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PREFACE 

This  Standard was  prepared by the  Standards  Australia Committee  CH-01 6,  Spectroscopy.  This 

Standard is  identical  with,  and has  been reproduced from ISO 1 7974: 2002,  Surface chemical 

analysis—High-resolution  Auger electron  spectrometers—Calibration  of energy scales  for 

elemental and chemical-state  analysis .  

The  obj ective  of this  Standard is  to  ensure  that the  requirements  for calibrating the  kinetic 

energy scales  of Auger electron spectrometers  used for elemental  and chemical-state  analysis  at 

surfaces  are  achieved.  

As this  Standard is  reproduced from an International Standard,  the following applies:  

(a)  Its  number appears  on the  cover and title  page  while  the International  Standard number 

appears  only on the cover.  

(b)  In the  source text ‘ this  International Standard’  should read ‘ this  Australian Standard’ .  

(c)  A full  point substitutes for a comma when referring to  a decimal  marker.  

References  to  International  Standards  should be  replaced by references  to  Australian or 

Australian/New Zealand Standards,  as  follows:  

Reference to  International Standard  Australian  Standard 

ISO   AS  ISO  

1 81 1 5  Surface  chemical analysis—

Vocabulary 

 1 81 1 5  Surface  chemical analysis—

Vocabulary 

The terms ‘ normative’  and ‘ informative’  have  been used in this  Standard to  define  the 

application of the  annex to  which they apply.  A ‘ normative’  annex is  an integral  part of a 

Standard,  whereas an ‘ informative’  annex is  only for information and guidance.  
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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 hel ium) 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 d ifferent 
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.  
Cal ibrations of the kinetic energy scales of AES instruments are therefore required,  often  with  an uncertainty of 

u  0,3 eV.  

The method for calibrating kinetic energy scales specified  in  th is International  Standard  uses metall ic samples of 
pure copper (Cu),  and  either aluminium  (Al) or gold  (Au),  and  is appl icable to Auger electron spectrometers 
measuring  direct spectra with  relative resolutions of 0, 2 % or better.  I t is val id  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.  

Traditional ly,  kinetic energies of Auger electrons have been referenced to the vacuum level,  and  th is reference is 
sti l l  used  by many analysts.  However,  the vacuum level  is i l l -defined and can vary from instrument to instrument 
over a range of 0,5 eV.  Although use of the vacuum level  reference procedure wil l  general ly not cause ambiguity in  
elemental  identification,  i t 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,  g iving  values typical ly 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 cal ibrated  for provid ing analyses within  the scope of ISO 1 7025 [1 ]  as well  as for other purposes 
may need a statement of the estimated calibration  uncertainty.  These instruments are in  cal ibration  for kinetic 
energy measurements within  certain  defined  tolerance l imits ?  ?.  The value of ?  is  not defined  in  this International  
Standard since it wi l l  depend on  the application and  design  of the AES instrument.  The value of ?  is  selected by the 
user,  based on  experience in  the use of this I nternational  Standard,  the cal ibration stabi l ity of the instrument,  the 
uncertainty required  for kinetic energy measurements in  the intended  appl ications of the instrument and  the effort 
incurred in  conducting  the cal ibration.  This I nternational  Standard  provides information  by which  a suitable value of 
?  may be chosen.  Typical ly,  ?  is  W  0, 2 eV and  greater than about four times the repeatabi l ity standard  deviation,  
?R.   

For an  instrument to be in  cal ibration,  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 l imits.  Before it becomes l ikely that the instrument is  out of cal ibration,  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 wi l l  normally come down to a 
small  fraction  of the tolerance l imits required  for the analytical  work.  

This International  Standard  does not address al l  possible defects of instruments,  since the required  tests would  be 
very time consuming and  would  need both  special ist knowledge and equipment.  However,  i t does address the 
basic and  common problems in  the cal ibration of the kinetic energy scales of AES instruments.  
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AUSTRALIAN  STANDARD 

 

 

 

 

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 cal ibrating  the kinetic energy scales of Auger electron 
spectrometers used  for elemental  and chemical  state analysis at surfaces.  I t also specifies a cal ibration schedule 
for testing the kinetic energy scale l inearity 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 al l  possible 
defects).  

I t is applicable only to those instruments incorporating an  ion gun for sputter cleaning.  I t is  not applicable to 
instruments with  kinetic energy scale errors significantly non-l inear with  energy.  Neither it is appl icable to those 

instruments operated  at relative resolutions poorer than 0,2  % in  the constant ?E/E mode or 1 , 5 eV in  the constant 

?E mode,  those requiring  tolerance l imits of ?  0,05 eV or less,  nor to those with  an  electron gun  that cannot be 
operated  in  the energy range 5 keV to 1 0 keV.  I t does not provide a ful l  cal ibration  check for confirming the energy 
measured  at each addressable point on  the energy scale,  th is being  performed according to the manufacturer's 
recommendations.  

