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Foreword

ISO (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 wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting:Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10810 was prepared by Technical Committee ISO/TC 201, Surface chemical analysis, Subcommnittee
SC 7, X-ray photoelectron spectroscopy.
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https://standardsiso.com/api/?name=e9c9048630412e54dcacb1178e3a59a9

ISO 10810:2010(E)

Introduction

X-ray photoelectron spectroscopy (XPS) is used extensively for the surface analysis of materials. Elements in
the sample (with the exception of hydrogen and helium) are identified from comparisons of the measured binding
energies of their core levels with tabulations of those energies for the different elements. Their chemical states
may be determined from shifts in peak positions and other parameters compared with the data for that element

in its
inten

surfage layer studied may then be made using formulae and relative-sensitivity factors. pro
specfrometer manufacturer or locally measured relative-sensitivity factors and appropriate software.

This

mearjingful analyses from typical samples.

© IS0

ities of photoelectron peaks. Calculation of the quantities of the constituent chemical species

guidance document is intended to aid the operator of X-ray photoelectron spectrometers to ol

he measured
bresent in the
ided by the

tain efficient,
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Surface chemical analysis — X-ray photoelectron spectroscopy —
Guidelines for analysis

1
This

of typical samples. It takes the operator through the analysis from the handling of the sample and t

and

quantification and on preparation of the final report.

2
The

refergnces only the cited edition applies. For undated references, the latest edition of th
document (together with any amendments) applies.

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO

speciroscopy

3

For the purposes of this International Standard, the terms and definitions given in ISO 18115-1 ap

4
AES

ARXIPS angle-resolvedXsray photoelectron spectroscopy
CCQM consultativescommittee for amount of substance

CRM certified-reference material

EAL
FAT

Scope

nternational Standard is intended to aid the operators of X-ray photoelectron spectrometers in

betting-up of the spectrometer to the acquisition of wide and narrow scans and-also givg

Normative references

following referenced documents are indispensible for the application of this documen

1

8115-1, Surface chemical analysis — Vocabulary*— Part 1: General terms and ten

Terms and definitions

$ymbols and abbreviations

Auger electron spectroscopy

effective attenuation length

fixed analyser transmission

their analysis
he calibration
ps advice on

. For dated
b referenced

Ims used in

ply.

FRR fixed retard ratio
FWHM  full width at half maximum

IERF intensity/energy response function

NIST National Institute of Standards and Technology

NPL National Physical Laboratory
RM reference material

RSD residual standard deviation
S/N signal-to-noise ratio
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https://standardsiso.com/api/?name=e9c9048630412e54dcacb1178e3a59a9

ISO 10810:2010(E)

XPS X-ray photoelectron spectroscopy

A4 difference between the measured and reference energies for Au 4f;/,
A difference between the measured and reference energies for Cu 2p3),
5 Overview of sample analysis

Figure 1 is a flow chart illustrating the analysis of a typical sample by XPS. A preliminary consultation with the
supplier of the sample should be used to ensure that the sample is supplied in the form most appropriate for
analysis. 1SO 18117121 explains the issues involved with prior handling by the supplier and also gives

information
identify any
discussions {
reviewing wh
ISO 18117[2]
Following thd
spectromete
how to do t
calibration st
is given in IS

Once the sp
can commer
present. ISO
can provide
species. Thi
However, in
identified in
information,
investigation
irradiation or
data, the ang

articular problems likely to arise. Table 1 provides a list of example problems. Prior to any
thould be held between the analyst and the customer to gain as much information as_possil

Table 2 indicates information that will assist in deciding how to conduct the ' XPS ana
bse preliminary discussions, the sample(s) may need to be prepared to allew>mounting i
and to reduce, where possible, the subsequent analysis time. ISO 18116 provides deta
nis. The analyst will be responsible for the instrument characterization, ‘which will includ
ate and the overall performance of the XPS instrument. A guide to calibration of the energy
O 15472[14]1. Checks for the intensity scale are given in 1ISO 24237and 1SO 21270[18l,

ecimen has been mounted in the spectrometer and the system<pumped down, data acqui
ce. A wide scan should be obtained first and this then analysed to determine the eler]
16243[31] provides information on recording and reporting:data in XPS. The wide-scan spe
Hualitative and semi-quantitative information regarding ‘€emposition and the depth distribut
5 may yield sufficient information to satisfy the custemer and the analysis may be termir
most cases, more data are required and narrow-s¢an spectra will then be recorded from re
the wide-scan spectrum. Analysis of these narrow-scan spectra will provide chemical
more accurate quantitative information and near-surface depth information. At a later time
the wide scan should be repeated to determine if there has been degradation (e.g. due to
to surface reactions with ambient gases in-the vacuum system). Following evaluation of the
lyst should produce a report.

Table 1 — Problems likely to arise and related ISO standards

Problem Example ISO Standard
Outgassing Water vapour ISO 18116
Degradation Polymers and organics
Charging Insulators ISO 19318[28]
Reduction Oxides
Contaminant mobility Chlorine
Sample containment Powders ISO 18116
Surface topography Fibres

also
work,
le by

at is already known regarding the sample and its history. In addition to the information lisfed in

lysis.
n the
ils of
e the
scale

sition
nents
ctrum
on of
ated.
gions
state
n the
X-ray
XPS

Table 2 — Sample information and history

Sample information and history

Thermal

Contamination

Possible composition

Segregation

Surface layer

Homogeneous

Islands
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Types (6.3)
Specimen characterization Form (6.2)
Handling (6.4)
Checks (7.2)
Instrument characterization Calibration (7.3)
Set-up (7.4) /
Data
(8.1)
acquisition |
Wide scan
Data I
(8.2)
analysis
Data
(9.2)
acquisition |
Narrow scan I
Data
. (9.3)
analysis

/ Testreport

(Clause 1n\\
{otadse—+

Figure 1 — Flow chart of an XPS analysis
(The numbers in brackets indicate the respective subclauses in this International Standard.)
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6 Specimen characterization

6.1 General

The complexity of the interacting factors in XPS analyses arises from the many different forms of specimen
materials and the variety of material types that may be encountered as well as from the different XPS
experiments that might be required. Table 3 illustrates possible specimen forms, material types, and XPS
experiments or issues for further review. The analyst should also be aware that samples can consist of
multiple components and phases, and that identification of the components and phases present (and their
spatial arrangements) can be an important part of an XPS analysis. A further complication is that non-
conducting samples may charge.

