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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

X-ray photoelectron spectroscopy (XPS) is widely used for the characterization of surfaces of materials.
Elements in the test specimen (with the exception of hydrogen and helium) are identified from
comparisons of the binding energies of their core levels, determined from measured photoelectron
spectra, with tabulations of these binding energies for the various elements. Information on the
chemical state of the detected elements can frequently be obtained from small variations (typically
between 0,1 eV and 10 eV) of the core-level binding energies from the corresponding values for the pure
elements. Reliable determination of chemical shifts often requires that the binding-energy scale of the

XPSi

nstrument be calibrated with an uncertainty that could be as small as 0,1 eV.
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orrection methods).
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e is no universally applicable - method or set of methods for charge control or for chargg
This document specifies-the information to be provided to document the method of ch|

[ibes common methods for charge control and charge correction that can be usef

men (e.g. powder; thin film or thick specimen), the nature of the instrumentation, th
men, and thelextent to which the specimen surface might be modified by a particular

urface potential of an insulating specimen will generally change during an XPS meaS\Ilrement due

racy needed
ng with this

hrge-control

ata (charge-

s, it can be

face, and its
b associated
d,[67] three-
harge build-
men that is
ing because
s, X-rays, or

P correction.
arge control
th. Annex A
ul for many
the type of
e size of the
brocedure.

documeéntidentifies information on methods of charge control or charge correction, o
ded.ifvreports of XPS measurements (e.g. from an analyst to a customer or in publicatig

r both, to be
hns) in order

© ISO

2021 - All rights reserved


https://standardsiso.com/api/?name=e0c126cb093854cc9f5a2b9ca12ebc3a



https://standardsiso.com/api/?name=e0c126cb093854cc9f5a2b9ca12ebc3a

INTERNATIONAL STANDARD

ISO 19318:2021(E)

Surface chemical analysis — X-ray photoelectron
spectroscopy — Reporting of methods used for charge
control and charge correction

1 Scope

This
analy
core
for cl

document specifies the minimum amount of information spectroscopy to be report
rtical results to describe the methods of charge control and charge correction inaneas
level binding energies for insulating specimens by X-ray photoelectron. It als¢ provig
narge control and for charge correction in the measurement of binding energies.

2 Normative references

The
cons
undg

ISO
spect

following documents are referred to in the text in such a way, that some or all of t
Fitutes requirements of this document. For dated references,(only the edition cited
ted references, the latest edition of the referenced document{including any amendme

18115-1, Surface chemical analysis — Vocabulary —:Part 1: General terms and te
roscopy

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 18115-1 apply.
nd [EC maintain terminological databases for use in standardization at the following z

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

EC Electropedia: available-at-http://www.electropedia.org/

ed with the
urements of
les methods

heir content
applies. For
hts) applies.

rms used in

ddresses:

4 $ymbols and abbreviated terms

BE binding energy, in eV

BE_,\- corrected binding energy, in eV

BE | d.s measured binding energy, in eV

BEFEl,llH:db measured hinding energy of a reference material in eV

BE ¢ reference binding energy, in eV

FWHM full width at half maximum amplitude of a peak in the photoelectron spectrum above the
background, in eV

XPS X-ray photoelectron spectroscopy

Ao correction energy to be added to measured binding energies for charge correction, in eV

© IS0 2021 - All rights reserved 1
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5 Apparatus

One or more of the charge-control techniques, also called charge-neutralization techniques, mentioned
in Clause A.2 can be employed in most XPS spectrometers. The XPS instrument shall be operated in
accordance with the manufacturer’s instructions or other documented procedures.

Some of the techniques outlined in Clause A.2 require special apparatus, such as an electron flood gun
or a source for evaporative deposition of gold.

Certain specimen-mounting procedures, such as mounting the specimen under a fine metal mesh[11],
can enhance electrical contact of the specimen with the specimen holder, or reduce the amount of
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References [4] and [5].
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ation of binding-energy scale

-energy scale of the X-ray photoelectron spectrometer shall be calibrated’using ISO 1
ocumented method before application of this document.

