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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not;xeceived

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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Introduction

X-ray photoelectron spectroscopy is routinely used to measure the elemental composition of surfaces and
the depth distribution of those elements. The translation of peak intensities into elemental compositions
and depth distributions in the absence of reference materials relies upon comparison of the relative peak
intensities to external reference data. The kinetic energies of the peaks being compared are different
and therefore it is important to know the relative transmission and detection efficiency of electrons at
different kinetic energies to achieve a meaningful comparison to the external reference data. International
interlaboratory studies demonstrate that XPS instruments display markedly different transmission
characteristics. Consistent intensity scale calibration enables the direct comparison of XPS results and
enables international trade through trust in measurements throughout the supply chain and in the
comparability of data from analytical service providers.

This docum
which utili
density pol
poly(ethyle
the relative
accurate re

ent provides a method to determine the relative response of X-ray photoelectron-sp4
se quartz-crystal-monochromated Al Ka radiation as the excitation source.
(ethylene) is employed as a reference material. Measured intensities from ¢lean
he) are compared to reference intensities at specific electron kinetic_énergies td
response of electrons to the detector. The resulting relative responsé-function is {
ference spectra for copper, silver and gold held by the National Physical Laboratory, U

ctrometers
Clean low-
ow-density

determine
raceable to
IK.
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Surface chemical analysis — X-ray photoelectron
spectroscopy — Method of intensity calibration for quartz-
crystal monochromated Al Ka XPS instruments

1 Scope

This documn
that emplo

This document is applicable to instruments using quartz-crystal-monochromated AlrKe X-

suitable for
the instru
calibratio
intensity c
specimens
standard inl

This docun
or instrumsé
and operat]
spectromet

2 Norm

The followi
requiremen

the latest edlition of the referenced document \(including any amendments) applies.

[SO 18115-]

3 Terms

For the pur

ISO and IEG

IEC Ele

nIprocedure. The intensity calibration is applicable at kinetic energies‘higher than

[SO Online browsing platform: available at https://www.iso.org/obp

ent specifies a procedure by which the intensity scale of an X-ray photoelectron sy
s a concentric hemispherical analyser can be calibrated using low-density(pol

all instrument geometries. The intensity calibration is only valid for thé\specifidg
ent (pass energy or retardation ratio, lens mode, slit and aperture settings) used

ibration is suitable for instruments that do not have an ion gun for the)purpose of cle
n-situ (i.e. Au, Ag, Cu), or exhibit detector saturation when these specimens are mea
strument parameters.

ectrometer
y (ethylene).
rays and is
settings of
during the
180 eV. The
Aning metal
sured using

ent is not applicable to XPS instruments which do not have'a system of charge cofnpensation,

ents that have a non-linear intensity response. This docdument is not applicable to i
ing modes which generate significant intensity from' electrons scattered interr
er (i.e. >1 % contribution of scattering intensity tothe total spectral intensity).
ptive references

ng documents are referred to in the textin such a way that some or all of their content]
ts of this document. For dated referefices, only the edition cited applies. For undated

, Surface chemical analysis —JVocabulary — Part 1: General terms and terms used in sp

and definitions
boses of this document, the terms and definitions given in ISO 18115-1 and the follow

maintain terminology databases for use in standardization at the following address

ctrepédia: available at https://www.electropedia.org/

nstruments
ally in the

constitutes
references,

ectroscopy

ing apply.

ES:

3.1

relative throughput
ratio of measured signal rate to the known intensity from a reference sample as a function of electron
kinetic energy

Note 1 to entry: Relative throughput is related to the spectrometer response function and is distinguished in this

document as

the experimentally determined response.

4 Symbols and abbreviated terms

For the purposes of this document the following abbreviations apply.

© IS0 2024 - All rights reserved
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LDPE  low density poly(ethylene), or low density polyethylene, CAS RN®1
9002-88-4
XPS X-ray photoelectron spectroscopy

For the purposes of this document the following symbols apply.

A XPS peak area eVsl
a an exponent

b an exponent

B detection angle between incoming X-rays and outgoing electrons

C count rate from reference material st

D noise rate st

E analyser kinetic energy eV

F correction for angular emission

g instrument geometry factor

h magnitude of the slope of the survey spectra intensityratio keV-1
1 angle-averaged reference intensity Ia

K reference kinetic energy, equal to E + q eV

M number of independent parameters in a functional description of T

Q relative throughput: ratio of signalxate, S, to the reference intensity, R [, 1s1
q electric potential energy of referénce material relative to spectrometer eV

R reference intensity for the XPS instrument sl

S signal rate: the difference between count rate, C, and noise rate, D sl

s average matrixrelative sensitivity factor

Oc standard ufiéertainty of count rate st

o standarduncertainty of relative throughput Q [,1s1
o, mean standard uncertainty of relative throughput Q [,1s1
Og standard uncertainty of signal rate S st

or standard uncertainty of relative response T [, 1s1
T relative response of a spectrometer [,1s1
w X-ray anode power W

w, X-ray anode power used during LDPE reference material analysis w

1) CAS Registry Number® is a trademark of the American Chemical Society (ACS). This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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at. %

S-l

X root mean square error of a functional description of T relative to Q

X relative atomic concentration

& dihedral angle between X-ray anode-monochromator-sample plane and monochro-
mator-sample-electron analyser plane

Y XPS signal rate from a sample

Z calibrated XPS intensity from a sample

5 Requirements

5.1 Gendral

Annex A.1 shows a flow chart (Figure A.1) for instrument set-up and the acquisition of data’and s
the steps to|be taken in Clause 5.