Table 3 — Some specimen forms, material types, in situ specimen treatments

and possible XPS experiments

Specimgn forms

Material types

In situ specimen treatments

XPS experiment$

Adsorbed laygrs (6.2.3)

Alloy (6.3.2)

Cooling (6.5.2)

Angle-resolved XPS

Amorphous Biological (6.3.9) Degradation Analysis area (small)
Fibres (6.2.8 Catalyst (6.3.7) Deposit thin films Analysis area (large)
Films (6.2.3) Ceramic (6.3.6) Expose to high gas pressure (6.5.5) | Depth profile
Interface (6.2.4) Composite Fracture (6.5.3) Imaging

Internal interface (6.2.9) [ Glass (6.3.8) Heating (6.5.2) Line scan

Liquid

Insulator (6.3.8)

Insert into liguids (6.5.5)

Multilayered

6.2.4)

Magnetic metal (6.3.5)

lon bombardment (6.5.4)

Nano-materigl

Metal (6.3.2)

Scraping (6.5.3)

Non-porous (6.2.5)

Non-metal (pure) element

Pattern system

Polymer (6.3.3)

Polycrystal Semiconductor (6:3:4)
Porous (6.2.4) Textile

Powder (6.2.7)

Residue (6.2)3)

Segregated layer (6.2.3)

Single crysta

(6.2.2)

Solid

Textile (6.2.8

Contamination

6.2 Specimen forms

6.2.1

General

The form of the specimen to be analysed will strongly dictate the kinds of experimental approach that can and
need to be employed.

© 1SO 2010 — All rights reserved
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6.2.2 Single crystal

This type of sample should have a flat surface. Quantitative analyses will generally be difficult because of
anisotropies in the angular distributions of the photoemitted electrons due to electron diffraction or to forward-
focussing effectsl3l4]. These anisotropies are nevertheless useful in determining the structural properties of
the sample.

6.2.3 Adsorbed or segregated layers, films and residues

It should, in general, be possible to obtain a quantitative analysis and chemical-state information for adsorbed
or segregated layers, films and residuesl®l6l. If the substrate is a single crystal, however, quantitative
analyses will generally be difficult, but the angular distributions of the photoemitted electrons can give useful
strucjural informationl3l. Angle-resolved XPS (ARXPS), as described in 9.3.3, will enable the layef thickness to
be determined, provided the layer thickness does not exceed around three times the gffective attenuation
length (EAL) of the substrate peak. This will be of progressively lower accuracy for filmsabove one EAL in
thickmess.

6.2.4 Interfaces and multilayered samples

putter depth profiling should permit the depth distribution and thickness’of the layers to bg determined,

her with a semi-quantitative analysis of the layers, as described in 9:3:3.

lon s
toget
6.2.5| Non-porous

A quantitative analysis together with chemical-state informatioh-can be obtained.

6.2.6/ Porous

Only [a semi-quantitative analysis may be possible-since the sample will have a rough surface.

6.2.7| Powder

Mount the sample by embedding in a suitable matrix. In many cases, indium proves sufficiently spft to be able

ample but be
bsive tape is

Cept the powder without particles falling off. Then treat the composite sample as a porous s
to remember to subtract the)indium peaks. Double-sided, carbon-loaded, conductive adh
ery suitable as a mounting/material.

to ac
sure
also

6.2.8| Fibres and textiles

For flbre analysis{the” alignment of the fibres relative to the X-ray source may be an important factor. The

diam
If pog
gene
inforr

pter of the fibre relative to the diameter of the analysis area will also affect the ability to quar
sible, mount several fibres in a bundle to increase the surface area. However, a quantitative
rally, not be possible with many manufacturers' software systems, although some c
hation'can be obtained. Under certain conditions, it is possible to analyse one monofibre, ug

ion

tify the data.
analysis will
nemical-state
ing a coaxial

un-to conduct a sputter depth profile or, if there is sufficient spatial resolution in relatior]

to the fibre

diameter, ARXPS may be conducted around the circumference.

6.2.9

Internal interface

An internal interface can be analysed using ARXPS, as described in 9.3.3, bearing in mind the depth limit of
around three times the EAL discussed in 6.2.3. To analyse a weak or brittle internal interface that occurs at
greater depths, it is generally necessary to first expose the interface in the ultra-high vacuum by use of
fracture stages, etc. For other internal interfaces, one of the forms of depth profiling described in
ISO/TR 15969[21] may prove effective.

© 1SO 2010 — All rights reserved
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ial types

General

For different materials, there are various consequences for an XPS experiment that may need to be
considered. For example, problems may arise when analysing magnetic, radioactive and outgassing samples.

6.3.2 Meta

Is and alloys

With specimens in this category, there should be minimal surface charging, but there may be a surface oxide
film together_with a high level of carbon contamination. In general, there should be no need for su

treatment pr
remove any

rface

or to analysis. However, in many cases in situ ion sputtering is carried out prior to analy.
bxide/contaminant overlayer.

6.3.3 Polymers

It may be di

analysis, ady

should conta

6.3.4 Semi

There shoulq
contaminatio

6.3.5 Magr

Take care W

fficult to achieve the desired vacuum with this category of sample due to eutgassing. O
entitious carbon and possibly sample charging and sample degradationimay occur. The sg
n intense peaks from C, O and N, possibly also from F, Cl and S.

conductors

h. However, expect to see a surface oxide.

etic materials

hen handling magnetic materials. First demagnetize them, if possible, and analyse with

magnetic immersion lens switched off. A magnetized sample will affect the performance of a magnetic le

a way which
also lead to
similar to tha

6.3.6 Cera

Sintered or
sufficiently Ig
source or o
moderate leV

6.3.7 Catal

These samp
when handlin

will depend on the kinetic energy of thé.electrons being analysed. A magnetized sample
changes in a measured spectrum that-depend on the electron energy. Expect the analysis
f for metals and alloys.

mics
borous ceramics may,.outgas and it may be difficult to evacuate the chamber to a pre
w for XPS analysis~A-threshold pressure may be set by the manufacturer to protect the

her instrumental -items. There may be significant surface charging and one should e
els of surface carbon contamination.

ysts

es may-behave in a similar way to ceramics, and there may be health and safety considerz
ol

5is to

uring
ectra

be minimal surface charging with these specimens and there should be low levels of carbon

any
nsin
may
to be

ssure
X-ray
Xpect

tions

6.3.8 Glass and insulators

These samples may be analysed but will charge, and the use of an electron flood gun with or without a low-

energy positi

ve-ion flood may be necessary to reduce the effect of charging.

6.3.9 Biological

These samples may outgas in the spectrometer and suffer degradation due to either the vacuum environment
or the X-ray flux or both.

