computed transmission function is active.
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Angular distribution correction is active too making use of an angle ‘dfé&@een the direction for
electrons collected by the transfer lens system and thayksource. ADC information is used to
adjud the relative sensitivity factor for a region at the time a region is created.

E-»—. PS Licensed to:H406 WWU nse - [fusedsilica. vm: ‘

0 | o] | B s M s e | B e e [ | 0 | 3| omo| /|| ] 5] B 6 S0 %
0|8 |2 B @ B ] 2|aloln|aly| k@@ D= es 5 | |

e Y el - R P R N e e R A A A e el YK I A sl N A =25~
|| Angle ‘wiide None C1s 015
gs wide/18 | C1s5119 | © lsfz0
40 wide/14 C 15/15 0 15/16
50
50x10% @ Qua ation Parameata ]

Regions } Components | Data Editor | Report Spec. | APT Repott |

I™ Cale Max

—
40x10° Hgors [

Scofield RSFs are relative to C 1s, that is, RSF for C 1s = 1.0. End

3¢ St Offset
Scofield RSF for Si 2p = 0.817 Endofiethg
Tag
Area
ADC corrected Scofield RSF for Si 2p = 0.772 K LTI
20%

Position
% Concentr,

Mas Height
Min Height
Peal to Peak %Ca..

10x10% Create ‘ Order | Calulate Error Bars ‘ Delete | Paste
Creats From Labels | Save Regions .| _Comrall | Cony
Intensity Calibration Copy and Paste

W Automatic o Update Copy Names
A

T T BT o B s TV o o e T Escape D.C.: None / ADC Angle = B0 sto| Aoy msT
600 500 400 300 200 100 (1] J J
Binding Energy (eV)

CPS

v

c:idocuments and settingsinealimy documentstworkingdiricustomer dataljohnwaltonihexaneonsio?!f usedsilicalfusedsilica. wms

3L 02:30/17:18

The element library contains an RSF for Si 2p equal to 0.817. This value for the Si 2p RSF is computed
by Scofield using quantum mechanics to compute the photoionisatiors-segion for Al anode-x
rays exciting a Si atom initially in the ground state.
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Values for the ADC angle can be adjusted using the Element Library dialog window Element Table
property page.
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For each region a total sensitivity factor is computed base&cofield RSF, transmission function

for the photoemission energy, escape depth for the photoemission energy and the source analyser
angle instrument geometry.

Pagel0of 30



Copyright © 2019 Casa Software Ltd

CasaXPS Licensed to:H406 WWU Site License - [CasaXP1]

EEX
[E0 Fie View Window Options Select Help R
0| o/ o o B | | | | B | | 1 | | ) (oo /| ]| ) | S| @
L1 T S N N N 3 =T e = O e
o] o] L¥| Bl aal] oblab| LE|=hiis ) Lol

2|

Research article i

[e——— Hevived 15 Do

(wileyondinelibrary.com) DOI 10.1002/sia 5

Film thickness measurement and contamination
layer correction for quantitative XPS

Jkﬂ'alton,‘* M. R. Alexander,” N. Fairley,” P. Roach® and A. G. Shard®

polyr
ive peak shape analysis. This procedure is suitable for automated film thic
measurement b ion layer in both sp py and imaging.
Co

and correction for
ryright © 2016 John Wiley & Sons, Lid,

Keywords: XPS; imaging film thickness: peak shape analysis; caibonaceous contamination

Read: Mo File

L BA2/1TE

Information about escape depth corrections and how escape depth can be used to understand
sample composition by XPS is ciésed in Walton et al (SIA 20116
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Quantification regions can be created by marking each element of interest using the Element Library
dialog window via the Element Table and Periodic Table property pages. The FindwRieaks b

marks any peak with element markers for which a possible match occurs. This is a superset of
elements rather than attempting to identify the most likely.
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Once the user assesses the superset of elements and limits the element markers to the ehpst lik

elements (in this case C 1s, O 1s and Si) regions are created using element markers by pressing the

Create Regions button on the Periodic Table or Element Table property pages.

Regions are created and can be edited using the Quantification Parandéityg Regions property
page.
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