5.2 X-ray photoelectron spectrometer

5.2.1 Operating requirements

The XPS ingtrument requires a monochromated Al Ka X-ray source @nd’a charge compensation §

shall be reported to the instrument manufacturer for corrective action. For concentric he
analysers, Higher pass energies and smaller entrance slit widths reduce the effect of scattering. A
of 50 eV or lhigher is usually sufficient.to ensure that the major scattering contributions are signi
than 1 %.

5.2.2 Insprument geomeftry

ry of the XPS§spectrometer shall be known. The geometry is characterised by two|
ngle B whiel is the angle between the incoming X-rays from the monochromator and 4
rectlytoward the electrostatic lens column; and ¢, the dihedral angle between the pl
res, of\the X-ray anode, the monochromator, and the sample (which is assumed to be

The geomet
detection a
electrons d
by the cent

Ix

ummarises

ystem such
be operated
res in this
it widths of
lyser to the
bution shall

[L2],

ng intensity
mispherical
pass energy
ficantly less

angles: the
he outgoing
ane defined
in the focal

point of thy
monochron

tres of the

b X-ray spot and analyser defined analysis spot) and the plane defined by the ce
mmmmwmm%nstmmem

geometry used in this document to help identify the angles f and & The instrument manufacturer will know

the exact angles of f and & from chamber design schematics.

© IS0 2024 - All rights reserved
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VS
Key
A centre of X-ray anode M  centre of quartz-crystal monochromator
S analysigpoint on sample L  centre of analyser len§
B angle bgtween lines MS and SL ¢  dihedral angle between planes LSM and SYA

Figure 1 — Schematic of XPS instrument geometry showing the angles fand ¢

From these[two angles, the geometry factor of the instrument,shall be calculated using Formula|(1).

9=[(2,p90-0,765cos B)(0,500-0,042c0s2&)sin® BJ-0,995 )
where
g if the instrument geometry factor;

B if the detection angle;
& if the dihedral angle.

NOTE1 Fprmula (1) contains numerical values that arise from the nearly identical angular emission glistributions
of C 1s and (|2s electrons and theX-ray polarisation induced by the monochromatorl2l.

NOTE2  Most commercial.spectrometers have a coplanar dihedral angle, £ = 180°, and a detection anglg, 5, between
45° and 60°.[Useful numerical values of g are: -0,434 2 for § = 45° -0,217 7 for B = 54,7°; -0,099 3 for|f = 60° and;
+0,374 4 for B =90°.

NOTE 3  Ekactangles of fand £ can be obtained from the instrument manufacturer.

5.3 Reference material

The reference material shall be LDPE sheet of approximately 1 mm thickness free from obvious polymer
damage or discolouration. Cut the LDPE sheet to a size suitable for analysis using clean metal scissors and
affix to a sample holder. Use a brand-new disposable scalpel, or a scalpel cleaned with an isopropanol alcohol-
soaked tissue, to uniformly scrape the surface immediately prior to inserting it into the XPS instrument. A
visual inspection of the XPS survey scans should exhibit no peaks other than those due to carbon. If this
condition is met, then the LDPE sheet is suitable as a reference material for use with this document. At the
conclusion of this protocol, the reference LDPE should be stored in the dark, avoiding exposure to humidity
and high temperatures or proximity to volatile solvents or fumes, until required.

If peaks due to elements apart from carbon are observable in the LDPE X-ray photoelectron spectrum, the
sample shall be removed and cleaned again by additional scraping using a different clean metal scalpel. If

© IS0 2024 - All rights reserved
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repeated cleaning does not remove the non-carbon elemental peaks, then an alternative source of LDPE
shall be sought.

In subsequent uses of this document, stored and previously used LDPE reference samples shall be scraped
before use.

NOTE1 Contamination can also arise from the XPS instrument and sample holder. Failure to obtain clean LDPE can
also indicate that the XPS instrument requires baking or sample holders require cleaning.

NOTE 2  Clean, uncoated razor blades without a lubricant coating such as PTFE can be used in place of a scalpel.

5.4 Frequency of intensity scale calibration

Intensity calibration shall be performed at ama : erval of one year, ormore freque if changes in
intensity refsponse are identified and occur over a shorter period. Intensity calibration is also reuired after

0 24237, repeatability and constancy of intensity scale, ISO 16129, procedures fer assesging the day-
to-day performance of an X-ray photoelectron spectrometer and other documents providé-methods for identifying

shows a flow chart (Figure A.1) for instrument set-up:and the acquisition of data that yummarises
be taken in Clause 6. Additionally, A.2 shows a flow,chart (Figure A.2) for the inspedtion of data
ining Q(E) that summarises the steps to be takentin Clause 6.

Operate th¢ instrument in accordance with-the manufacturer’s instructions. Turn on the XPS|instrument
control and high voltage power supplies:at least three hours before proceeding. Set the instrument to the
required ofjerating mode, pass energyor retardation ratio, slit widths and aperture settings for which the
intensity cdlibration is required.