© 1SO 2010 — All rights reserved
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Handling and mounting of specimens

Guidelines for the preparation and mounting of specimens for analysis are given in 1SO 18116l' and
ISO 18117[2], and general information on specimen handling is also available in two books (see
References [5] and [7]).

6.5 Specimen treatments

6.5.1 General

There_are many in situ treatments available to the analyst to obtain relevant data. Surface layers may be
sputtered away using gas and/or liquid-metal ions, but these may, in turn, modify the surface\lby implanting

ions
layer
stagsg

6.5.2

Many
nitrog
temp
resisf

6.5.3

A fre
imple
at roq

6.5.4

lon b
or cly
sputt

6.5.5

Chan
6.5.2
evac
be re
via a

and by preferential sputtering of elements. Motion transfer devices fitted with knives, etcy p
5 to be removed without exposing the underlying layer to atmospheric pressure. Heating
s allow the sample temperature to be modified. Fracture stages allow internal interfaces to b

Heating and cooling

XPS spectrometers are equipped with heating and cooling stages. Coeling is achieved by f
en through a conducting metal block, although it is rarely possible to reach 77 K a
bratures of 100 K are more realistic, while heating may be achieved by passing a curre
ive coil, by shining an infra-red lamp onto the sample or by using a hot liquid in the cooling s

Scraping and fracture
sh surface of a material can be produced either by temoving layers from the surface u

m, or a reduced, temperature. The cooling will@nhance the brittleness of many samples.

lon bombardment for analysing thin films

pmbardment is usually with argongiohs, although other inert-gas ions, liquid-metal ions (sugj
ster ions (such as Cgn*) can be-used to remove surface layers from the sample. Howeve
bring may result in an analysed\surface that is not representative of the original sample.

Exposure to gases.and’liquids

nbers with interloegks.ffom the analytical chamber can be used to expose a clean surface p
to 6.5.4 to highypressure gases and to liquids over a range of temperatures. The cha
hated and the sample transferred back to the analytical chamber for analysis. Alternatively,

moved fromthe system into a pumped transfer module for treatment in other equipment bef
similar_route.

7 |

71

I tel terization

General

ermit surface
and cooling
e exposed.

assing liquid
nd minimum
nt through a
tage.

sing a sharp

ment attached to a transfer device with lateral movement or by cleavage using an impact fracture device

h as gallium)
, preferential

epared as in
mber is then
s5amples may
ore returning

X-ray photoelectron spectrometers are not constructed to a standard design, and each instrument will be
configured to operate most efficiently in a particular mode. The majority of XPS instruments currently
produced will be supplied with an X-ray monochromator. Either by focussing monochromated X-rays or the
emitted electrons, a small analysis area may be defined or the sample imaged with selected photoelectrons.
However, much excellent work is still conducted with simpler instruments that use broad beams of non-
monochromatized X-rays to analyse the sample.

© 1SO 2010 — All rights reserved
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7.2 Instrument checks

7.2.1 System health checkl®

Use of a reference sample of gold, silver and/or copper mounted permanently in the analysis chamber is
convenient for checking the system, but it is also advisable to have a sample of a frequently analysed material
(e.g. a silicon wafer in a semiconductor laboratory). A spectrum recorded from the reference sample will
indicate if the measured energies of the calibrating peaks have drifted. It will also indicate the state of a non-
monochromatized X-ray source by showing the presence of ghost peaks from Cu, Mg or All'0 in the X-ray
anode, suggesting it is nearing the end of its life. In addition, it will indicate, by the presence of a high
background and increased contamination, that the X-ray window is damaged, and monitoring the intensity of

the gold pea
(S/N) ratio w

s will indicate the eftiiciency of the X-ray source and the electron deteciors. |Ihe signal-1o

not always required, and the analyst may need good repeatability rather than the limits of performance -

good signal
level for give
maintained.

7.2.2 MecH

The sample
adjustment o

Tilt needs to
resultin a 1
and Spencer
ARXPS exps¢
surface norn
the system.

evels at modest energy or spatial resolution. The operator should identify the acceptablg
h conditions and regularly monitor the instrument to ensure that this S/N level, or'a better le

anical

s mounted on the sample stage, which may have X, Y and Z movements as well as tilt. P
f the sample height is crucially important when a focussed monoehromatic X-ray source is uj

be determined accurately from the spectrometer axis as an error of 0,3° in a tilt angle at 6(
Yo error in the total film thickness. Methods of calibrating.emission angles are described by
[11] (where errors of 2,6° were found in the nominal settings) and by Kim et al.['2] and Sez
riments may require the sample to be tilted over an‘angular range of, typically, 0° to 60° fro
al. This may not be possible if the sample is large (e.g. a silicon wafer) and cannot be cuf

7.2.3 Sample holder

The sample

should be dg
already have
and the ther
source and/d

7.2.4 Vacu

The vacuum
(liquid-nitrogs
X-ray source
degrade due
The pressur

holder may have facilities for heating*and cooling of the sample. The temperature of the sg
termined by calibration, using,a’ thermocouple or other suitable device. The sample stage
a thermocouple attached, bit-there may be a temperature gradient between the sample sU
mocouple position. The temperature measurement should be made with and without the
r ion sputter gun operating; as adventitious heating may influence the measurements.

um

in the analysis thamber can become degraded for various reasons. The pumps may deter
en traps nottopped up, ion pumps releasing previously pumped gases, etc.), the window ¢
may fail'or components may become heated and outgas. During analysis, the sample|
to heating and, during depth profiling, the sample may react with impurities in the sputtering
b (in, the analysis chamber should be continuously monitored and, if an unusual increa

1

Il vary with energy resolution, spatial resolution and depth resolution. The ultimate performance is

oise

—i.e.
2 S/N
el, is

roper
bed.

° will
Seah
hI131,
m the
to fit

mple

may
rface
X-ray

orate
n the
may
gas.
se in

=
14

" 4 + borld—b
pressure ocCcCufS;—a—mass—Spectrometer—Snotht—be

Head -+ idantifie th Aac—apnaeniac—oracaentin v
UoSTU U IUTTIUTy 1T ydo opLuLILoS  PTTOTTIU 1T Ut

determine if they are likely to react with the specimen.

