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National foreword

This British Standard reproduces verbatim ISO 17974:2002 and implements it
as the UK national standard.

The UK participation in its preparation was entrusted to Technical Committee
CII/60, Surface chemical analysis, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international publications referred to
in this document may be found in the BSI Catalogue under the section entitled
“International Standards Correspondence Index”, or by using the “Search”
facility of the BSI Electronic Catalogue or of British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, the ISO title page
pages ii to v, a blank page, pages 1 to 27 and a back cover.

The BSI copyright date displayed in this document indicates when the
document was last issued.
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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 1SO, also take part in the work. ISO 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 3.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as 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 International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

SO 17974 was prepared by Technical Committee ISO/TC 201, Surface chemical analysis, Subcommittee SC 7,
X-ray photoelectron spectroscopy.
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Introduction

Auger electron spectroscopy (AES) 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 kinetic energies of their
Auger electron peaks (determined from the measured spectra) with tabulations of those energies for the different
elements or with handbooks of spectra. Information on the chemical state of such elements can be derived from
the chemical shifts of measured Auger electron features with respect to those for reference states. Identification of
chemical states is based on measurements of chemical shifts with accuracies in the range down to 0,1 eV, making
necessary individual measurements having and reference sources available with, the appropriate accuracies.
Calibrations of the kinetic energy scales of AES instruments are therefore required, often with an uncertainty of
<0,3eV.

The method for calibrating kinetic energy scales specified in this International Standard uses metallic samples of
pure copper (Cu), and either aluminium (Al) or gold (Au), and is applicable to Auger electron spectrometers
measuring direct spectra with relative resolutions of 0,2 % or better. It is valid for the kinetic energy range 0 eV to
2 250 eV if gold is used, and 0 eV to 1 550 eV if aluminium is used.

Traditionally, kinetic energies of Auger electrons have been referenced to the vacuum level, and this reference is
still used by many analysts. However, the vacuum level is ill-defined and can vary from instrument to instrument
over a range of 0,5 eV. Although use of the vacuum level reference procedure will generally not cause ambiguity in
elemental identification, it may cause uncertainty in measurements at high resolution relating to chemical states.
Because of this, instruments designed for both Auger electron spectroscopy and X-ray photoelectron spectroscopy
reference the kinetic energies to the Fermi level, giving values typically 4,5 eV higher than those referenced to the
vacuum level. For the purposes of this International Standard, the kinetic energies are referenced to the Fermi
level.

AES instruments calibrated for providing analyses within the scope of 1ISO 17025 [l as well as for other purposes
may need a statement of the estimated calibration uncertainty. These instruments are in calibration for kinetic
energy measurements within certain defined tolerance limits + 6. The value of Jis not defined in this International
Standard since it will depend on the application and design of the AES instrument. The value of Jis selected by the
user, based on experience in the use of this International Standard, the calibration stability of the instrument, the
uncertainty required for kinetic energy measurements in the intended applications of the instrument and the effort
incurred in conducting the calibration. This International Standard provides information by which a suitable value of
6 may be chosen. Typically, dis > 0,2 eV and greater than about four times the repeatability standard deviation,

OR-

For an instrument to be in calibration, the divergence from the reference kinetic energy values plus the expanded
calibration uncertainty for a confidence level of 95 %, when added to the instrumental drift with time, must not
exceed the chosen tolerance limits. Before it becomes likely that the instrument is out of calibration, it needs to be
recalibrated: a calibration measurement made and action taken to reduce the difference between the measured
and reference values. This difference may not necessarily be reduced to zero, but will normally come down to a
small fraction of the tolerance limits required for the analytical work.

This International Standard does not address all possible defects of instruments, since the required tests would be

very time consuming and would need both specialist knowledge and equipment. However, it does address the
basic and common problems in the calibration of the kinetic energy scales of AES instruments.
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Surface chemical analysis — High-resolution Auger electron
spectrometers — Calibration of energy scales for elemental and
chemical-state analysis

1 Scope

This International Standard specifies a method for calibrating the kinetic energy scales of Auger electron
spectrometers used for elemental and chemical state analysis at surfaces. It also specifies a calibration schedule
for testing the kinetic energy scale linearity at one intermediate energy, for confirming the uncertainty of the scale
calibration at one low and one high kinetic energy value, for correcting for small drifts of that scale and for defining
the expanded uncertainty of the calibration of the kinetic energy scale with a confidence level of 95 % (this
uncertainty includes contributions for behaviours observed in interlaboratory studies but does not cover all possible
defects).

It is applicable only to those instruments incorporating an ion gun for sputter cleaning. It is not applicable to
instruments with kinetic energy scale errors significantly non-linear with energy. Neither it is applicable to those
instruments operated at relative resolutions poorer than 0,2 % in the constant AE/E mode or 1,5 eV in the constant
AE mode, those requiring tolerance limits of + 0,05 eV or less, nor to those with an electron gun that cannot be
operated in the energy range 5 keV to 10 keV. It does not provide a full calibration check for confirming the energy
measured at each addressable point on the energy scale, this being performed according to the manufacturer's
recommendations.