£ are

5472

7 Reporting of information related to charge control

7.1 Genepal

Methods commonly used to control the surface potential and”to minimize surface charging are
summarized in Clause A.2. Information on the critical spe¢imen and experimental conditions, as
specified inf 7.2 through 7.7, shall be reported for indjvidual specimens or collections of similar
specimens.

7.2 Information about specimen

7.2.1 Sperimen form

The form of the specimen shall be reported. The physical nature, source, preparation method and
specimen stfucture can influence charging behaviour.[Z]

EXAMPLE 1 | Powder.

EXAMPLE 2 | Thin film spin-cdst on silicon.

EXAMPLE 3 | Macroscopi¢ mineral specimen.

7.2.2 Sperimen dimensions

The size and shape of a specimen can have a significant effect on the extent of specimen chargingl The

shape of the specimen shall be reported together with approximate values of the dimensions of the
specimen or of any relevant specimen features (e.g. particle diameters).

7.2.3 Specimen mounting methods

Specimen mounting and contact with the specimen holder can significantly impact charging[2-> 101, The
method by which a specimen is mounted, including information about special methods used to increase
conductivity or isolate a specimen from ground, shall be reported.

EXAMPLE1 Powder specimen pressed into foil, which was attached to a specimen holder using tape.
EXAMPLE 2 1 ml of contaminated liquid deposited on a silicon substrate and dried prior to analysis.
EXAMPLE 3  Specimen held to specimen holder using conductive adhesive tape of a specified type.

2 © IS0 2021 - All rights reserved
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EXAMPLE4  Corroded specimen held on specimen holder by metal screw.

7.2.4 Specimen treatment prior to or during analysis

The specimen treatment prior to or during analysis shall be reported, including any physical or chemical
treatment that can affect charging of the specimen during XPS measurements.

EXAMPLE1  Gold deposition.
EXAMPLE 2  Ar gas implantation from sputter ion source.

NOTE Such treatment of the specimen can modify the surface composition as well as the electrical
condhctivity, and hence charging, of the surface region.

7.3 | Instrument and operating conditions
The Instrument operating conditions shall be reported, including details of the?
— particular XPS instrument;
Iature of the X-ray source;
— approximate size of the X-ray beam on the specimen surface;
dnalyser pass energy;

— 1Ineasure of energy resolution such as the FWHM of-the silver 3ds,, photoelectron|line for the
gelected operating conditions;

— angle between the specimen normal and the X-ray source;

— Uise or not of a magnetic lens.

7.4 | General method for charge control

The particular instrumental component(s) used for charge control shall be identified.
EXANPLE1  Electron flood guh.

EXANMPLE 2 Electron flo6d gun in combination with an ion gun.

EXANPLE3  Speciméemheating.

EXANPLE 4 Irradiation with ultraviolet light.

EXANPLE 5_s:Veéndor XYZ charge neutralization system.[10]

If th¢ components used are not standard for the XPS instrument, information shall be proyided on the
manuyifacturer or on the relevant design characteristics.

7.5 Reasons for needing charge control and for choosing the particular method for
charge control

The reasons for needing charge control and for choosing a particular method shall be reported.

EXAMPLE1 The portion of the specimen of interest was isolated from ground. Flood gun electrons were
supplied for charge compensation using the standard flood gun for this instrument.

EXAMPLE 2  Experience with similar specimens indicated that differential charging was likely. To obtain good
spectra, these specimens were totally isolated from ground. The application of the combined fluxes of a low-
energy electron flood gun and a low-energy ion flux produced well-resolved peaks.

© IS0 2021 - All rights reserved 3
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Initial spectra without any charge control showed peak shifting and broadening. Plac

ing a

grounded fine grid above the specimen solved these problems without leading to a significant signal due to the

grid material

. This method is easy to apply and is used routinely in measurements with similar specimens.

7.6 Values of experimental parameters

Values of parameters used to control charge, such as flood gun settings, shall be reported. Information
about typical parameters for some charge neutralization systems on modern instruments is provided
in Reference [10].