7.3 Instru

7.3.1 Calib

ment calibration

ration of binding energy scale

er to

XPS is frequently used for the determination and measurement of chemical shifts of elemental photoelectron
and Auger electron lines. Identification of chemical states is based on measurements of peak shifts down to
0,1 eV. It is important that the instrumental binding-energy scale be calibrated to an accuracy of 0,2 eV or
better in order for useful comparisons to be made with published or other reference data. 1SO 15472014l
describes the method for the accurate calibration of energy scales. This should be used with reference
samples of pure gold, silver and copper to enable the calibrations to be made using unmonochromatized Mg

© 1SO 2010 — All rights reserved
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or Al X-rays or monochromatic Al X-rays. It is valid, at the accuracy stated, for binding energies in the range
0 eV to 1040 eV (users normally extend this to the full energy range available, but note that extrapolating a
calibration is significantly more uncertain than interpolating it and so the uncertainty beyond 1040 eV is
unspecified), but is only applicable to instruments fitted with ion guns for specimen cleaning.

Briefly, the method involves ion cleaning of the samples and an initial set of measurements performed once,
followed by a second, simpler, set of measurements performed at regular intervals. In the first set of
measurements, the binding energies of the Cu 2p5,, and Au 4f;, peaks are recorded to obtain the energy
scale calibration. In instruments with unmonochromatized X-ray sources, the Cu L;VV Auger peak energy is
measured and, in instruments with a monochromatized Al X-ray source, the Ag 3d;s,, peak binding energy is
recorded to determine the linearity of the energy scale. In subsequent measurements, the binding energies of

the Au-4f and Cu 2n neaks are recorded-at reaular interyals
f e ob==Pgy PeakSare-recoraeaatregaaiitervans:

Results of the second set of measurements are generally limited by drift, and the operator [should keep
records and prepare a control chart to show when tolerance limits have been reached and the instrument
needp to be brought back into calibration. A typical control chart is shown in Figure 2, where toleraince limits of
+0,2 eV are indicated. An analyst should select tolerance limits based on the needs‘of the analyt|cal work and
the irstrumental capability.

lan Mar May. Jul Sep Nowv X
Key
X calibration date 1 tolerance limits
Y Ay, 44 (eV) 2 warning limits
NOTE The plotted points represent the values 44 and 44, which are the differences between the measured and

reference energies for the Au 4f;;, and Cu 2p3,» peak positions that are determined in each calibration check. These are
shown to illustrate an instrument that has not been recalibrated since the start in January. It was out of calibration for the
first time in July and should have been recalibrated in May, since it has both passed the upper warning limit and reached
the recommended four-month time limit given in 1ISO 15472[14],

Figure 2 — Control chart to monitor the calibration status of an instrument

© 1SO 2010 — All rights reserved 9
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7.3.2 Inten

sity repeatability and intensity/energy response function (IERF)

The composition of the surface of a sample is determined by recording a spectrum and measuring the
intensity of peaks within that spectrum. The composition is then obtained by applying formulae together with
sensitivity factors to the selected peak intensities to give a surface composition. It is important that the
intensity measurements be repeatable and do not vary significantly between spectra, and that any drift with
time be determined. 1SO 2423791 describes a method for determining the repeatability of the intensity over
relatively short periods of time (e.g. ten minutes) and the drift in intensity over much longer periods of time

(e.g. several

months).

The stability of the X-ray source, the detector settings, the sample position and the data-processing methods

all contributert

1S 249227 vy annlina
A=Ay =y vy

o-thao
tO—trC

atic

Al and Mg X
argon ion bo
times. Theseg

The intensity
measuremer
components,
timel'6]. The
at two energi

The intensity
This is essef
calibrating t
repeatability,

ranantalhilifyg Ac N ~annAr oaranda AnA o blo to tinmananhe~
epeatabiity— es-—a-copper-sample-and-is-applicabletounmoneochre
Lray sources and monochromated Al X-rays. In the method, the copper sample is cleanéd
mbardment, and the Cu 2p5,, and Cu 3p peaks (see Figure 3) are measured, in sequence, §

data give the repeatability standard deviations of the peak intensities.

LASAS A-aL

scale of the instrument may drift with time, which will affect the accuracy-6fyany quanti
t. Drift of the instrument scale is caused by factors such as the ageinghof’the spectro
of electronic supplies and of the detector, and thus the instrument dAERF['S] may vary
absolute values of the intensity of the Cu 2p5,, and Cu 3p peaks are used to determine the
es. This does not define the IERF, but is sufficient to indicate if any ¢hanges have occurred.

repeatability and constancy can be tracked using procedures déscribed in ISO 24237 usin
tial for consistent quantification. The UK National Physicalaboratory has devised a syste
he |IERFs of spectrometers[7], which does this as well as diagnosing sample-to-sg
ghosts and cross-talk of the unmonochromated twin-anode X-ray sources, internal scatt

etc., automatically.

using
even

tative
meter

with
IERF

y Cu.
m for
mple
bring,

Y4 Y
800 T T T T T T T 120 T T T T
700 .
100
600 [ .
500 - . 80
400 7 60
300 | i
40
200 .
100 | ] 20
O | | | | | > 0
940 938 [936 934 932 930 928 926 924 X
a) Cu2p,, b) Cu3p
Key
X binding energy (eV)
Y intensity/1 000 counts
Figure 3 — Example spectra using unmonochromated Al X-rays of
a) Cu 2p3;, and b) Cu 3p peaks recorded at 0,1 eV energy intervals
(The upper curve in each case is the recorded data. The smooth sigmoidal curve shows the Shirley
background and the bottom curve shows the peak after subtraction of the Shirley background.)
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7.3.3 Linearity of intensity scale test

The peak intensities are used, with appropriate correction factors, to determine the surface composition.
Non-linearities in the instrument intensity scales can lead to errors in the measured compositions. At
sufficiently low count rates (typically less than 1 Mc/s), the intensity scale is generally linear, but it becomes
progressively non-linear as the count rate increases.

Two methods for measuring the linearity of the intensity scale are given in ISO 21270['8]. The first method
assumes that the spectrometer output is proportional to the X-ray beam flux where the beam flux is capable of
being set at 30 or more approximately equal intervals. The second method applies to instruments where the
beam flux can only be set at less than 30 (e.g. 2) pre-defined levels.

In the first method, the count rate of the Cu L3;VV Auger peak is determined as a function of the)[X-ray flux for
30 onymore increments in the X-ray flux. The quotient of the count rate and the X-ray flux is(plotted against the
meagured count rate. This plot then allows the linearity range to be determined.