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent edition of the normative document indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

SO 18118, Surface chemical analysis — Vocabulary

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in [SO 18115 apply.
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4 Symbols and abbreviated terms

The following symbols and abbreviated terms are used throughout this International Standard (see also annex B)

AES Auger electron spectroscopy

A Analyser retardation factor

a Measured energy scaling error

b Measured zero offset error, in electronvolts

¢ Coefficient of R

d Coefficient of R2

Ecorr Corrected result for kinetic energy corresponding to given Ep, o5, in €lectronvolts

Eelem Kinetic energy of a frequently measured element at which the indicated kinetic energy scale is set, after

calibration, to read correctly, in electronvolts
Emeas A measured kinetic energy, in electronvolts
Emeas,n Average measured kinetic energy for peak », in electronvolts

Emeas,ni  One of a set of measurements of kinetic energy for peak #, in electronvolts

Eret Reference values for position of peak » on kinetic energy scale, in electronvolts
E° Reference kinetic energy of peak n

ref,n

FWHM  Full width at half maximum peak intensity above background, in electronvolts

i Index of spectrum for the seven repeat measurements of a peak

Y Number of repeat measurements for new peak

k Number of repeat measurements for Cu M, 3VV, Cu L3VV, and Au MsMg 7Ng 7 or Al KLy 3L, 3 peaks in
repeatability and linearity determinations

m Number of repeat measurements for Cu Mj 3VV and Au MsNg 7Ng 7 or Al KL; 3L, 3 peaks in regular
calibrations

n Designation of peak identifier

R Relative resolution of a spectrometer, expressed as percentage

ty Student's ¢ values for x degrees of freedom of two-sided distribution for confidence level of 95 %

Ugs Total uncertainty of calibrated energy scale at confidence level of 95 %, in electronvolts

Ugs (E) Uncertainty at confidence level of 95 % arising from calibration using Cu M, 3VV and Au MsNg 7Ng 7 or Al
KLy 3L, 3 peaks at kinetic energy, £, assuming perfect scale linearity, in electronvolts

U§5 Uncertainty of &, at confidence level of 95 %, in electronvolts
Ugcg Uncertainty of calibration at confidence level of 95 %, in the absence of a linearity error
A, Offset energy, given by average measured kinetic energy for calibration peak minus reference kinetic

energy, in electronvolts, forn=1, 2, 3, 4
AE.o  Correction added to E, o4 after calibration to provide corrected kinetic energy result

Ag Average of A4 and 44
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o Value for tolerance limit of energy calibration at confidence level of 95 % (set by the analyst), in
electronvolts

& Measured scale linearity error at Cu L3VV peak, in electronvolts
OR Maximum of orq, oro, and ors Or or4
ORn, Repeatability standard deviation for nth peak

Ornew  Repeatability standard deviation for new peak, in electronvolts

See annex B for a list of symbols used only in that annex.

5 Outline of method

Calibration of an Auger electron spectrometer using this International Standard is performed by obtaining and
preparing copper and gold or aluminium reference foils in order to measure the kinetic energies of selected Auger
electron peaks. These reference materials are chosen as they provide Auger electron peaks near the high and low
kinetic energy limits used in practical analysis. For kinetic energy scale linearity tests, an intermediate energy peak
is used. These peaks are well established for this purpose and the relevant reference data exist.

See Figure 1 for a flowchart showing the general structure of the work and the sequence of procedures.

The initial steps are given in 6.1 to 6.5. For the first calibration it is assumed that there has been no
characterization of the spectrometer behaviour for the chosen instrument settings. Thus, in accordance with 6.7,
measurements are made of the kinetic energies of the Cu M, 3VV and Cu L3VV, and either Au MgNg 7Ng 7 or Al
KL, 3Lo 3, peaks in a sequence repeated seven times. These data give the repeatability standard deviation, OR, Of
the kinetic energy of a peak. This repeatability has contributions from the stability of the spectrometer electronic
supplies, from the sensitivity of the measured peak energy to the sample position and from the statistical noise at
the peak. In the procedure, conditions are defined to ensure that the statistical noise is relatively small. The other
two contributions may vary with the measured kinetic energy, and so o is defined as the greatest of the values
obtained for the three peaks used. The value of og may depend on the sample positioning procedure. In 6.7.1, the
use of a consistent sample positioning procedure is required and the final calibration is only valid for samples
positioned using this positioning procedure.

The Au MsNg 7Ng 7 peak is weak, especially at 5 keV beam energy, and reference values for the peak energy are
available only for incident beam energies of 5 keV and 10 keV. Thus, for instruments in which the signal-to-noise
ratio is poor, or which cannot scan above 2 000 eV kinetic energy or do not operate at 5 keV or 10 keV beam
energies, the Al KL, 3L, 3 peak is available as an alternative. Using the Au MgNg 7Ng 7 peak allows the calibration
to cover the kinetic energy scale from 0 eV to 2 250 eV, whereas with Al KL, 3L5 3 the upper limit is restricted to
1550 eV.

Studies of spectrometers show that, in general, any measured error in the peak energies varies approximately
linearly with the peak kinetic energy. The equations presented in this International Standard are valid only for this
most common situation and are based on the principle that the difference between the measured kinetic energies
and the reference kinetic energies are both small and are linearly, or close to linearly, dependent on the kinetic
energy. This linearity may fail if the instrument is defective and so a test is specified in 6.7 and 6.10 for confirming
the closeness to linearity at an intermediate energy. For convenience, this test involves the Cu L3VV peak.

If the linearity test is adequate, an energy scale correction may be derived using the simple regular calibration
procedure given in 6.11. Exactly how the kinetic energy scale is corrected depends on practical details of the
instrument being calibrated and so a number of strategies are given in 6.12. The analyst also needs to consider the
uncertainty with which the peak kinetic energies need to be measured. Table 1 shows values of some of the typical
parameters, defined in this International Standard, which lead to illustrative tolerance limits of + 0,2 eV and + 0,3 eV
at a confidence level of 95 %. Note the importance of the allowable drift between calibrations in Table 1. Thus, as
shown in Figure 1, the calibration interval is determined from measurements of the instrument drift as given in 6.14.
The regular calibration is then made at the appropriate calibration interval to maintain the instrument kinetic energy
scale within the required tolerance limits.
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