EXAMPLE

For the flood gun, the cathode voltage was -5 V (with respect to instrumental ground), the

emission cur
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mation on the effectiveness of the method of charge control

quacy of charge control

FWHMs and the binding energies (BE,,.,,) of peaks in the measured-spectra, after cha
been minimized, but before any charge correction has beensmade, provide one ul
Hetermining adequacy of the charge-control method. To docurhént the effectiveness (

used to produce appropriate BE and FWHM measurements, it can be useful to havsg
a measurement of the FWHM of at least one photoelectron peak of similar chemist
cimen that is known to be conductive or for which thelinethod of charge control is bel

Ve.

The FWHM of the oxidized Si 2p photoline was réduced from 2,4 eV to 1,6 eV by applicatio
e 1,6 eV width is consistent with measurements nfade on a thin SiO, layer on Si.

The ability to control charge compensation over a wide energy range can be document

surement assumes that there are no complications due to chemical state changes with depth
econd phases.

nage assessment

nended that specimens be examined for the presence or absence of specimen damagg
narging or the impadt of the charge neutralization method (see A.2.1) and that the re
. If damage is obsetved, changes to the charge neutralization parameters can need
l the changes recorded.

Survey scans at the start and end of data collection showed no changes suggestive of intens
Fe change$ due to damage.

cy of the charge-control methods for the type of analysis being, conducted shall be

ging
seful
f the
as a
ry in
eved
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bd by

e energy separation between different photeelectron peaks from the same element. The adequacy

r the

b due
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o be
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ting of method(s) used for charge correction and the value of that

correctio

1

8.1 General

Many of the methods commonly used for charge correction are summarized in Clause A.3. The critical
specimen and experimental parameters in 8.2 and 8.3 shall be reported.

8.2 Approach

The general method for correcting measured binding energies (peak positions) for charging effects
shall be specified in sufficient detail so that the method can be reproduced and the effectiveness judged.
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8.3 Value of correction energy

Information shall be given on the magnitude of the correction energy (A.,.) for each spectrum and
how this correction energy was determined. The corrected binding energies and values of the reference
energies shall be reported.

) is determined by taking the difference between the measured binding

) and an appropriate binding energy value (BE,..¢) for the reference

The correction energy (A.qr
energy of a reference line (BE|¢f a5
line (obtained from the literature or other trusted source) using Formula (1):

A = BEref - BEref,meas (1)

corr

The ¢orrected binding energy for another photoelectron peak in the same spectrum (BE_{,.) can then
be found from the sum of the measured binding for that peak (BE,,,.,,) and the correction epergy:

EECOI'I' = BEmeas + ACOI‘I‘ (2)
NOTH Formulae (1) and (2) apply only when charge compensation has adequately removefl differential

charging effects.

© IS0 2021 - All rights reserved 5
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Annex A
(informative)

Description of methods of charge control and charge correction

A.1 General

This annex

control or n
in Clause A.
of charge) a

For charge
the effectiv
accomplishg
line and a 1
modified Au
without the
unwanted c
in A.2.5.2 aj

lescribes methods involving charge control, also called charge neutralization (theeffq
inimize the build-up of charge at a surface or to minimize its effect, or both), as\desc
D; charge correction (the effort to determine a reliable binding energy despite-any bui
b described in Clause A.3; or some combination of the two as described in Glause A.4.

control, peak shape is one of the most important parameters to consider in asse
bness of a method. Correcting a measured peak-energy position-(i.e. binding energ
d separately using an appropriate charge-correction technique. When both a photoele
najor Auger peak from the same element can be observed, the Auger parameter o
ger parameter, described in Clause A.5, can be used to provide chemical-state inform
need to resort to charge corrections. Although the build-up.ef charge during XPS is oft
bmplication, it can also be used to obtain important infermation about a specimen as 1
dA.2.5.3.
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and distribution of surface and near-surface chatge for a specific experimental syster
by many factors, including specimen composition, homogeneity, magnitude of bulk
Huctivities, photoionization cross-section, strface topography, spatial distribution g
hys, and availability of neutralizing electrons. Charge build-up occurs along the spec
into the material.[®Z] The presence, 6fparticles on or different phases in the spec
result in an uneven distribution.af,charge across the surface, a phenomenon know
charging. Charge build-up can alsp occur at phase boundaries or interface regions w
n that is irradiated by X-rays. Some specimens undergo time-dependent changes il
harging because of chemicakand physical changes induced by electrons, X-rays or heat