In the second method, a wide-scan spectrum of copper or the stainless-steel sample holder is recorded at a
high aind a low X-ray flux. A plot of the quotient of the count rates of the two spectra; for each en¢rgy channel,
versys the count rate for that channel in the high X-ray flux spectrum allows the linearity to bg determined.
Figure 4 shows an example of such a plot. Three horizontal lines have been-drawn, the central one tangential
to thg average intensity ratio for intensities between 1 Mc/s and 4 Mc/s, and the other two to show limits of the
ratio,|here £2,5 %. An analyst should select a tolerance based on the needs of the local work. The example of
Figure 4 indicates that the measured intensities deviate from linearity,by more than 2,5 % only fdr count rates
greater than 6 Mc/s.

Y
L5 I I I ¥ I I I
L “ -
[ ]
35 _
Y | | | | | | |
J
X
0 1 2 3 A 5 6 1 8

Key
X intensity (Mc/s)
Y intensity ratio

Figure 4 — Ratios of measured intensities, corrected for dead time, at emission currents of the X-ray
source of 20 mA and 5 mA, from copper spectra as a function of intensity for the higher emission
current, showing the +2,5 % acceptability limits of divergence from linearity!'°!
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7.3.4 Lateral resolution

Measurement of the composition as a function of position on the sample surface is a frequent requirement in
XPS. The ability of an instrument to determine changes in composition with position is important. The lateral
resolution for XPS measurements, defined in 1ISO 18516[201, depends on the characteristics of either the
incident radiation or the lens-analyser-detector system in the spectrometer. ISO 18516 describes methods for
determining the lateral resolution which involve measurements of the intensity of a selected XPS spectral
feature while a sample with a sharp edge is scanned across the analysis position or a grid is imaged by the
spectrometer. The former method is appropriate if the lateral resolution is expected to be larger than 1 um,
while the latter method is recommended if the lateral resolution is expected to be between 20 nm and 5 um.

7.3.5 Dept

A standard
sputtered-de

determine d¢pth resolution in sputter depth profiling. Its periodic structure, consisting of eight well-dqg

metal/metal
certified for t

(periodicity) and single-layer thickness. Certified thickness values, expressed in units(of mass/area, are

in the secti
extensively
resolution in
http://irmm.jr

nresolutiontz 122

eference material (SRM) is available from NIST[23] which is intended primarily for'¢alib
bth scales and erosion rates in surface analysis of Ni and Cr and which can also,'be us

nterfaces, can be used to obtain accurate calibration at a number of depths. SRM 213
btal Cr and total Ni thickness, single-element layer-to-layer uniformity, Ni and Cr bilayer unifg

bn entitled “Certified Values and Uncertainties” of Reference [23}.-This material has
sed, particularly in AES and XPS, for adjusting sputtering conditions to attain optimum
metal films[2425]. A different CRM of Ta,O5 on Ta is availale [BCR-261T1)] from IRM
C.ec.europa.eu/html/homepage.htm), which can be used to chéck'the depth resolution at the

level of ~1,7

Analysts negd calibrations of sputtered depth and the optimization of sputtering with regard to sg

position, ang
sputtered to
CRM or RM

An alternativ
is described
depth is me
profile, as m
mesh placed

Table 4 giveq

hm at a depth of 96 nm[261127] and where the oxide thickness\is, again, the item certified.

le of incidence, ion type, energy and gas flow rate:“They also need the minimum area
such as Ta,Og, SiO, or SRM 2135¢ can be utilized for these measurements.

e method for the determination of sputterrate, which is a variant of the mechanical-stylus m¢g
in ISO/TR 22335[22]. A copper meshis. placed over the specimen during ion etching an

pasured with the mechanical stylus,/following the ion etching of an aluminium foil with a ¢
over the surface of the aluminium:

a survey of the different@depth-profiling methods.

ating
ed to
fined
5¢c is
rmity
given
been
Hepth
M at
high

mple
o be

be consistent with the depth measurement and depth resolution required. A Faraday cup @nd a

thod,
d the

bsured using a mechanical-stylus_profiler following etching. Figure 5 shows the topographical

ppper

1)

users of this International Standard and does not constitute an endorsement by ISO of this reference material.

12

BCR-261T is an example of a suitable CRM available commercially. This information is given for the convenience of
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a) 2000 pm traceabc
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1
2

b) Higher-magnification traced

grid mesh bar positions
foil position

@  The nonssputtered areas at both edges of the grid mesh shadowed by the aluminium foil and the non-upiformity of the

crater|are.clear.

b |ftheanatysis area covers SeverarmesTopenings, the average Tate 15 determined as described iSOy

'R 22335[22],

¢ Points 1 and 2 denote the ion-sputtering-shadowed areas due to the mesh bars and the aluminium foil, respectively.
d  The sputtered depth for the analysed area is determined by averaging the depth at both sides of the mesh opening.

Figure 5 — Examples of stylus profilometer traces after sputtering
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Table 4 — Survey of typical applications and uncertainties of the different methods of depth profiling
(taken from ISO/TR 15969(21])

Subclause T i Typical application Uncertainty
in ISO/TR | Method/technique ype: Depth range
15969:2001 test (nm) Material/remarks nm %
44.2 Stylus ND 100 to 10 000 Hard 1to5
. AFM ND 2 to 700 Hard 2
Optical ND 200 to 5 000 Polished, reflective 10 02to5
413 interferometry
Confocal laser ND 10 to 500 000 Non-transparent 10 2
422 RM 2 to 500 — 2
Angle lapping D 100 to 50 000 Hard 1195
Crater edge D 20 to 10 000 — 1 to]10
4231 20
Ball cratering D 500 to 50 000 | 1ard: layered structures; | _(dependson | 5,4,
thick films interface
roughness)
Cross-sectional TEM D 10 to 1 000 — 0,2 1
4232 Change in atomic
Cross-sectional SEM D 10 to 300 000 | number; contamination 5t010 2
problems
4233 RBS ND 100 to 30 000 — 5to 20 5 to|20
4234 EPMA and EDS ND 5to 1000 — 2to 20 5
4.2.3.5 IXRF ND 100 to 100 000 — 10 to 10 000 1
4.2.3.6 GIXRF ND 1to 1 000 — 0,1 1
i ND 1to0§ Non-transparent 0,1to1 1
4237 Ellipsometry
10,10 000 Transparent 0,1to1 1
4238 Chemical analysis D 10-to 100 000 — 1t0 10 5 to|10
@  ND = non-flestructive; D = destructive.
7.3.6 Charge correction
Non-conducting samples.and conducting samples with a non-conducting surface layer will charge undgr the
X-ray flux repulting in{peak shifts relative to the uncharged state. This may cause problems in deternining
binding energies with>the accuracy required for element-state determination and, particularly, for chemical-

state determ
be taken to

effects of si

ISO 19318[28] describes methods of charge control and charge correction to be included in reports of XPS
measurements.