6.2.2 LDPE reference sample

Prepare thd LDPE referefice’sample by mounting on a sample holder and scraping with a scalpel described in
5.3. Immedjately place'the reference sample in the instrument load lock, evacuate the load lock chamber and
transfer it tp the analysis chamber as soon as possible. Position the reference sample away from the analysis
position so fhat itwill not be exposed to X-rays during X-ray source warm up, see 6.2.3.

6 2 3 X d ol e £1 P |
ks ol ¥ [y SUUItT Ay TIttua vIrmoou suuitT

Turn on the X-ray source at a normal operating power. Turn on the electron flood source and set it to typical
operating parameters. Wait for at least 30 min for the X-ray source and electron flood source to equilibrate
before proceeding. The X-ray power used for acquiring the reference spectra, W, shall be recorded.

Similar to instrument parameters described in 6.2.1, the resulting intensity calibration obtained from this
procedure is also a function of the X-ray source energy, optics, and spot size. Multiple calibrations shall be
obtained for different X-ray source parameters except for W..

© IS0 2024 - All rights reserved
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6.2.4 Noise spectrum

Ensure that neither the LDPE sample, nor any part of the manipulator is in, or in proximity to, the analysis
position. This is achieved by moving them as far away from the analysis position as the instrument will
allow. Acquire a survey spectrum from 175 eV to 1 500 eV kinetic energy. The acquisition time shall be
greater than 10 minutes to ensure statistical relevance. The data shall be plotted and visually inspected for
any kinetic energy dependent structure. If there is no evidence of kinetic energy dependent structure in the
noise spectrum then the noise rate, D, will be determined from the LDPE spectra, see 6.3.2.2.

If there is evident structure in the noise spectrum, then the measurement shall immediately be repeated
to ensure that it is reproducible. If the noise spectrum is reproducible and can be described using a simple
energy-dependent function, such as a power law or polynomial, then the noise spectrum shall be fitted. The

fit shall be used to establish the kinetic energy dependent value of the noise rate, D.

If the noise
be describe

NOTE1 T
high noise cq

NOTE2Z2 A

spectrum is not reproducible then this document is not applicable. If the noise spect
d by a simple energy-dependent function, then this document is not applicable.

ppically XPS spectrometers will have energy independent and low noise count gates, less
unt rate indicates that the discriminator setting is incorrect and requires adjustment.

reproducible energy-dependent noise spectrum indicates that there is a fault with the s

An irreprodicible energy-dependent noise spectrum indicates that there is interferenc¢e from other equ

unstable poy

ver supply.

6.3 LDPE intensity measurement

6.3.1 Spe

6.3.1.1 Iy

Move the L

ctra

itial survey spectrum

DPE reference sample into the analysis pasition with the sample normal directed

analyser anpd optimise the position according te{the manufacturer’s instructions or local

Optimise th
175eVto 1
5000 coun

e electron flood source to achieve alstable surface potential. Acquire a survey spe
500 eV kinetic energy. The acquisition time and number of sweeps shall be set to ach
sat 1 000 eV kinetic energy to ensure statistical relevance. The spectrum shall be i

rum cannot

han 10 s'1. A

pectrometer.
pment or an

toward the
procedures.
ctrum from
ieve at least
nspected to
bn the LDPE

confirm thq absence of peaks due to elements other than carbon. If other peaks are observed th
shall be renpoved and cleaned again, see'5.3.

NOTE T
compensatio

he C 1s peak is normallyybetween 1 200 eV and 1 206 eV kinetic energy with low energy electron flood

n.

6.3.1.2 Hiigh kinetic energy region spectrum

m 1 195 eV
cve at least

Without m¢ving thé sample or adjusting the instrument in any way, acquire a spectrum fro
to 1 500 eV kinetic energy. The acquisition time and number of sweeps shall be set to achi
10 000 counts-at 1 350 eV kinetic energy to ensure statistical relevance.

NOTE ['he Total acquisition time for the high RKinetic energy region will typically be more than ten times that of

the initial survey spectrum.

6.3.1.3 Final survey spectrum

Without moving the sample or adjusting the instrument in any way, acquire a final survey spectrum from
175 eV to 1 500 eV kinetic energy using the same acquisition parameters as the initial survey spectrum
6.3.1.1.

6.3.1.4 Datainspection

Ensure that the intensities in the spectra have not been modified by the software, for example using the
manufacturer’s intensity calibration procedure. Plot all spectra as count rate against kinetic energy and

© IS0 2024 - All rights reserved
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ensure that, in an overlay, there are no significant differences in count rate for the inelastic background
beyond the range of the spectral noise. If this condition is not met, then the data shall not be used for
intensity calibration.

If there are any elemental peaks observed in the spectra which are from elements other than carbon then
the data shall not be used for intensity calibration and the LDPE cleaning procedure revisited, see 5.3.