single method to overcdme all charging problems in all instruments.[8.10] Several

thods described.ihthis annex assume that charging is not dependent on the kinetic er]
| electrons. Its possible that this will not be the case for some spectrometers or 3

fomparisenof static-charge stabilization methods for a variety of insulating speci
ncing to.both gold and carbon showed that the standard deviation of the binding-er
nts fromt 27 laboratories was, at best, 0,15 eV.[2] The report concluded that the reproduci
factory and that considerable additional work was needed.

rt to
ribed
d-up

5sing
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ithin
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new

re developed in the-1990s, including those that involve electrons, ions or magnetic fields, or

ergy
when

charging ocCurs as a function of depth into the specimen. As reported in 2000, an inter-
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ergy
hility

A.2 Methods of charge control

A.2.1 Damage caution

Both the build-up of surface charge during XPS[¢-10] and the methods that minimize charge accumulation
can induce damage in some samples.[1012] As some of the charge neutralization methods involve
charged-particle or photon irradiation or the addition of materials to the surface, the possibility of
specimen damage or specimen change from any such irradiations or treatments should be considered
and tested by comparing data at different times during data collection.[13.14]

Multiple approaches can be used to check for damage. Some analysts take a rapid survey before and
after high resolution scans and examine for differences as an indication of damage. Especially for
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known or suspected sensitive materials, analysts can take a rapid high-resolution scan of the sensitive
species before most of the data collection and compare the initial scan with a similar scan after the
majority of data is collected.

Reference [12] demonstrated that standard neutralizer operating conditions can be damaging to
particularly sensitive samples, however, it is possible to alter the operation conditions to get effective
charge neutralization while minimizing damage.

A.2.2 Electron flood gunl1>-18]

Low- energy electron flood guns are frequently used to stabilize the static charglng of insulators

| m operating
id upon the
ar design of
ries (usually
of electron-
v enough to

avoid specimen damage or unwanted heating. A metal screen placed on or.above the specimen can help.
[19,20

A.2.3 Ultraviolet flood lamp(21]

Ultrgviolet radiation can produce low-energy electrons (e.gnfrom the specimen holder)|that can be
usefyll in neutralizing specimen charge.

A.2.4 Specimen heating

For 4 limited number of specimens, heating can increase the electrical conductivity of the specimen,
thus|decreasing charging.[Z] The effects of spe¢imen temperature and possible surface [segregation
need|to be considered.

A.2.5 Electrical connection

A.2.3.1 Grounding and enhanced'conduction path

Surrpunding insulating materials with a conducting material has been a common gpproach to
minimizing the charge build-up on specimens. This can mean masking a solid specimen with a
conducting aperture, gridor foil, or mounting particles on a conducting foil or tape.[Z8l

A.2.3.2 Isolation from ground

For spme materials, thin films or mixtures of materials with different electrical properties, non-uniform
charge build-up (commonly called differential charging) is frequently observed. In many cifjcumstances
diffefential charging contributes significantly to peak distortion. Approaches to recdgnizing the
pres¢nce of differential charge are described in Reference [10]. Differential charging cqn occur for
many types of samples including thin films, materials with many interfaces, and materials with mixed
insulating and conducting phases. The presence of a grounded portion of a sample and an insulating
portion whose surface potential is influenced or controlled by a charge neutralization system can
cause potential gradients in the sample producing complex and distorted XPS spectra.l19 Isolating
such specimens from ground can minimize the leading sources of differential charging. Isolation
of samples from ground is a recommended procedure for many samples including nanoparticle and
polymer powders.[22] This approach allows the charge neutralization system to control sample surface
potentialll% and often minimizes spectrum distortion.