7.4 Instru

7.41

ment set-up

Optimum settings

There is a trade-off between sensitivity and energy resolution (the highest energy resolution may not be
required and a lower energy resolution may give the greater accuracy or precision, depending on
requirements). For chemical-state determination, a high energy resolution is needed (e.g. 0,1 eV), but such
resolution is not always required for other work. For quantification, a medium energy resolution (e.g. 0,5 eV) is

satisfactory, but for detectability a poorer resolution (e.g. >0,5 eV) may be sufficient.

14
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System configuration

The system configuration will be different for different basic types of experiment, such as the survey scan,
which will be set for low energy resolution and high sensitivity compared with the narrow scan, when settings
for high energy resolution but lower sensitivity will be used. When detecting low concentration levels of
elements, an intense X-ray flux will be combined with a low energy resolution to give the highest sensitivity.
However, if the sample is likely to degrade, then the lowest X-ray flux must be used. When investigating
insulators, where sample charging may be severe, an electron flood gun may be required, and, for samples
where an Auger parameter needs to be determined, there is generally the need for bremsstrahlung radiation

to be

available to ionize the deeper core levels required for the Auger peaks.

8.1.1

The

prese
inforn
inforn
spect
held

8.1.2

The fnain task of the survey scan is to detect all peaks in the most time-efficient manner and to

poss
photd

8.1.3

The
poter
shou
(quar
can i
(FAT
inten
the p

The wide-scan spectrum

Data acquisition

General

wide scan is the first spectrum to be recorded from the sample. It is-used to identify all
nt on the sample surface (except H and He) and to provide an appfoximate quantification,
nation on sample homogeneity, etc. By acquisition of spectra with~-multiple sweeps, it can
nation on sample degradation as a function of time. The steps required in obtaining th

n 2002 to develop recommendations for a future expert system for XPS[291,

Energy resolution

bly adverse impact of chemical shifts on peak recognition. An energy width (FWHM) for
electron peak of <2 eV is recommended.

Energy range, step size and acquisition mode
ange of measured binding enérgies must be wide enough to include the Cy | Auger pe

d have a sufficient number of steps to obtain peak areas. Software packages such
titative analysis of surfacé by electron spectroscopy)?2), developed by Tougaard(30l, and oth
hen be used to obtai a quantitative analysis. A step size of ~0,4 eV in the fixed analyser

mode should -be)used[?l. Multiple scans permit the observation of any drift in peak
ity with timeTherefore, use repeat scans to check for drifts or to pass an S/N criterion, t
Feviously set:maximum number of scans, if necessary (see Reference [31]).

Charge correction

rum are shown in the flow chart in Figure 6. More details ¢an*be found in the summary of

tially valuable peaks. This range should be 1 150 eV for Mg Ka. and 1 350 eV for Al Kq

he elements
together with
also provide
e wide-scan
a workshop

minimize the
the Ag 3ds,

bk and other
X-rays and
as QUASES
er algorithms
transmission
position and
erminating at

of inference

rulesl32] and set the C1s peak posmon to reference values of 284 8 eV or 285 eV, but remembering to be

consi

istent and only use one value throughout.

Should the C1s peak not be accessible, then attempt to use the O1s peak, which should be set to 530 eV.

2)

QUASES is an example of a suitable software package available commercially. This information is given for the

convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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User defines:
-instrument flag set

oxide)

fibre)

-sample type (e.g. polymer,

-sample form (e.g. flat, powder,

~N

Revise
expected
elements

No

Match with
expected?

Flag element table
(shifts)

Model composition
Model structure

Correctffor transmission

functio

Calibrate
on C1s?

Set up peak table

Check gatellites/ghosts

Proceed with
caution; there
may be an
arbitrary
energy shift

8.2 Data arnalysis

Enter expected elements \ Background Is structure
Select binding-energy removal consistent?
reference (Strirtey) .
- ; J -
e A
Peak intensities
Default: FAT No and
g’:\?\r/ezt:ﬁtion trial composition Use twojangles?
Carbon overlayer
Mg: 0 to 1]150 eV y
Al: 0 to 1 $50 eV Yes
- J

Repeat
scan test
for stability, signal-to-noise
ratio and
convergence?

Yes

For element peak:
-symmetry test
-chemical shift/line width

yoS

Compare with library

.

Set narrow-scan
defaults and go

Display report:
-trial composition

-contamination thickness
-corrected composition
-corrected structure

Figure 6 — Steps required to obtain a wide scan

8.2.1 Peak identification and labelling

Peak identification is most important. It forms the basis for all real-time data processing. All peaks should be
labelled and the analyst should do the following:

a) Use pattern recognition. All elements have a number of peaks with specific binding energies and
intensities which form an easily recognizable pattern. Identifying these patterns aids peak identification.

b) Include positions of any elements being sought.

c) Note positions of weak peaks due to photoelectrons excited by Cu La, O Ka and Mg/Al Ko X-rays from
the X-ray source anode. These are peaks excited by X-rays from the second X-ray anode, if present, or
from fluorescence X-rays from the window.

16
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Peak intensity

Determine the peak intensity from the peak area after first removing the background. The Shirleyl33]
background can often be used, but it should be noted that the start and end positions are element-specific. A
look-up table is necessary and may be provided with the instrumental software. The Shirley background
should revert to a linear background if the background level on the high-binding-energy side of the peak is
lower than that on the low-binding-energy side. The operator is referred to two documents: ISO/TR 18392(3]

and |

8.2.3

Tabu
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energ

the r¢sults of the fits together with any measures of fit quality and estimates of uncerfainties in fit |
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8.2.6
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SO 20903341,

Element-specific data

ate all needed data. Such data may include peak posilions, peak intensities, photoioni
bns or relative-sensitivity factors, EALs, positions of satellite peaks, background type. an
mentation, chemical shifts, peak overlaps, useful Auger peaks, Auger parametersS_and
y-loss peaks. If peak-fitting or spectrum-fitting was used, record the equations-utilized,
y range over which fits were made, the number of peaks fitted, any constraints in,peak par

Assessment and utilization of peak intensities[34]

s there are reasons to believe otherwise (e.g. for analysts who know that their sample

er of layers, each of about 2 nm thickness, as in the semiconductor and magnetic-media

ce a table of atomic-percent composition, based on a hemogeneous model. Decide, b
n intensity, whether a carbonaceous overlayer is present and, if so, determine its thickn
ratios of the main constituents (high-kinetic-energy peaks from below the overlayer will
intense than low-kinetic-energy peaks). A rule base developed by Castle[32] for the study of
S5ion studies may be useful for other applications.