Divide the intensity of the final survey spectrum by the corresponding intensity in the initial survey
spectrum at each kinetic energy across the range from E = 180 eV to E = 1 480 eV. Calculate the mean ratio
and ensure that this value is within 5 % of unity. Perform a linear regression on the ratio and ensure that the
magnitude of the slope of the ratio, h, is less than 0,033 keV-1. If these conditions are not met, then the data

shall not be

used for intensity calibration.

eratioofthe final survev spnectrumtotheinitial survev snectrumcould displav a slone Thi
J r J r r 4 r

isindicative

NOTE1 T
that there W
detector.

NOTE2 T

peaks in the

NOTE3 T
Conforming
more than 7,

6.3.2 Dat

as insufficient equilibration time before acquiring the first spectrum or a problem with
he ratio of the final survey spectrum to the initial survey spectrum can display shdrp-deviat
spectrum. This is indicative that the charge compensation was not stable.

he maximum slope criteria is calculated using a maximum ratio deviationof 0,05 divided

Lo both the maximum slope and mean ratio criteria ensures that the lin€arintensity ratio ca
b % from unity.

a preparation

6.3.2.1 Calculation of LDPE potential, q

The analys
subtracted
relative to s

NOTE1 T
typically les
data is to pre

NOTE2 T

from 1 201 eV and the result shall be assigned-as the electric potential of the referer
pectrometer, g.

he error in relative response associatedxwith an incorrect measurement of LDPE poten
than 0,2 % per eV.[2] The primary impdrtance of ensuring kinetic energy alignment with {
vent unintended overlap of peaks intdthe background regions used for intensity calibration|

6.3.2.2 Determination of noise rate, D

If the inten|

Sity of the noise spectrum was constant with kinetic energy, see 6.2.4, then the n

shall be calfulated as the average count rate from 1 495 eV to 1 500 eV in the high kinetic en

spectrum 3
function de
of K are list

NOTE I
was general
other calibr

nd this value‘used at all kinetic energies, E = K-q. Otherwise, the kinetic energy
fermined in6:2.4 shall be used and shall be calculated at the kinetic energies, E = K-
ed in Table)B.1.

andnterlaboratory studyl2], the noise rate determined at kinetic energies higher than the

the electron

ons near the

by 1 500 eV.
nnot deviate

br kinetic energy position of the C 1s peak maximum in the final survey spectrim shall be

ce material

tial is small,
he reference

he sign of q is typically negative.if a low-energy electron flood source is used for charge compensation.

bise rate, D,
ergy region
dependent
The values

X-ray energy

yibut not always, identical to the noise rate with no sample at the analysis position. Cong

6.3.2.3 Signal rate, S

istency with

The count rate, C, shall be determined in relation to the reference kinetic energies, K, which are listed in
Table B.1. Each of the reference kinetic energies are associated with a range in the spectra with a lower
bound in E of (K-g-5 eV) and an upper bound of (K-q+5 eV). At each reference energy, the mean count
rate across this range shall be calculated using the mean of the initial and final survey spectra for kinetic
energies less than 1 201 eV and using the high kinetic energy region spectrum for kinetic energies greater
than 1 201 eV. These mean count rates shall be the count rate, C, at kinetic energies, E = K-q.

The standard deviation of the count rates within each range shall be calculated and recorded as an estimate
of the standard uncertainty, o.. The signal rate, S, shall be calculated at each kinetic energy region E

© IS0 2024 - All rights reserved
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using Formula (2) and the uncertainty in the signal rate, o, shall be calculated for each region of E using

Formula (3).
S(E)=C(E)-D(E)
Cg (E)=(1+ ?Eg)) ]GC (E)
where
S(E)  isthe average signal rate at E;
C(E) [istheaveragecountratetrtheregiomti=g=5evVtoti=g+5ev};
D(E) |isthe average noise rate at E;
E is the analyser kinetic energy;
og(E) | is the standard uncertainty of S at E;
oc(E) |isthe standard uncertainty of C at E.
NOTE Fprmula (3) assumes Poisson statistics in the count rate.
6.3.2.4 The reference intensity, R

The referer
averaged r¢
F. The valu
precalculat
the referen

R(E)=

where
R(E)
E
I(K)
F(K)

—

K

ference intensity, /, the instrument geometry factor, g, and the correction for angul:
es of I and F for each value of reference kinetic energy K are listed in Table B.1
bd values of R for common instrument geometries. The assignment accounts for th
fe materials, noting that E = K-q.

[(K)[1+9gF (K)]

5 the reference intensity at’E;

5 the analyser kinetig €nergy;

5 the angle-avéraged reference intensity at K;
5 the anguldr emission correction at K;

5 the teference kinetic energy;

(2)

(3

ce intensity, R, shall be calculated at each kinetig;energy, E, using Formula (4) and the angle-

A emission,
along with
e charge on

(4)

g

E the instrument geometry factor from Formula (1)
et

6.3.2.5 R

elative throughput, Q

The relative throughput, Q, shall be calculated using Formula (5) and the standard uncertainty of the relative
throughput, oy shall be calculated using Formula (6)

Q(E)

6¢ (E)

S(E)

R(E)

o5 (E)Q(E)
S(E)

© IS0 2024 - All rights reserved
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where

Q(E) s the relative throughput at E;

S(E)  isthe average signal rate at E;

R(E)  isthe reference intensity at E;

E is the analyser kinetic energy;

0o(E) isthe standard uncertainty of Q at E;

og(E) isthe standard uncertainty of S at E.
6.3.2.6 ean uncertainty contribution of Q

The mean uncertainty contribution of @, o,, shall be calculated as the arithmetic mean of alt o, (¥

7 Relative response

7.1 Gendral

Annex A.2
steps to be
summarise

hows a flow chart (Figure A.2) for inspection of data and determining Q(F) that sum
taken in Clause 7. Also, A.3 shows a flow chart (Figure 4.3) for fitting Q(F) to obta
5 the steps to be taken in Clause 7.