2 Normative reference 

The fol lowing  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 
publ ications do not apply.  However,  parties to agreements based on  this I nternational  Standard  are encouraged to 
investigate the possibil ity of applying  the most recent edition of the normative document indicated  below.  For 
undated  references,  the latest edition of the normative document referred to appl ies.  Members of ISO and IEC 
maintain  registers of currently val id  I nternational  Standards.  

ISO 1 81 1 5,  Surface chemical analysis — Vocabulary 

3 Terms and definitions 

For the purposes of this International  Standard,  the terms and  definitions g iven in  ISO 1 81 1 5 apply.  

1
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4 Symbols and abbreviated terms 

The fol lowing symbols and  abbreviated  terms are used  throughout th is International  Standard  (see also annex B) 

AES Auger electron spectroscopy 

A  Analyser retardation  factor 

a  Measured energy scal ing  error 

b  Measured zero offset error,  in  electronvolts 

c  Coefficient of R   

d Coefficient of R2   

Ecorr Corrected  result for kinetic energy corresponding to g iven  Emeas,  in  electronvolts 

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 n,  in  electronvolts 

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

Eref,n  Reference values for position  of peak n  on  kinetic energy scale,  in  electronvolts 

o
ref, n

E  Reference kinetic energy of peak n   

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

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

j Number of repeat measurements for new peak 

k Number of repeat measurements for Cu M2, 3VV,  Cu  L3VV,  and  Au M5M6, 7N6,7  or Al  KL2,3L2,3  peaks in  
repeatabil ity and  l inearity determinations 

m  Number of repeat measurements for Cu M2, 3VV and  Au M5N6, 7N6, 7  or Al  KL2, 3L2,3  peaks in  regular 
cal ibrations 

n  Designation  of peak identifier 

R  Relative resolution  of a spectrometer,  expressed as percentage 

tx  Student's t values for x  degrees of freedom of two-sided  distribution  for confidence level  of 95 % 

U95  Total  uncertainty of calibrated  energy scale at confidence level  of 95 %,  in  electronvolts 

c
95U (E) Uncertainty at confidence level  of 95 % arising  from cal ibration  using Cu  M2, 3VV and Au  M5N6,7N6,7  or Al  

KL2,3L2,3  peaks at kinetic energy,  E,  assuming perfect scale l inearity,  in  electronvolts 

l
95U  Uncertainty of ?2  at confidence level  of 95 %,  in  electronvolts 

cl
95U  Uncertainty of cal ibration at confidence level  of 95 %,  in  the absence of a l inearity error 

?n  Offset energy,  g iven by average measured  kinetic energy for cal ibration peak minus reference kinetic 
energy,  in  electronvolts,  for n  ?  1 ,  2,  3,  4   

?Ecorr Correction  added to Emeas  after cal ibration to provide corrected  kinetic energy result 

??  Average of ?1  and  ?4  

2
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?  Value for tolerance l imit of energy cal ibration  at confidence level  of 95 % (set by the analyst),  in  
electronvolts 

?2  Measured scale l inearity error at Cu  L3VV peak,  in  electronvolts 

?R  Maximum of ?R1 ,  ?R2,  and  ?R3  or ?R4  

?Rn  Repeatabil ity standard  deviation  for nth  peak 

?Rnew Repeatabil ity standard deviation  for new peak,  in  electronvolts 

See annex B for a l ist 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 l imits used in  practical  analysis.  For kinetic energy scale l inearity tests,  an  intermediate energy peak 
is used.  These peaks are well  establ ished  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 g iven 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  M2,3VV and  Cu L3VV,  and  either Au M5N6, 7N6,7  or Al  
KL2,3L2, 3,  peaks in  a sequence repeated seven times.  These data give the repeatabil ity standard  deviation,  ?R,  of 
the kinetic energy of a peak.  This repeatabil ity has contributions from the stabil ity of the spectrometer electronic 
suppl ies,  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 ?R  is  defined  as the greatest of the values 
obtained for the three peaks used.  The value of ?R  may depend on the sample positioning  procedure.  In  6.7. 1 ,  the 
use of a consistent sample positioning  procedure is  required and  the final  cal ibration is only val id  for samples 
positioned using  th is positioning procedure.  

The Au  M5N6,7N6, 7  peak is weak,  especial ly at 5 keV beam energy,  and reference values for the peak energy are 
available only for incident beam energies of 5 keV and 1 0 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 1 0 keV beam 
energies,  the Al  KL2,3L2, 3  peak is available as an alternative.  Using  the Au  M5N6, 7N6,7  peak al lows the cal ibration  
to cover the kinetic energy scale from 0 eV to 2 250 eV,  whereas with  Al  KL2,3L2, 3  the upper l imit is restricted  to 
1  550 eV.  