Assessment and utilization of background!2°

ositions and distribution of composition with depth (for example, subsurface peaks will
ground on the low-kinetic-energy Side of the peak relative to surface peaks). Where possg
nard softwarel30] (or other suitable simulation software) with the major peaks of all elementg

30 eV of the peak of interest).

Assessment of wide-scan spectrum

bare the measured wide-scan spectrum with previously measured spectra obtained wi
rial (if available) or with spectra in publications and remote spectral libraries to en
fication. Jt-may be helpful to develop standard library formats for spectrum storage to ass
ompare-gperations.

ation cross-
d method of
positions of
the binding-
ameters, and
barameters.
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bpplications),
ased on the
ess from the
be relatively
overlayers in

nelastic background shape and intensity ‘relative to a peak gives information on the surface/substrate
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st in search-

© IS0

2010 — All rights reserved

17


https://standardsiso.com/api/?name=e9c9048630412e54dcacb1178e3a59a9

ISO 10810:2010(E)

9 The narrow scan

9.1 General

Following acquisition and analysis of the wide-scan spectrum, regions that require a narrow scan should be
identified.

9.2 Data acquisition

9.2.1 Instrument settings

The user should ensure that they are using the appropriate fixed retard ratio (FRR) or fixed analyser
transmission|(FAT) mode with retard ratio or pass energy and slit settings.

NOTE FRR may have advantages for Auger electron spectroscopy.

The step siz¢ should be set so that it is compatible with the anticipated FWHM of the peaKs\under study |n the
narrow-scan [region (generally at least 10 points per eV).

Protocols foll estimating the appropriate acquisition time are given in terms of signal to noisel36l and|as a
strategy for pest practicel37]. The strategy for best practice requires a wide Scan or some other primary
knowledge to be obtained first in order to determine the dwell times to be<sed for the subsequent narrow
scans.

9.2.2 Choice of region

Always record the C1s and the O1s region, together with regions incorporating the most intense coretlevel
peaks detected on the wide-scan survey spectrum, and, where\possible, avoid overlapping peaks.

Should Augdr parameters be required for chemical-state~information, an Auger peak should be recorded in
addition to plotoelectron peaks from each element.

9.3 Data analysis

9.3.1 Elemeent identification

Identify elements responsible for photoélectron and Auger electron peaks using published data tabulations!5I[]
and XPS handbooks[38l39140] published spectral#1l42] or the NIST XPS databasel43].

9.3.2 Chemical-state identification

9.3.2.1 Methods of.identifying chemical state[44]

Consider pepk.‘positions, chemical shifts, lineshapes, energy-loss peaks, satellites and the valence{band
spectrum. Egtimate a rough composition from the measured peak intensities (assuming the sample o be
homogeneous). Use a database of chemical shifts of photoelectron lines, Auger electron lines and Auger
parameters, as appropriate, to interpret the peak energies. Such a database is available from NISTI43],
Compare the measured spectrum with linear combinations of reference spectra for elements and compounds
containing the detected elements, using libraries of spectra or local measurements under the same
measurement conditions as used in the analysis (and modifications of the reference spectra where necessary

to account for any difference in measurement conditions). The reader is directed to currently available
reference spectral381[391[40][41][42][43][45],
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a)

b)
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Assessment of compositional inhomogeneities in the samplel[34]
Methods of identifying possible lateral compositional inhomogeneities:
Use imaging XPS, if available, or translate the sample across the analyser field of view.

Methods of identifying possible compositional inhomogeneities with depth:

Tilt the sample to obtain XPS data for two widely separated emission angles.
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9.3.3

9.3.3

a)

b)

Compare two peak intensities from the same element at widely separated energies, making use of the

nergy dependence of the electron effective attenuation length.

(Observe the background following each peak. The peak with the highest background is.usua
¢lement deepest in the sample, and that with the lowest background is usually on thersurfacs

These approaches are useful only if compositional inhomogeneities occur over depths up to t
for the measurements(47].

matively, remove surface layers (by sputtering, chemical processes, etc.).

3  Estimation and assessment of trial sample composition

the measured peak intensities, estimate the composition~for an identified phase. Is th
osition close to that expected for the sample (e.g. if the bulk‘eomposition is “known”)? Cons|
ated composition implies for chemical shifts (of photoelectron lines, Auger lines and Auger
ites, energy-loss features and the valence-band spectrum. Compare measured spectra W

e same instrument or obtained from handbooks or\databases). Is only one compound preser

4  Consideration of possibility of multiple compounds in sample

Itiple compounds are expected or-suspected, examine the chemical shifts for vari
%iometries and check for the presence*of satellites. Compare the measured spectrum with re
own compounds, where available“(or make measurements locally of suspected compoung
ner the measured spectrum .sta linear combination of spectra for expected or suspected
brget factor analysis[48]) and determine the percentages of each phase [although this approg
if there are different distributions of phases with position (e.g. depth)]. Consider possible
res of components to produce either a single homogeneous phase (e.g. a polymer blend) o
bs. |s the measured-spectrum a linear combination of spectra for separate phases? This tg

factory unless there is the possibility of surface segregation or some other variation of com

Quantification

1-"“Measurement of peak intensities[34]

lly that of the
[46]

he information

is estimated
der what the
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ra for known compounds, where available (the reference spectra may have been measure¢d previously

t?

bus possible
ference data
s). Consider
compounds
ch will break
solutions or
a mixture of
st should be
position with

Intensity measurement for a single peak (single chemical state of an element):

For peak intensity measurements for a series of spectra for similar samples, or for depth p

rofiles where

the composition is not varying rapidly with depth, the Shirley background[331(35] can be subtracted in order
to determine the area of the “main” peak[34l35] It is useful to apply the Tougaard algorithmsl491(50] as

quick checks to determine whether the sample is homogeneous with depth.

Intensity measurements for overlapping peaks (multiple chemical states of an element or multiple

elements):

Here peak-fits are required using curve-fitting software and analytic functions believed from experience to
represent component lineshapes for the local measurement conditions. Be aware of correlated

uncertainties in peak parameters derived from fits to overlapping peaks[511(52],
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9.3.3.2

Measurement of composition for an identified phase (homogeneous sample)

There are several approaches of varying accuracy.

a)

b)

To give an approximate composition:

The instrument will have its own software which will come with built-in sensitivity factors that may be
obtained from the average over many samples but will provide a quantification in most cases. An
assessment of the problems involved with this approach has been given by Seah and Gilmorel53l. This
will be the most convenient method for obtaining a quantification, but may not give the best accuracy.