7.2 Calcylation of relative response, T

7.2.1 Relptive throughput inspection

The values |of @ shall be plotted against E, using error bars of size 20,. The graph shall be in
inconsistengies. The values are expected to fofm a continuous curve within the bounds of the
Particular dttention shall be given to the continuity of the region below E =1 201 eV and the regic

[marises the

n T(E) that

spected for
error bars.
n above E =

1 201 eV. Discontinuity between these regions and any single points that are outliers should be
further and the cause established andtorrected before continuing or restarting the calibratio
from the bejginning.

NOTE D
to one of the
inconsistent

following causes;-failire to express signal correctly as rates; incorrect instrument geome
or erroneous noise-rate, D and; unaccounted internal scattering in the spectrometer.

7.2.2 Extension ofthroughput data

7.2.2.1 Interpolation

!

iscontinuity between-the lower kinetic energy and higher kinetic energy regions can usually be traced

vestigated
procedure

try factor, g;

The set Q(E)contains pointswhichrare spaced INE by 32 eV Iirom £ = (180=q) eV o E = (1 428=7)

V with gaps

where the C KLL and C 1s peaks appear. Additional points shall be included in the set Q(E) using Formula (7),

Formula (8), Formula (9) and Formula (10).
Q(244-q)+Q(308-q)

Q(276-q)= .
0(1 172_q):3Q(1 140—q);rQ(1 268—q)
Q(1 204—q):Q(1 140-q)+Q(1 268~-q)

2

© IS0 2024 - All rights reserved
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(7)

(8)
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_Q(1140-9)+3Q(1 268-q)
4

is the relative throughput at E.

7.2.2.2 Extrapolation

7.2.2.2.1

Low energy extrapolation

(10)

The set Q(E) does not cover the full range of electron kinetic energies used in XPS analysis and requires
extension. One additional point shall be included at low kinetic energy in the set Q(E) at E = (148-q) eV using

Formula (11).

Q(148-

where Q(E)

7.2.2.2.2

Extrapolati
functions. 1
for a power

(=

a=

q)=2Q(180-q)-Q(212-q)
is the relative throughput at E.

High energy extrapolation

bn to energies higher than the photon energy is required to assistuin the stability of
he five values of Q(E) for E = (1 300-q) eV and higher shall be@sed to calculate the
law extrapolation using Formulae (12) and (13).

ogE;)* Tlogq; )_(ZlogEi 2 (logE; logQ;))

5%

5%(logE;)* ~(SlogF; )”
logE;logQ; ) —(XlogE; XlogQ; )

E.

Q;

Extrapolate
q), (1 524-4

Q(E)=

d

d

5% (logE; )’ —(ZlogE; )

5 an exponent;

5 an exponent;

re the 5 values: (1 300-¢J, (1 332-q), (1 364-q), (1 396-q) and (1 428-q);
re the 5 values of @(£)) at the values of E;.

d values of Q(EY shall be calculated using Formula (14) at values of E equal to (1 460
), (1 588-gyand (1 620-q) in units of eV and included in the set Q(E).

109 EL

(11)

some fitting

parameters

(12)

(13)

-a), (1492-

(14)

where

a

b

Q(E)
E

NOTE

is an exponent;
is an exponent;
is the relative throughput at E;

is the analyser kinetic energy.

© IS0 2024 - All rights reserved
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Formulae 12 and 13 represent simple linear regression of the logarithm of Q(E) against the logarithm of E.
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7.2.3 Relative response determination

7.2.3.1 Choice of method

The relative response of the spectrometer, T(E) shall be determined directly from Q(E). There are two
methods that can be used:

a) Linear interpolation between the two closest values of Q(E).

b) Fitting a smooth descriptive curve of T(E) to the discrete values of Q(E).

The first method is described in 7.2.3.2 and is the simplest. It has the disadvantages of including the
experlmental n01se in Q(E) and havmg a dlscontmuous slope The second method of f1tt1ng is described in

can introd
well. Exam
are shown

7232 L

For a given
E,, larger tH

atenergy EJ.