Differential charging and multiple near-surface potentials are not bad in all circumstances. For
some types of samples this phenomenon can be used to obtain information about the chemistry or
composition of conducting or insulating parts of the specimenl(23] and a potential gradient across a thin
film can provide a source of electrical property information about such films.[24-26]

© IS0 2021 - All rights reserved 7
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A.2.5.3 Biasing

Applying a low-voltage bias (=10 V to +10 V or more) to the specimen and observing the changes in
the binding energies of various peaks can be used to give information about the electrical contact of
a specimen (or parts of a specimen) with the specimen holder. Peaks in an XPS spectrum that shift
when the bias is applied are from conducting regions of the specimen. It is possible that other peaks
from insulating regions will not shift nearly as much, or at all, and can be interpreted accordingly. This
method can sometimes verify that the peaks being used for charge correction (e.g. Au 4f or C 1s) are
behaving in the same manner as the peaks of interest from the specimen.[11.2L.27] For non-uniform
or composite (non-conducting or partially conducting) specimens, a variety of charge shifts can be
observed upon biasing. These measurements can provide useful information about the specimen and

indicate a ]ﬂleed to connect the specimen more carefully to ground or to 1solate the specimen [from
ground. Sonpetimes, all data for some specimens are collected with a bias applied (see also Cladse*7A.4).

A.2.6 Low-energy ion source

Portions of
are charged
systems, wh
the use of a
make more

A.3 Meth

A.3.1 Gen

Because the
no simple W
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data on suc
through A.3
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A.3.2 Differential charging

A variety of
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or within tH
charging an|
is found to ¢
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A.3.3 Adventitious-hydrocarbon referencing [11.15,21,29-33]

An insulator surface can be negatively charged, even when some areas(éxposed to X
positively.[10.28] Such effects appear to be particularly important for focused X-ray

low-energy positive-ion source, in addition to an electron source,can help stabilize
iniform) the surface potential of the specimen.

ods of charge correction

eral

re are many sources of BE shifts in insulating and semiconducting materials, thg

es. Regardless, with appropriate care it is usually possible to collect and analyse
h materials to obtain the desired information. Each of the approaches described in |
.7 has advantages and limitations, highlighting the importance of reporting the mef]
hes used.l10]

methods is often used-to determine the amount of binding energy shift due to su

ch of these methods.is-based on the assumption that differential charging (along the su
e specimen) is not\present to a significant degree. Approaches to identify the presen
d differential €harging are described in Reference [10]. If significant differential cha
ccur or thought to be present, it is possible that it will be necessary to alter the meth
Fol.

-rays

eam
ere the X-rays strike only a relatively small portion of the specimen-In-these circumstaches,

(and

re is

ray to obtain the “ideal” fundamentally corfect BE for each peak in a spectrum in fany

XPS
A.3.2
hods

rface
rface
ce of
'ging
od of

Unless spec

TETTs are prepared foramatysis urmder carefutly controttedatmospheres, the surface

are

usually coated by adventitious carbon and possibly other contaminants from the environment. Once
introduced into the spectrometer, further specimen contamination can occur by the adsorption of
residual gases, especially in instruments with oil diffusion pumps. These contamination layers are
frequently used for charge correction purposes. It is assumed that they accurately reflect the steady-
state static charge exhibited by the specimen surface and that they contain an element with a peak of
known binding energy. Carbon is most commonly detected in adventitious layers, and photoelectrons
from the C 1s transition are often adopted as a reference. However, as described in A.3.3, adventitious C
1s spectra are very useful but often not reliable as an absolute binding energy reference.[10.29,32]

A reference binding energy between 284,6 eV and 285 eV is often used for the C 1s level of this
contamination, and the difference between the measured binding energy and the reference value [see
Formula (1)] is assumed to be the charge correction to be applied to the measured binding energies for
other photoelectron peaks in the spectrum. This reference energy is based on multiple assumptions that

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e0c126cb093854cc9f5a2b9ca12ebc3a

IS0 19318:2021(E)

the carbon is in the form of a hydrocarbon or graphite, that the carbon binding energy is fully coupled
to the sample surface, and that other carbon species either are not present or can be distinguished from
this peak.

