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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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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 peak energies and
peak shapes, with tabulations of peak energies and data in handbooks of spectra for the different elements.
To identify the peaks, calibration of the energy scale with an uncertainty of 3 eV is generally adequate, and
this document is only intended for work at that level of accuracy (for greater accuracy, see ISO 17974).

The method for calibrating kinetic energy scales specified in this document uses metallic samples of pure
copper (Cu) and either aluminium (Al) or gold (Au). It does not include tests for defects in the instrument,
since few defects are significant at the level of accuracy concerned.

Traditiona
is still use
instrumen
cause amb
relating to
X-ray phot
4,5 eV high
to choose

l_y, killCLiL CIICI gicb UfAugUl €1UL LTOI1S tht! ‘UUCII I Ufcl t!llLUd L0 LhU VdCUUIII h:vcl, dlld Lhi
H by many analysts. However, the vacuum level is ill-defined and can vary fromqins
F over a range of 0,5 eV. Although use of the vacuum level reference procedure swill"ge

iguity in elemental identification, it can cause uncertainty in measurements‘at’high

chemical states. Because of this, instruments designed for both Auger electron spectr
pelectron spectroscopy reference the kinetic energies to the Fermi level) giving valug
er than those referenced to the vacuum level. For the purposes of this decument, the

he reference appropriate to their work.
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Surface chemical analysis — Medium-resolution Auger
electron spectrometers — Calibration of energy scales for
elemental analysis

1 Scope

This docun
with an up
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or equal to

applicable
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2 Norm
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requireme
the latest ¢

ISO 18115

3 Term
For the pui
ISO and IE
ISO On

IEC El¢

4 Symb

AES

a

hent specifies a method for calibrating the kinetic energy scales of Auger electron spe
certainty of 3 eV, for general analytical use in identifying elements at surfaces~This
es a method for establishing a calibration schedule.

hble to instruments used in either direct or differential mode, where theresolution i
0,5 % and the modulation amplitude for the differential mode, if used;is\2 eV peak-tq
to those spectrometers equipped with an inert gas ion gun or otheymethod for samp
h electron gun capable of operating at 4 keV or higher beam energy.

ative references

ng documents are referred to in the text in such a waythat some or all of their content
nts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

(all parts), Surface chemical analysis — Vocabulary

s and definitions
poses of this document, the termsand definitions given in the ISO 18115 series apply.
[ maintain terminology databases for use in standardization at the following addresse

line browsing platformyayvailable at https://www.iso.org/obp

ctropedia: available at’https://www.electropedia.org/

ols and abbreviated terms

Auger-electron spectroscopy

measured energy scaling error

rtrometers
document

s less than
-peak. It is
le cleaning

ronstitutes
references,

2]

b
E

corr

E

meas

E

meas,n

E

ref,n

FWHM

measured zero offset error, in eV

corrected result for kinetic energy corresponding to given £, in eV
measured kinetic energy, in eV

measured kinetic energy for peak n (see Table 1), in eV

reference values for kinetic energy position of peak n (see Table 1), in eV

full width at half maximum peak intensity above background, in eV
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energy scale scan rate for analogue systems, in eV/s

time constant for analogue detector electronics, in s

after calibration to provide corrected kinetic energy result

offset energy, given by average measured kinetic energy for calibration peak minus reference
kinetic energy, in eV, forn =1, 2, 3, 4 (see Table 1)

Calibration

of an Auger electron spectrometer using this document is performed by obtaining-ang
copper and gold or aluminium reference foils in order to measure the kinetic energies of séle
electron ppaks. These reference materials are chosen as they provide one Auger electron p

preparing
rted Auger
eak in the

high energy range, one in the middle range and one at low energies. The samples aré\cleaned and spectra

are recordpd in the direct mode, if that is available, or in the differential mode if'not. The enet
peaks are [compared with reference values to provide an energy scale correction. How this co
implemented depends on the facilities available with the spectrometer. Because this calibratio
with time, p procedure is defined to enable the calibration to be established atregular intervals.

See Figure|l for a flowchart showing the general structure of the workand the sequence of proce

6.1 Obtain reference samples

'

6.2 Mount reference samples

l

6.3 Clean samples, record survey spectra

:

6.4 Choose spectrometer settings

!