The operator may make use of relative-sensitivity factors for pure elements obtained from published data

or from
accurac
for matri

To obtai

Average
for peak

Procedu

Med
ord

Con
fact
fact

9.3.3.3

Depth inform

Non-destructive depth profiles are obtained by, ARXPS or by utilizing the EALs of two peaks from the

element that
(e.g. for mea
can be used
analyser or

information i4
resolved XP
embodying t
the interface
determinatio
published an
slope of thd
measuremer

Measurement of composition as a function of depth

measurements made on pure elements in the spectrometer. The results should give imp
but will be approximate since no corrections have been made for different atomic densit
X effects.

h a more accurate composition:

matrix relative-sensitivity factors can be used[®4155]. The accuracy of this approach decre
5 with kinetic energies less than about 150 eV.

re:

sure elemental relative-sensitivity factors for pure elements (€.g> as described in ISO 1811
heck the values supplied with the instrument.

hpute average matrix relative-sensitivity factors from the.product of elemental relative-seng
pbrs and the ratio of specified correction factors for that-element and the corresponding corrg
prs for a hypothetical average matrix with specified material properties.

ation can be obtained in both non-destructive and destructive ways.

are widely separated in energy. This has a depth limit as noted in 6.2.3. How the EAL is
surement of film thickness)-is-described in two papers by Jablonski and Powelll56l57] AR
to determine element distribution as a function of depth by either tilting the sample relative 1
arying the detection angle of the emerging photoelectrons. Parallel-collection methods,
5 collected simultaneously at different angles, improve the collection efficiency. The use of g
5 to determine surface composition has been reviewed by Cumpsonl®8l. The ARCtick sof
nese concepts §§\available from the NPLI®9l. Accurate layer thickness can be determined
s are abrupt,/but the accuracy decreases for broad interfaces. EALs are also used fq
1 of the thickness of overlayer films that are thinner than the information depthl47]. NIST

emission depth distribution factor at a specified depth) and “practical” EALs suitabl
ts-of\overlayer film thickness. The current status of thickness measurements of SiO, has

reviewed in (

oved
es or

bases

8[54])

itivity
bction

same
used
RXPS
o the
vhere
ngle-
ware
when
r the
| has

EAL databasel®0! which supplies theoretically derived values of “local” EALs (derived fromm the

e for
been

LCAOM studies(61162]

Some of the
a)

methods are listed below.

Non-destructive
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Peak shape analysis using a model for near-surface morphology and a model to correct for inelastic
scattering[63164],

Angle-resolved XPS. Many algorithms are available (e.g. Cumpson's ARCtick software available from the
NPL website) for analysis of data. See Cumpson's review!%8] for details and the assumptions made in the
analysis. Elastic scattering limits the range of analysis to emission angles smaller than 60° (from the
surface normal) unless corrections are made. The appropriate EAL should be used[®0l. Nevertheless, it
can be difficult to distinguish different possible composition-versus-depth profilesl65].
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ISO 10810:2010(E)

Diagnostics:

measurements on two lines from the same element at widely separated energies or on the same line
for two different incident X-ray energies;

excitation energy methodl®l67] in which the resulting change in photoelectron energies gives
significantly different EALs.

— NIST has software for the simulation of electron spectra for surface analysis (SESSA)®8] that can be

b)

9.3.3/4

Several approachés-are useful:

a)

b)

© 1SO 2010 — All rights reserved

used to simulate an XPS spectrum for a multi-layered thin-film sample. The XPS spectrum is simulated
for a sample with compositions and film thicknesses believed to be appropriate for the sample of interest.
The simulated spectrum is then compared with a measured spectrum, and the film compositions and
icknesses adjusted as needed to obtain maximum consistency between the measured~apd simulated
pectra. The detailed predictions do not, however, always agree with the experimental dataf®pl.

estructive

epth measurements to depths exceeding a few nanometres require the use of destructive techniques.
ISO/TR 15969[21] describes many of these techniques, from ball cratering ‘and taper sectjoning to ion
puttering. Table 4 is taken from Annex A of ISO/TR 15969:2001 and js\a’survey of typical applications
nd the uncertainties of the different methods. Of these techniques, ‘ball cratering and taper sectioning
re treatments generally applied to the sample prior to mounting in the spectrometer, while ipn sputtering
is the most frequently used in situ destructive profiling technique:

lon sputtering uses either an inert-gas ion (such as argon)/or a liquid-metal ion (such as gallium) to

emove surface layers from the sample while recording spectra. lon sputtering will modify the
f the surface by preferential sputtering of surface atoms and by implanting sputtering
urface. Therefore, it may only be possible to obtain“a semi-quantitative measure of com

composition
ons into the
position with

epth.

he ion beam incident on the sample surface "'may be broad and extend over millimetres or may be
cussed and rastered over an area to produce the required crater. lon sputtering combined with XPS
roduces a signal intensity as a function of sputtering time. The total sputtering time corr¢sponds to a
¢rater depth, and the average sputtering rate is obtained by dividing the crater depth by the sputtering
time. Crater depth measurements)'may be made using a mechanical-stylus method or optical
interferometry. Alternatively, a_certified reference material or reference material with known layer
thickness of Ta,Og on Ta orSiO, on Si may be used to calibrate the sputter rate by defermining the
gputtering time to reach the-Ta/Ta,O5 or Si/SiO, interface. These may be used to optimige the depth
fesolution and also, with.known sputtering-yield datal7%ll71], to provide a depth scale.

Measurement of overlayer-film thickness

Analysis- of relative intensities for a substrate and an overlayer peak at a single emission angle.

Analysis of relative intensities for a substrate and an overlayer peak at multiple emission angles. For data
¢obtained at emission angles between 0° and 60° (with respect to the surface normal), a sirlgle value for
the electron EAL can be usedl®ll5/10VISS] For [arger emission angles, the EAL is a strong function of the
emission angle.

Use of a “correction-factor” function for the depth distribution functionl?2l.
Peak shape analysis using models for the near-surface morphology and inelastic scattering(641(73],

Comparisons of measured and simulated spectra for a thin-film sample, and iteration of film composition
and thickness to obtain maximum consistency of the spectral68l.

It may also be possible to derive film thicknesses from analysis of intensities of two lines from the same
element with widely different energies or from analysis of intensities of a line for two different incident
X-ray energies in which the resulting photoelectron energies are sufficiently different. In both cases, use
is made of the dependence of the EAL on electron energyl60].
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