This method is widely used because of the ubiquitous nature of adventitious carbon and the apparent
simplicity of the approach. Observation of the adventitious C 1s peak shape and energy is highly valuable
for many purposes, including recognizing the presence of surface charging, optimizing the parameters
of charge neutralization, and making a first guess at the extent of needed binding energy corrections.
[10] However, there are multiple issues with the assumptions involved in applying this method as an
absolute binding energy reference that have been recognized for many decades[2230] and more recently
amplified for studies of adventitious carbon on metal surfaces.[32-34] As reported, there is uncertainty

of the true nature of the carbon and the approprlafe reference values. 15291 HIEHOUgH 1]

repo
grap
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Othe

the @
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Despite the limitations and uncertainties associated with the use ,of adventitious carbo
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Fted fall within the range from 284,6 eV to 285,2 eV for the C 1s electrons from hydr
hitic carbon, other studies report values significantly outside of that range. Studies of
bn on metal surfaces showed that the measured binding energy variation can be as mug
r issues contributing to uncertainty include knowing the true nature of the‘carbon, v
oupling of the carbon to the sample surface, thickness dependent varjations in the
by, and surface induced alterations of the carbon chemistry on some sample surfaces!

be correction, it is convenient and commonly applied. Carben: referencing, using
bn along with other carbon signals can be useful for polymérs and highly carbonaceo
e one or more carbon signals have well established bindingehergies1222], Adventitiou
ed as one of several approaches to consistently determining binding energy shifts of
le[19], If adventitious carbon must to be the primary.method used for correction, it j
cognize the limitations and uncertainties. Often absolute knowledge of binding energ
al as knowing relative positions. To use adventitipus carbon as a relative binding energ
eference binding energy (and peak FWHM) shiould be determined on the user’s own sj
becimens with a similar carbon coverage.
15,16,35-38]

I Gold depositionl

deposition refers to the applicdtion of a thin layer (often 0,5 nm to 0,7 nm) of elemg

layer can be connected to-the spectrometer by mechanical contact with the specim
both the spectrometerand the layer are at the same electrical potential. It is assun
hct between the deposited layer and the surface of the specimen are influenced by the s
be and therefore thatthe specimen binding energies can be referenced to the gold bin
actice, there aretmany difficulties with this method. Although it is of value in some ciy
Clause A.4 and)Reference [39]), it is no longer widely used for XPS measureme

coverages\of less than one monolayer, there can be a reaction with the substrate. In
ucing changes in the specimen binding energies, such reactions can cause a chemica

hany values
bcarbon and
hdventitious
h as 2 eVI[31],
ariability in
[ 1s binding
D,22,33]

n for static-
hdventitious
1s materials
5 carbon can
a particular
s important
ies is not as
y reference,
bectrometer

ntal gold to

or all of the surface of an insulator in order to provide a metal calibrant on the specimen surface.

bn holder so
hed that the
ame surface
ding energy.
cumstances
s. In many

mstances, A4 forms small islands when deposited on many materials. It has been fonlﬁlnd that, for

addition to
shift of the

(72 peakl36.37] that varies with surface coverage, and can result in a binding energy th

a
that expected for the gold metal reference. The influence of such reactions with thg

is different
gold metal

rant would be expected to decrease as the gold overlayer thickness increases. However, shifts in

the Au 4f;, peak can occur with changes in the thickness of the deposited material and with changes
in its morphology. In addition, it is possible that even thick gold coverages (several monolayers) will
not give continuous layers, and differential charging between the gold “islands” and the specimen can
occur. In a study examining two approaches to binding energy referencing it was found that gold was
useful as a consistent reference, but did not provide absolute accuracy.[32

A.3.5 Implantation with inert gasesl4?]