6.5 Operate the instrument

'

6.6 Measure reference peaks

'

6.7 Determine KE of reference peaks

gies of the
rrection is
h can alter

dures.

:

6.8 Correct the instrument KE scale

!

6.9 Wait until calibration due or error detected,

then proceed to next calibration

NOTE The numbers refer to the corresponding subclauses in this document.

Figure 1 — Flowchart of method — Sequence of procedures

© IS0 2024 - All rights reserved
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6 Energy scale calibration procedures

6.1 Obtaining reference samples

For the calibration of Auger electron spectrometers providing a high signal-to-noise ratio, as defined below,
and able to scan the kinetic energy range up to 2 100 eV, use samples of Cu and Au. For spectrometers with a
lower signal-to-noise ratio or those only able to scan to 2 000 eV, use samples of Cu and Al.

If, for the spectrometer used, the counts for the Cu L;VV peakin the direct mode are less than 400 000 counts
per channel, or the root mean square noise in the differential spectrum exceeds 0,3 % of the Cu L;VV peak-
to-peak signal, or if the maximum electron beam energy is less than 5 keV, Cu and Al may be used instead of

Cu and Au,

since the recording of suitable Au data can be time consuming.

For instrumnents with higher signal intensities and for spectrometers able to scan to 2 100 eV, the use of Au

can be fou
requireme

channel if §

All sample

in the form

If the sampples appear to need cleaning, a short dip in 1 % nitric acid may, beused for Cu with i

rinsing in
nitric acid

NOTE
beam energ

6.2 Mou

Mount the
using fixin|

not be used

6.3 Cleaning samples

Achieve ul
heights of
intense me
to ensure {
necessary
most inten|
working da

All relevanft procedures of this International Standard should be completed in one working day. If

one day is

NOTE

Better signal-to-noise ratios are often obtained for 10 keV tg 20 keV beam energies, rather th

hd to be the more convenient and able to provide a calibration over a wider energy
nt for 400 000 counts per channel for the Cu L;VV peak may be relaxed to 100,000
bavitzky and Golay smoothing is available at nine or more points in the smogthi2l.

5 shall be polycrystalline and of at least 99,8 % purity metals which, for convenience,
of foils typically of an area 10 mm by 10 mm, and from 0,1 mm to 0,2~mm thick.

listilled water. If the Cu sample has been stored in the air forCmore than a few days
will make the sample cleaning (see 6.3) much easier.

lesS.

nting samples

samples of Cu and Au or Al on the samplehelder or on separate sample holders, as a
g screws or other metallic means to ensure electrical contact. Double-sided adhesivg
.

'ra-high vacuum and cleanthie samples by ion sputtering to reduce the contaminatid
the oxygen and carbon(Auger electron peaks are each less than 2 % of the height
tal peak in each survey spectrum. Record a survey (wide scan) spectrum for each of t
hat the only significant peaks are those of the required pure elements. The quality

se metal peaks, by the completion of the procedure in accordance with 6.6 or at the
y, whicheveriis the earlier.

required, the cleanness of the samples shall be confirmed at the start of each day's wo

range. The
counts per

hre usually

ubsequent
the dip in

hn for lower

bpropriate,
tape shall

n until the
f the most
he samples
of vacuum

here is such thatthe oxygen and carbon peak heights shall not exceed 3 % of the heights of the

end of the

more than
k.

1l
1

5 keV argon

4 - 44 H At 41 41 1 £, pa | rbalal £, .l H 1 H £ 2
IITI' U SQD TUILIT DPULLCI 1115 CUIIUILIVUIIS UlIal IIdaveT UTTIT TUUIIU SUItdUIT 1TUT LlCallllls dl'T 1 1l aod

ions covering 1 cm? of the sample.

For examples of direct and differential spectra, see Figure 2.
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6.4 Chos

Set the spq

in differential mode, set the amplitude of the differentiating function to 2 eV peak-to-peak.

remaining
calibration|

retardation ratio, slits, lens settings, etc., for which a calibration is required. Record the valu

settings in

NOTE ]
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24 | | 1 I | I =
il /b q/;
16 M , =
1,2 F ..--"fl_f/ -
EJ _._'_'_j-'—'_'_'_,_,f_,-r""’-_,.ﬂ-"’
08 1| e —
04 - —
b
0 S
I
_0‘4, —| —
_0’8 —| —
12 I l | | | | I =
0 200 400 600 800 1000 1200 1400 1600 X
c) Al
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pectra.

htial spectra.