T(Ey )7
where

Q(E)

T(E)

R(E)

7233 F

A continuo
independe
calculated
minimise X

e 51gr11f1cant error 1fthe functlonal form chosen for the curve does not descrlbe Q(E)
ples of relative response determination using both the linear interpolation andfitti
in Annex D.

near interpolation

value of kinetic energy E, the two closest values of kinetic energy, &5, equal or lower
an E;, in the set Q(E) shall be found. Formula (15) shall be used to calculate the relati

(E1-Ep)
(E;—Ep)

(E;-Eq)

(Ez—Eo)Q(EO

)+———=Q(E3)

is the relative throughput at E;

is the relative response at E;

is the reference intensity at E;

is the first kinetic energy value (K-q) lower than E;;

is the analyser kinetic energy at which the relative response is required;

is the first kineticenergy value (K-q) higher than E.

tting

is, differéntiable function T(E) shall be selected to fit the values of Q(E). It sk
parameters where the value of M is less than 12. The root mean square error,
sing Formula (16) and the M independent parameters iteratively varied from initi

method but

sufficiently
hg methods

than £, and
Ve response

(15)

all have M
X, shall be
al values to

X

> (QUE)-T(E;))*

|

47-M

© IS0 2024 - All rights reserved
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is the relative throughput at £;

is the relative response function at E;

are the 47 kinetic energy values from (148-q) eV to (1 620-q) eV;
is the number of independent parameters in the function T;

is the root mean square error of the fit.

After minimising the value of X, the residuals of the fit, Q(E;) -T(E;), shall be plotted with error bars of size

20q. If ther

aremorethan 2 deviations of the residual from zero of 2 size similar to,or largpr tha

n, the error

bars are ob
a)
b) adiffer]
9

the iten

the ling

7.2.4 Ern

The relativ
7.2.3.2, was
lowest kine|

served then either:

ent functional form of T shall be used;

ar interpolation described in 7.2.3.2 shall be used.

or in relative response

e error in relative response, o, shall be estimated using Formula (17) if linear in|
employed and Formula (18) if fitting, 7.2.3.3, was employed. The highest kinetic eng
Fic energy, E, in eV in the range being considered is required.

E,-Eq

2 2
5 “+(h“+0,001)| T
@ * )( [ 1 000

)

where

i

X +(h2 +0,001){T[

E,-Eq
1 000

DZ

5 the mean standard ungertainty of T across the energy range E; to E,;

5 the mean standand-uncertainty of Q;

5 the magnitude of the slope of the ratio between the initial and final survey spectra;
5 the relativeresponse at (E;+E,)/2;

5 the tewvest kinetic energy in the range of intensity comparison;

E, i

5 the highest kinetic energy in the range of intensity comparison;

ative fit shall be tried again using different initial values for the M independerit parameters in T;

terpolation,
rgy, E,, and

(17)

(18)

X

NOTE

is the minimised root mean square error of the fit.

The local error in T, for regions which are separated by less than 100 eV, is characterised by either g, (see

6.3.2.6) for linear interpolation (7.2.3.2), or by X for fitting (7.2.3.3). For regions which are widely separated in kinetic
energy, the error of the reference data becomes important and the ~2 % uncertainty[2l is characterised as a slope
error of 4 % across the full range from 180 eV to 1 428 eV which is 3,2 % per 1 000 eV.

© IS0 2024 - All rights reserved
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7.3 Use of relative response, T

7.3.1 Correction of survey spectra

XPS survey spectra acquired using the same operating mode, pass energy or retardation ratio, slit widths
and aperture settings for which the relative response T is relevant can be corrected to provide spectra
consistent with other users of this standard. If this is required, the signal rates from the sample being
analysed Y(E) at each kinetic energy, E, shall be converted into calibrated intensities Z(E) in units of I , using
Formula (19). After relative response correction, the relative intensities of peaks in the spectrum and the
shape of backgrounds can be directly compared to theory.

(19)

rection, the

rmula (20)

(20)

Y(E)W,
Z (E) — ( ) r
T(EVW
\=7

where

Z(E) |isthe calibrated intensity at E;

Y(E) |isthe measured signal rate at E;

T(E) |is the relative response at E;

w is the X-ray anode power during the measurement of Y(E);

w, is the X-ray anode power during the calibration.
7.3.2 Us¢ in quantification
If quantification is performed on raw data which has notpreviously had a relative response cor
peak areas|can be converted into equivalent-homogenéeous atomic fractions in at. % using F¢
using XPS pleak areas in eV s'l measured from the data:

A: /s;T(E;
Xl — 1 / 1 ( I) 100 %
2|14 75T (E))]

where

X; if the equivalent-homegeneous atomic fraction of element i;

A, ip the XPS peak area.of the selected peak of element i;

S; if the averagé-matrix relative sensitivity factor of the selected peak of element i;

T(E) ip the relative response at E;

E; if tHekinetic energy of the selected peak of element i;

j is the set of all elements detected in the sample.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Flow charts

A.1 Flow chart for instrument set-up and acquisition of data

A

Standard not applicable

i YES YES
( Start satisfy Fhe geometry )
operating known?
requirements? (5.2.2)
(5.2.1)

instrument

Is (8,¢)

(

Acquire initial survey

Is it reproducible?

YES

. Turn on X-ray source and Prepare LDPE reference Set instrument t
Wait|at least 30 | _ . ; _ . -

hinutes < electron flood source [« material and loadhinto [€¢—required operating mode

’ (6.2.3) instrument«(6.2:2) (6.2.1)
y
. Acquire a Does the noise Unstable fault with
Ddtermine .
W and o noise spectrum have spectrometer
(-:COI' d spectrum an-energy- NO
(6.2.4) dependency?

Stable fault with
spectrometer

Remove [LDPE from SpeCt(r;;lfi)L DPE
instfument
A A
Is(only carbon
detected in Fit energy
initial survey? dependent

function to
noise D

Can the noise
be fitted with
a simple
function?