Assumed binding energies of inert gases in solids have been used to measure the amount of charging in
insulating specimens when a specimen is implanted with such a gas.[49] However, such implantation can
change the chemistry of the specimen and induce binding-energy shifts and even peak splitting in the
specimen spectrum. It has also been demonstrated that measured binding energies for an implanted
species can vary in different matrices because of varying relaxation effects.[41]
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A.3.6 Internal referencing

Sometimes the specimen is of such a nature that a portion of it has spectral lines of known binding
energy that can be used as the charge reference.[10.22] This method assumes the invariance of the
binding energy of the chosen chemical group in different molecules. The measured peak energy will
include the static charge of the specimen. A charge correction, calculated to correct the binding energy
of the reference chemical group to the assumed value, can be applied to other measured peaks. If
carbon is used, the technique is called internal carbon referencing which can be particularly useful for
polymers(22],

A.3.7 Substrate referencing

rates
rved,
thin

For work inyolving thin films on conducting (e.g. metals and non-intrinsic semiconductors) subst
for which the film is thin enough so that peaks from both the substrate and film can he‘obse
the observed binding energies of the conducting substrate can provide a useful reference for
insulating dverlayers. Substrate referencing can provide consistent and useful infornation for|very
similar samples, but consistency of data needs be evaluated and cannot be assumed:"Processes|such
as band-bending[42], interfacial dipole layers, charge accumulation at interfaces“leading to djipole
electrostati¢ fields within a layer[1943], film thickness effects, and possibly interfdcial interactionp can
shift measufed binding energies of the thin film relative to the substrate limiting the absolute accyracy
of this approach. Interface dipoles, which can be inherent in the sample or induced by electron begm or
X-ray exposlre, can shift the energies of the material in the overlayept€lative to the substratesl}3:44,
The strength of the dipole can potentially be assessed from the thange of the energy diffefence
between th¢ substrate peaks and the overlayer peaks relative to @ther samples where the dipoles are
not expecte(l to be present.
Substrate r¢

ferencing is often used without application ofigharge neutralization methods. However,

data can be
i)

ii) substra

substra

iii) substra

As shown i References [44], [10], [45{and [46], each of these configurations will produce diff

experiment
at the subs
between th

substrate, there can be shifts-of the measured binding energies of the species in the overlayers rel
Fate. In contrast/if adventitious carbon or some other reference binding energy in or o
5 used as the‘charge reference, the shifts due to electrostatic fields between the subs
er wouldbe' roughly symmetric and reflected by shifts in the BE of the substrate ele
magnitude but in the opposite direction. Such shifts can cause measured binding ene|
enérgies that can lead to confusion or misinterpretation if the causes are not recogni

to the subst
overlayers i
and overlay
of the same
to appear af]

collected in multiple ways:
fe grounded, no charge neutralization;
Le grounded and charge neutralizatiomn;

Le isolated from ground but charge neutralization applied.

il results. The presence of‘inherent X-ray induced charge build-up or electrostatic f
'rate-overlayer intenface or within the overlayersl1943] can cause binding energy
b overlayer and substrate. If the binding energy reference used is a core level fron

brent
ields
hifts
 the
ative
n the
trate

ents
gies
ed.

the

g g y

recognition of the possible binding energy shifts. Mode iii), with the sample isolated from ground and
charge neutralization, works for many types of thin film samples, but can also include the binding energy
shifts between the substrate and overlayer. Based on previous experience and sample type, operators
generally have preferences for mode i) or mode iii), recognizing the type of processes the can impact
shifts between the substrate and overlayer. Applying charge neutralization to an insulating film on a
grounded substrate [mode ii)] often induces a potential gradient across the film.[10.44] Such a gradient
can be useful for learning electrical characteristics of a film or layer, but it is not recommended when
attempting to use a peak in the substrate as a BE reference for photoelectron peaks in an insulating
overlayer.
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A.4 Bias referencingl2Z}