Figure 2 — Survey spectra of clean-copper, gold and aluminium

hsing spectrometer settings for.energy calibration

ctrometer to acquire spectra in the direct mode, if possible. For spectrometers ope

spectrometer operating settings for which the energy calibration is required.
procedure in accordange 'with 6.4 to 6.6 for each combination of analyser settings of p,

the spectrometer calibration log.

combinatio

'he designs of¢SpecCtrometers and their circuits vary and a spectrometer calibration m
of lens settings; slits and pass energy will not necessarily be valid for any other combing

Fating only
Choose the
Repeat the
Ass energy,
es of these

hde for one
tion of lens

settings, slits and pass’energy. Many spectroscopists make measurements under one optimum conjbination of
tings so‘that only this combination of settings needs calibration. Any calibration made is only
of settings used.

analyser se
combinatio

valid for the

IMPORTANT — High counting rates[3] or incorrect detector voltages[31[4] can cause peak distortions

leading to

erroneous peak energy assignments.

Operate the instrument in accordance with the manufacturer's documented instructions or local
documented procedure. The instrument shall have fully cooled following any bakeout. Ensure that the
operation is within the manufacturer's recommended ranges for counting rates, spectrometer scan rate and
any other parameter specified by the manufacturer. Check that the detector multiplier settings are correctly
adjusted. For multi-detector systems, ensure that any necessary optimizations or checks described by the

manufactu

rer are conducted prior to this calibration.

© IS0 2024 - All rights reserved
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Note that an ageing detector can enter a non-linear region of its characteristic at a lower count rate than a
new detector and can require a change to the voltage settings to restore the linear range. It can be necessary
for the analyst to ensure that saturation is not occurring or to make appropriate adjustments to the detector
settings. If adjustments are necessary, they shall be performed in accordance with the manufacturer’s

documente

d instructions.

6.6 Measurement of reference peaks

6.6.1 Set the copper sample at the analytical position with the same angle of emission as normally used.
The sample positioning procedure shall follow a documented protocol, taking account of the manufacturer's
recommendations. Record the Cu M, 3;VV and L;VV peaks [see Figure 3, a) and b)] for the direct or differential
modes, using the settings chosen in accordance with 6.4.

If usin

a)

b) If usin

width

Record at ]
or T /B. If §
minimum 4

6.6.2 Re
time is una
5 keV, Cu 4
position an
except for
AIKL, 3L,

b a digital scan for the energy scale, set the increment at, or near, 0,1 eV.

ht half maximum (FWHM) and 7 is the detecting amplifier time constant.

east the signal levels in accordance with Table 1 by a suitable choice of\total channel
avitzky and Golay smoothing with nine or more points in the smog@th is available, nd
ignal levels are lower (see Table 1).

fording the Au MsNg ;N 7 peak takes approximately 10 timés as long as the Cu L3VV g
cceptable, or if the spectrometer only scans to 2 000 eV onyif the electron beam energy
nd Al samples should be used instead of Cu and Au. Remove the Cu sample from thd
d replace it with the Au or Al sample. Using the same.combination of analyser settings
the total channel dwell time or 7 /f, which may be;set as required, record the Au Mj{
: peaks shown in Figure 3, ¢) or d).

Table 1 — Signal intensities to be recorded

o an analogue system, set the scan rate, 3, at less than 0,07Wz1 eV/s, where W is the peak full

dwell time
te that the

eak. If this
is less than
analytical
hs for 6.6.1,
Ng 7Ng 7 or

Peak num|

ber

Maximum acceptable r
square noise as a percg

peak-to-peak signal for
tial mode

Minimum ounts per channel at the

. peak for direct mode?
Assignment

pot mean
entage of
differen-

Savitzky and Golay
29 point

Savitzky

No smoothing >9

No)smoothing

and Golay
boint

w N =

4

400 000
400 000
400 000
4000000

100 000
100 000
100 000
1000000

1%
1%
1%
1%

CuM, ;VV
CuLVV
Al KL2'3L2,3
Au M¢Ng¥Ng 5

DY DD DD DN

%
%
%
%

a

No back

prounds areto be subtracted.
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NOTE TheAifferential spectra have been displaced vertically for clarity. The energy scale at the bgttom of the
figures is vdcum level referenced and that at the top is Fermi level referenced. These spectra have had thg noise level

reduced for

crartty:

Figure 3 — Example narrow scan spectra of peaks at 0,3 % relative resolution

6.7 Determining measured Kinetic energies of reference peaks

By observation of the peaks on a suitably expanded scale, determine, with one exception, the energies of
the absolute peak maxima in the direct spectra, or the negative peak minima in the differential spectra,
identified in Figure 3. The exception is the Cu M, ;VV direct spectral peak in Figure 3, a), where a tangent is
drawn to the two peaks in the doublet to enable the kinetic energy mid-way between the points of contact to
be determined. This procedure may be conducted using the directly acquired data if the intensities specified

© IS0 2024 - All rights reserved
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for the “No smoothing” condition (see Table 1) have been recorded. If less than this, but if at least the levels
shown in the Savitzky and Golay 29 point condition have been acquired, smooth the data with a single
application of a Savitzky and Golay cubic/quadratic smooth of at least 9 points, but not exceeding the values

given in Table 2.

NOTE 1
Table 1.

NOTE 2

Smoothing the data in accordance with Table 2 will also help with intensities higher than those given in

In the differential mode, the Au MgN ;N, ; peak has a triplet structure that is not resolved at resolutions

poorer than 0,15 %. This triplet reduces to a doublet and, at resolutions worse than about 0,3 %, only the minimum
[see cin Figure 3, c)] is visible.

Table 2 — Maximum number of points for Savitzky and Golay smoothing procedure for channel

inllerval of 0,T eV and indicated values for maximum spectrometer relative resolutjon
Peak nufnber Assignment Maximum spectrometer relative resohition

n 0,1 % 0,2 % 0,3 % 0,4 % 0,5 %

1 CuM, ;VV 9 9 9 9 9

2 CulL;VV 9 15 19 25 29

3 AlKL; 3L, 5 9 19 29 39 49

4 Au MgNg ;N 7 19 29 39 55 69
6.8 Determining correction of instrument Kinetic energy scale
6.8.1 Calculate the measured instrument offset error, 4,, for the'peak n given in Table 1 using Fprmula (1):

An =E meas,n _Eref,n (1)

where E, .1 , is the measured peak energy and E,..¢ is'the reference peak energy given in Table 3.
Ensure that the reference energy is appropriate for the choice of mode, direct or differential, being used.

NOTE !
vacuum levi
are given if
convenient

6.8.2 Rej
of these v4

instrument

defined in
6.6 shall bg
after recal

If the valug

Reference values are provided for(calibration of the spectrometer with energies referred t
bl or Fermi level. Traditionally, the vacuum level is used and examples of spectra referenced
References [5] to [8]. If worklis also done involving X-ray photoelectron spectroscopy, it d
o refer the data to the Fernii lével as in References [9] and [10].

lues are all <2 eV \the instrument is in calibration. If the moduli of some values are
shall either b€ recalibrated according to the manufacturer's instructions or the energyj
6.8.3 shall beapplied. After the instrument has been recalibrated, the measurementg

bration-are <2 eV.

sf A, are all in the range 3 eV to 6 eV, the instrument may currently be calibrated wit

b either the
in this way
an be more

iew the three values, 4, 4,, and 45 or 4,. If the moduli (i.e. the magnitude, ignoring the sign)

>2 eV, the
correction
defined in

 repeated~and the values of 44, 4,, and 45 or 4, shall be redetermined to ensure that their moduli

h reference

to the Ferr

3 ln"nl and ot tha yociiy Taval Thic 1o 1o Al for tactriannte Af igh apargyy acal

lition more

commonly

1 ah
Hreverahta ot tthevVacdiever— SIS USthar e stFamentso+ TSI CTICT Sy T COUT

calibrated in accordance with ISO 17974.
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