NO

Acquire high kinetic Acquire final survey
energy spectrum of » spectrum of LDPE
LDPE (6.3.1.2) (6.3.1.3)

Standard not applicable

NOTE1 Point “A” connects to the earlier point “A”.
NOTE 2  Point “B” connects to the flow chart in Figure A.2

Figure A.1 — Flow chart of the instrument set-up and acquisition of the LDPE spectra.
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A.2 Flow chart for inspection of data and determining Q(E)

Export unmodified

spectral data, plot,

overlay, and inspect
(6.3.1.4)

Remove LDPE from

instrument

Is only carbon
detected in

Significant
. § . Data shall
intensity
. not be used
difference , . Stop
for intensity
between . .
calibration
spectra?

A

Divide final
survey by initial

YES

Y

final survey?

Determine electric potential of
LDPE relative to spectrometer q

(6.3.2.1)

Is noise
spectrum
constant
across E?

survey at each £

NO
Is ratio unity.
across E within
noise? (6.3.1.4

Calculate average count rate
(6.3.2.2)

of noise D

Determine C(E) at

NO | UseD(E) from 6.2.4 where\E.= K — q
g (Table B.1)
Calculate R(E) with| C;lzlc:rllztt;S(%E;)v\siI&h | Kinetic energies
s N ; :
F4 (6.3.2.4) F3 (FigD.2) listed in Table B.1

(6.3.2.3)

Calculate Q(E) with

Y

Calculate arithmetic

F5 and gy (E) with
F6 (6.3.2.5)

mean of all g (E),
o, (6.3.2.6)

Plot Q(E) £ 209 and
inspect graph for
inconsistencies

Dat

not used for
intd
calib

shall

nsity
ration

Can the
inconsistencies
in Q(E) be
corrected?

YES

(7.2.1 and Fig D.3)

correct

[nvestigate
cause and

Are there
inconsistencies

in Q(E)?

y

(s

\4
fop >

NOTE 1

NOTE 2

h S h LI
mrterporate ()

using F7, F8, F9, and
F10 (7.2.2.1)

h h LI
EXtraporate ()

Y

(7.2.2.2.1and
7.2.2.2.2)

=0

Point “A” connects to the flow chart in Figure A.1

Point “C” connects to the flow chart in Figure A.3

Figure A.2 — Flow chart for the inspection of LDPE spectra and the process of determining Q(E)
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A.3 Flow chart for fitting Q(E) to obtain T(E)

Linear
interpolation or
fitting to achieve
T(E)?

LINEAR Ca}lculate us.ing linear
interpolation (see
7.2.3.2 and Fig D.4A)

A 4

Figure'A.3 — Flow chart for the process of fitting Q(E) to obtain T(E)

FITTING
ELSE \ 4
S¢lect a continuous Calculate error in
differ¢ntiable function T (E) relative response oy
to fit yalues of Q(E) (7.2.3.3 using F17 (7.2.4)
and C.1) Use different OR
functional form|«
of T
v \ 4
Caldulate the root mean Report T(E) + or _’<
squdre error X using F16 vy
(7.2.33) Try different
initial values of| , OR
Y M independent| Calcul )
parameters alcu ate error in
1 eratively vary M relative response or
independent parameters to using F18 (7.2.4)
mininjise X in T(E) (7.2.3.3) YES -
A 4
Is Q(E)-T(E;)
Plot Q[E;) - T (E;) with error exf:l;esdei:lo Ozro_
Hars 20, (7.2.3.3) 5“9
more than
twice?
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Annex B
(normative)

Table of reference Kinetic energies and intensities for LDPE

B.1 Reference values and geometry corrections

Table B.1 provides a list of kinetic energies and intensity parameters, I and F, for LDPE for use in Formula (4).

It also listd values of LDPE reference intensities, R, for commonly used detection angles with & = 180°.
Reference iptensity values are internally consistent, with a relative error in their ratios of"‘@approximately
2 %.15] The absolute values, which are not important for practical purposes, have a)rélative error of
approximately 10 %.
Table B.1 — List of reference intensity parameters and values
K (eV] I(Iy) F R (Iy) for'detection angle
B = 45° B =547° B=60°
180 6,062 -0,247 6,711 6,387 6,210
212 6,670 -0,199 7,247 6,960 6,802
244 7,976 -0,155 8,513 8,245 8,099
308 3,408 -0,077 3/522 3,465 3,434
340 3,598 -0,043 3,665 3,632 3,613
372 3,806 -0,012 3,826 3,816 3,811
404 4,031 0,015 4,004 4,017 4,025
436 4,271 0,041 4,196 4,233 4,254
468 4,524 0,064 4,398 4,461 4,495
500 4,787 0,086 4,609 4,698 4,746
532 5,056 0,106 4,823 4,939 5,002
564 5,327 0,126 5,037 5,182 5,261
596 5,599 0,145 5,247 5,422 5,518
628 5,868 0,164 5,450 5,658 5,772
660 65133 0,183 5,644 5,888 6,021
692 6,394 0,204 5,829 6,110 6,264
724 6,652 0,225 6,003 6,327 6,504
756 6,911 0,247 6,170 6,540 6,742
788 7,175 0,271 6,331 6,752 6,982
820 7,449 0,297 6,489 6,967 7,229
852 7,738 0,325 6,647 7,191 7,489
884 8,051 0,355 6,810 7,428 7,767
916 8,393 0,388 6,979 7,684 8,070
948 8,771 0,424 7,156 7,961 8,402
980 9,192 0,463 7,343 8,265 8,769
1012 9,661 0,506 7,538 8,596 9,175
1044 10,182 0,553 7,739 8,957 9,623
1076 10,762 0,604 7,941 9,347 10,116
1108 11,403 0,659 8,138 9,766 10,656

