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It is convenient in many quantitative applications of Auger electron spectroscopy (AES) and
X-ray photoelectron spectroscopy (XPS) to utilise relative sensitivity factors (RSFs) for
quantitative analyses. Three types of RSF have been used for this purpose: elemental relative
sensitivity factors (ERSFs), atomic relative sensitivity factors (ARSFs), and average matrix
relative sensitivity factors (AMRSFs). While the ERSFs are the simplest and easiest to apply,
they are the least accurate because no account is taken of matrix correction factors. The
matrix correction factors for AES can vary between 0.1 and 8 [1] while for XPS they can
vary between 0.3 and 3 [2]. The ARSFs are more accurate than ERSFs in that they take
account of differences of atomic densities, generally the largest single matrix correction. The
AMRSFs are the most reliable RSFs in that there is almost complete correction of matrix
effects. This International Standard provides a guide to the use of these different RSFs and a



thorough explanation of their derivations, calculation and differences. It is recommended that
ERSFs be used only for semi-quantitative analyses and that ARSFs or preferably AMRSFs be
used for quantitative analyses. For the latter applications, ARSFs shall be used only in
situations for which it is not possible to make use of AMRSFs.

Different measures of signal intensities are used in AES and XPS, and it is necessary that the
same measure be used for the RSF determination as for the analytical application. For some
applications of AES, it is convenient to use peak-to-peak heights of Auger-electron signals in
the differential mode as measures of Auger-electron intensities. For other applications of
AES (e.g., scanning Auger microscopy), the Auger-electron intensity may be determined
from the difference of the intensity at a peak maximum in the direct spectrum and the
intensity of a nearby background signal. Finally, for many applications in XPS and for some
applications of AES, areas of peaks in direct spectra are used as measures of photoelectron or
Auger-electron intensities.

In analytical applications of AES and XPS, it is essential that Auger-electron and
photoelectron intensities be measured using exactly the same procedure as that used for
measurement of the RSFs. RSFs depend on parameters of the excitation source (for example,
the incident electron energy in AES and the choice of X-ray energy in XPS), the spectrometer
(for example, the angle of incidence of the electron beam in AES, the angle between the X-
ray source and the analyser axis in XPS, the sample area viewed by the analyser, and the
acceptance solid angle of the analyser), and the orientation of the sample to these parts of the
instrument [3]. The sample area viewed by the analyser and the analyser acceptance solid
angle can depend on analyser settings (for example, selection of apertures, whether the
analyser is operated in the constant analyser energy mode or the constant retardation ratio
mode, and the corresponding choices of analyser pass energy or retardation ratio). Finally, the
measured Auger-electron or photoelectron intensities can depend on other instrumental
parameters (e.g., energy step, scan rate, gain and time constant (for AES instruments with
analogue detection systems), and modulation to generate a derivative spectrum) and whether
the instrument is operated under conditions so that the detected signal intensities are
sufficiently linearly dependent on the excitation intensity. It is therefore essential that Auger-
electron and photoelectron intensities be determined using exactly the same instrumental
settings and the same sample orientation as those employed for the RSF measurements. It is
also essential that the same data-analysis procedures be used in measurements of signal-
electron intensities for the unknown sample as those used in the RSF measurements.

Commercial AES and XPS instruments are generally supplied with a set of RSFs for one or
more common operating conditions. These RSFs were typically determined on an instrument
of the same type or, in some cases, on similar instruments. In some cases these RSFs are
ERSFs or ARSFs and in other cases they are closer to AMRSFs. In some cases they may be a
combination of all three types of RSF. It is recommended that an analyst check the RSFs
supplied with the instrument for those elements expected to be of analytical interest to ensure
that the supplied RSFs are correct and are of the relevant type for the application. In addition,



the intensity-energy response function (IERF) of the instrument may change with time.
Alternatively, an analyst can check for possible changes in IERF with time by measuring
selected ERSFs.

Many factors contribute to the uncertainty in a determination of surface composition from
AES or XPS measurements with the use of RSFs [4]. It is not generally possible to determine
or estimate standard uncertainties for many of these factors, partly because definitive
experiments have not yet been conducted to establish uncertainties for some matrix-effect
parameters (for example, values of electron inelastic mean free paths, elastic-scattering
correction factors, and backscattering factors). In addition, practical samples often are not
chemically homogenous over the analytical volume and their surfaces are not atomically flat,
as assumed in the development of equations for RSFs; the analytical uncertainty will thus
depend on the extent to which a particular sample deviates from the idealized structure.
Finally, other simplifying assumptions (for example, the neglect of matrix effects on spectral
line shapes in some types of intensity measurements or the neglect of radiation damage, ion-
sputtering effects, and surface contamination) lead to uncertainties whose magnitudes again
depend on the particular sample.
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