Studies of spectrometers show that,  in  general,  any measured  error in  the peak energies varies approximately 
l inearly with  the peak kinetic energy.  The equations presented  in  this International  Standard  are val id  only for this 
most common situation  and  are based on  the principle that the d ifference between the measured kinetic energies 
and  the reference kinetic energies are both small  and  are l inearly,  or close to l inearly,  dependent on  the kinetic 
energy.  This l inearity may fail  if the instrument is defective and  so a test is specified in  6. 7 and  6.1 0 for confirming 
the closeness to l inearity at an  intermediate energy.  For convenience,  this test involves the Cu  L3VV peak.  

I f the l inearity test is adequate,  an  energy scale correction may be derived  using  the simple regular cal ibration  
procedure given in  6. 1 1 .  Exactly how the kinetic energy scale is corrected  depends on  practical  detai ls of the 
instrument being  cal ibrated  and  so a number of strategies are g iven in  6.1 2.  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  th is International  Standard,  which  lead to i l lustrative tolerance l imits of ?  0,2 eV and  ?  0,3 eV 
at a confidence level  of 95 %.  Note the importance of the al lowable drift between  cal ibrations in  Table 1 .  Thus,  as 
shown in  Figure 1 ,  the cal ibration  interval  is determined  from measurements of the instrument drift as given in  6.1 4.  
The regular cal ibration  is then made at the appropriate cal ibration  interval  to maintain  the instrument kinetic energy 
scale within  the required  tolerance l imits.  
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NOTE The numbers refer to the corresponding  subclauses of this International  Standard.  

Figure 1  — Flowchart of sequence of operations of method 
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Table 1  — Il lustrative contributions to error budget for kinetic energy scale calibration 

Examples 

Item Symbol  
Calculated 

from I f h igh  accuracy 
required  

I f lower accuracy 
required  

Comment 

Tolerance l imits,  eV 

?  ?  User's choice ?  0,2 ?  0,3 

User's choice 
d ictated  by accuracy 

required  and  number 
of spectra there is 

time to acquire in  
regular cal ibrations 

Repeatabi l i ty standard  

deviation,  eV ?R  Equation  (1 ) 0,050 0,050 

Characteristic of 

spectrometer 
measured at first 
cal ibration  (see 6.7) 

Number of times,  each 
pair of spectra is 

acquired  

m  
User's choice 

m  ?  1  or 2  
m  ?  1  m  ?  2  m  ?  1  m  ?  2  

 

Uncertainty of 

cal ibration  
measurements,  eV 

c l
95U  

Equation  (1 2) 
or (1 3) 

0,1 85 0,1 30 0,1 85 0,1 30 
 

Measure of scale non-
l inearity,  eV ?  2  

Equation  (5) 
or (6) 

0,050 0,050 0,050 0,050 

Characteristic of 

spectrometer 
measured at first 
cal ibration  (see 6.7) 

Uncertainty of energy 

scale after calibration,  
eV 

U95  Equation  (1 1 ) 0,1 92 0,1 39 0,1 92 0,1 39 
 

Maximum al lowable 

drift between 
cal ibrations,  eV 

?  (?  ? ?  U95) ?  and  U95  ?  0,008 ?  0,061  ?  0, 1 08 ?  0, 1 61  

Define drift al lowable 

before danger of 
exceeding the 

chosen  l imits ?  ?  eV 

Maximum calibration  
interval  (for an  

i l lustrative instrument 
that exhibits a steady 

drift rate of 0,025 eV 
per month),  months 

— See 6.1 4 0,3 2,4 4,3 6,4 

Choose convenient 
interval  below this 

maximum,  and  less 
than  four months,  

with  safety margin  for 
any erratic behaviour 

Choice of calibration 
interval,  months 

— 

User's choice,  
based  on 

observed drift 
behaviour 

Option  
impractical  

1  3  4  

 

NOTE The uncertainties are for a confidence level  of 95 %.  The examples i l lustrate the effect of user choices on the uncertainty of 

cal ibration and the required interval  between recal ibrations.  

 

I n  this International  Standard,  measurements are given to establ ish  the uncertainty of the cal ibration  at a 
confidence level  of 95 %,  d irectly after the calibration.  The error of the kinetic energy scale wi l l  generally increase 
with  time and,  during  the interval  between cal ibrations,  must not exceed  the tolerance l imits of ?  ?  chosen  by the 
analyst to define the qual ity of their measurements.  Completing a table such as in  Table 1  wi l l  assist the user in  
defining a suitable value for ?.  I f the user has l ittle or no idea of the capabil ity of h is or her instrument,  if the 
manufacturer's data give no assistance and  if there is no clear idea of the requirements,  start with  Table 1  with  ?  
set at 0,2 eV.  Go through the procedure specified,  fi l l ing in  the rows,  and  final ly check if this value of ?  is  feasible 
for the instrument being  used.  I f not,  review the operating  procedures and  either reduce one or more of the terms 
contributing  to U95  or increase the value of ?  to one that is acceptable.  
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