© IS0 2024 - All rights reserved
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Table B.1 (continued)

K (eV) I(Iy) F R (Ix) for detection angle 8

B =45° B=54,7° B =60°
1140 12,109 0,720 8,323 10,211 11,243
1268 0,384 0,512 0,298 0,341 0,364
1300 0,399 0,559 0,302 0,350 0,376
1332 0,420 0,610 0,308 0,364 0,394
1364 0,446 0,667 0,317 0,381 0,417
1396 0,478 0,728 0,327 0,402 0,443
1428 0,513 0,795 0,336 0,425 0,473

© IS0 2024 - All rights reserved
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Annex C
(informative)

A fitting curve for relative response

A rational function

A rational function which has been used to describe electron spectrometer response functions is provided

in Formula
conjunctiorf with 7.2.3.3 noting that M = 9. If this formula is employed, the fitting algorithm must
the divisor fis positive throughout the full range of E. It is also worth noting that this functional
fitting, tends to diverge rapidly outside the extended range of Q(E).

4 E !
Yoo £
= =0 1 000

C.1). This tunction can usetully describe most, but not all, response functions and ca

. J
S‘% d. L_l
#~=17{1000

if the relative response function;

5 the analyser kinetic energy in eV;

—-

dre a set of five polynomial coefficients used.as variable fitting parameters, i = 0 to 4;

dre a set of four polynomial coefficients‘used as variable fitting parameters, j = 1 to 4;

h be used in
ensure that
form, after

1)

© IS0 2024 - All rights reserved
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Annex D
(informative)

Examples

D.1 Example of an intensity calibration

Data was acquired from an XPS instrument which has = 60° and & = 180° in accordance with 6.2 and 6.3.

The geomet
survey speq

Key
X  analyse

In Figure D

Y 1.2

0,8

kinetic energy, E (eV)

e = = — = —

100

T T T
700 1000 1300

X

T
400 1600

Y ratio of final to initial counts in spectrum

Figure D.1-— Ratio of first and last survey spectra

ry factor from Formula (1] is g = -0,099 3, see 5.2.2. The ratio between the final and the initial
tra are shown to have no significant difference in Figure D.1, see 6.3.1.4.

1 the data are shown as points and the dashed line is a linear fit which demonstratgs negligible

difference ffrom unity. The~meéan ratio is 0,997 and the slope of the ratio is -6,2x10°¢ eVl which are both

within the 4

A complete
set of signa
of the LDPE

and this has

cceptable lithits defined in 6.3.1.4.

survey seah, compiled as the average of all data and indicating the regions selected t
rates,,S, is shown in Figure D.2. From the peak position of the C 1s peak at E =1 206 ¢V, the value
potential is determined the be g = -5 eV, see 6.3.2.1. The noise rate was found to b
been subtracted from the raw data, C, see 6.3.2.3.

b obtain the

b D =4,0s1
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160 000

Y
140 000 -

% 2000
1800
1600
1400
1200
1000

800
600 -
400
200

120 000

100 000

80 000

T T
1195 1295 1395 1495

60 000 - X

Key

X analyse

In Figure D
circles. The

shows the d

The regiong
using Form

40 000

20 000

ocoano-n
N

T T T
100 400 700 1000 1300 1600

X

kinetic energy, E (eV) Y signalrate; S (s'1)

Figure D.2 — The spectruin of clean LDPE

.2 the data are shown as a solid line. Positions used for intensity calibration are i
inset is an expansion to show the highkinetic energy region which has low intensit

shown in Figure D.2 are used to-obtain values of S. The reference intensities, R, ar
1la (4), see 6.3.2.4. The valuesiof the throughput, Q, are calculated from S and R using |

see 6.3.2.5,
mean value
with 7.2.1 i

and Formula (6) is used fo)obtain the standard uncertainty of the relative through
of o, was determined to'be 16,6 IX‘1s‘1, see 6.3.2.6. The values of Q are plotted, in
1 Figure D.3 b) along{with the final, fitted function of T for comparison. There are ng

that appear]

a) shows thle result if § = 5Q0%is erroneously used and Figure D.3 c) shows the result if § = 70°

discontinui

inconsistent. Forinformation and to show the effect of using an incorrect value of g

'y, which manifests as a step in Q at E~ 1 200 eV, is annotated in Figure D.3 a) and c).

ouble-peak structure of the C 2s peak'shape which is characteristic of poly(ethylene).

hdicated by
y. The inset

b calculated
formula (5),
put, 0. The
accordance
values of Q

, Figure D.3
s used. The
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