This method involves both charge control and charge correction and it is therefore listed separately,
even though the basic elements have been described in Clauses A.2 and A.3. Use is made of a calibrant
material introduced onto a specimen surface (as described in Clause A.3) and charge-control methods
(Clause A.2) are utilized and optimized for a particular specimen and specific measurement conditions.
This technique was developed to deal with observations on some specimens and in some spectrometers
that the value of the correction A, determined with the gold decoration method of charge correction
(A.3.4), was not independent of the voltage applied to an electron flood gun. In several cases,[27] it was
shown that the energy difference between specimen photoelectron lines and those of gold became

independent of the applied flood-gun voltage when the voltage was sufficiently negative (and BE

eas

movg
cons

Typi
25 ni
a rej

ed to lower values). The objective is to adjust the flood-gun voltage so that this energy
Fant, thereby improving the reliability of A

corr*

fally, a small gold dot (with a diameter between 1 mm and 3 mm and withed thickn
) is placed on the specimen surface by vacuum evaporation. XPS spectra-of'‘both the
resentative area of the specimen surface are obtained under the influenice of a negaf

to approximately 10 V) that can be produced by electrons from a conventignal flood gun. T

spec
betw
BEme
Au 4
tom

Ferm
[27]
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(usu
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madyd
stati
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from

The
ener
of th
peak
ofter
elem

fra can be referenced to gold by the application of a correction/calculated from th
een the value of BE ¢ ., for the Au 4f;, peak under negative bids conditions and
. for that same peak when the gold dot is in electrical contactWwith the spectrometer
7/, spectra are usually obtained before and after obtainingXPS data from the specin
bnitor system drift. It appears that this method brings about vacuum-level alignment]

i-level alignment and so it is possible that it will not be.independent of the surface wq

Auger parameter measurements[47-:49]

Auger parameter is defined as the kinetic energy of the sharpest Auger peak in tH
lly involving core levels) minus the kinetic energy of the most intense photoelectro
ame element.[4Z] (The energy of thedonizing photons must be specified before compar
e between Auger parameter valu€s;) The two measured transitions are equally affected
C charging for most spectrometers. Because the Auger parameter can change wi
ing, this charge-independent*value provides a different approach for the identific
ical state of an element-[4248] when the kinetic energies of both Auger and photoele
the same element are.avdilable.

modified Auger parameter is defined as the sum of the Auger parameter and the inci
by; alternatively; the modified Auger parameter can be obtained from the sum of the ki
e sharpest Alger peak in the spectrum and the binding energy of the most intense plj

used_instead of the Auger parameter to assist in the identification of the chemica
ent, Some modified Auger parameter data can be found in Reference [50].

Although charging does not modify the Auger parameter in most circumstances, the

difference is

ess of about
bold dot and
ive bias (up
he resulting
e difference
the value of
In practice,
nen in order
rather than
rk function.

e spectrum
h peak from
isons can be
| by uniform
[th chemical
htion of the
ctron peaks

dent photon
netic energy
lotoelectron

from the.same element. The modified Auger parameter is independent of photon emergy and is

state of an

re is a risk

that differences in charging as a function of depth, or even differences in the chemical nature of the
regions examined as a function of depth, can complicate the measurements if peaks with significantly
different mean escape depths are used to obtain the Auger parameter. In such circumstances, reliable
interpretation of the measurements will be difficult.

© IS0 2021 - All rights reserved 11


https://standardsiso.com/api/?name=e0c126cb093854cc9f5a2b9ca12ebc3a

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and abbreviated terms
	5 Apparatus
	6 Calibration of binding-energy scale
	7 Reporting of information related to charge control
	7.1 General
	7.2 Information about specimen
	7.2.1 Specimen form
	7.2.2 Specimen dimensions
	7.2.3 Specimen mounting methods
	7.2.4 Specimen treatment prior to or during analysis
	7.3 Instrument and operating conditions
	7.4 General method for charge control
	7.5 Reasons for needing charge control and for choosing the particular method for charge control
	7.6 Values of experimental parameters
	7.7 Information on the effectiveness of the method of charge control
	7.7.1 Adequacy of charge control
	7.7.2 Damage assessment
	8 Reporting of method(s) used for charge correction and the value of that correction
	8.1 General
	8.2 Approach
	8.3 Value of correction energy
	Annex A (informative)  Description of methods of charge control and charge correction
	Bibliography

