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In order to perform a quantitative analysis by electron spectroscopy, precise information on the transmission
function of the spectrometer is crucial for comparison of spectra obtained with different analytical conditions

or by different models of spectrometers.

A preliminary round robin test for comparison of transmission

functions of different models of XPS spectrometers was conducted by some members of S4S/, and it was
shown that standardization of the transmission correction procedure is necessary to perform quantitative

analysis with relatively small uncertainty.

1. Introduction

The transmission function is the dependence of
the sensitivity on the kinetic energy of electrons
for electron spectroscopy. It is known that the
form of the transmission function is determined
by various factors such as the configuration or
operating mode of the electron optics including
magnetic lenses, the pass energy of the electron
analyzer(Epass), the condition of the electron
multiplier and the signal counting rate.

An intensive study on  spectrometer
transmission calibration for Auger electron
spectroscopy had been conducted by Yoshitake
et al. in 1997.[1] On the other hand, in the
field of X-ray photoelectron spectroscopy
(XPS), only theoretical possibility of
transmission  calibration and preliminary
experimental results such as by Berresheim et
al.[2] and Dohmae et al.[3] were reported.

2.Experimental

By a simple experiment using a pure copper
sample and Al monochromatic (1486.6 eV)
X-ray source, it was found that the ratio of Cu
2p32 (Ev=933 eV) and Cu 3p (Ev =77 eV)
photoelectron intensities changed about 3 times
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in the 5 - 100 eV pass energy range for a
spectrometer. On the other hand, for another
model of spectrometer (manufactured by a
different company), the intensity ratio of the
same pair of photoelectron peaks changed only
less than 1.2 times in the same range of pass
energy. Thus the necessity of more extensive

study, which involves various types of
spectrometers manufactured by different
companies, was proposed at the regular

meeting of the Surface Analysis Society of
Japan (SASJ) in June 2001 and SASJ XPS
Transmission Function (XPS-TF) project team
was founded.

In order to evaluate the characteristics of the
transmission function of each spectrometer,
XPS peak intensities of low and high kinetic
energies for a wide variation of analyzer pass
energies were collected. All data were
acquired by Al K, monochromatic X-ray.

The recommended measured peaks were Cu
2p3n for high binding (low kinetic) energy and
Cu 3p or Au 4f7.2 (En=84.0 eV) for low binding
(high kinetic) energy. For both Cu and Au
peak measurements, clean pure metals prepared
by each participant were used. Due to the
cooperation of the participants of the project
team, XPS spectra obtained by 7 different
models of spectrometers manufactured by four
manufacturers were collected. For most
spectrometers studied, pass energies in the rage
of 10 eV to 150 eV were studied but one model
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could be operated only up to 50 eV due to its
specifications.

3.Results and discussion

Four sets of spectra obtained by spectrometers
manufactured by different companies were
analyzed. If a spectrometer has a transmission
function which depends only on the retarding
ratio (Ex / Epass) for various values of pass
energies, the shape of the intensity (normalized
by pass energy) vs. retarding ratio curve [2],
(the Berresheims plot), does not depend on the
kinetic energy of the photoelectron. Out of
the four sets of spectra studied, only one set
showed these characteristics. The intensity
ratios of high kinetic energy (approximately
1400 eV; Au 4f or Cu 3p) peak to low kinetic
energy (approximately 550 eV; Cu 2p) peak for
each spectrometer are shown in Fig. 1. The
ratios are normalized to the values for 10 eV
pass energy. The intensity ratio of the high Ex
peak against the low Ex peak changed only 1.2
times (0.78 to 0.93) in the pass energy range of
5to 160 eV for instrument B.  For instruments
A and C the ratios changed about 3 times (0.6
to 1.6 and 0.55 to 1.77 respectively) in this
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region of pass energy. Instrument D can only
be operated up to 50 eV of Ep.s.  Even in this
limited region, this (Cu 2p / Au 4f) ratio
changed about 1.4 times (0.7 to 1.0). The
reason for this difference of the transmission
characteristics of the instrument B and other
three ones is not clear, but it is supposed that
some intentional correction for transmission
characteristics could be done in designing
spectrometer B.  The results shown above
suggest that it is necessary to establish

standardized transmission correction
procedures for wvarious instruments and
operating conditions for conducting

quantitative analysis by relative sensitivity
factor with considerably small uncertainty.
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Fig. 1 Normalized intensity ratio of low Ex (around 550eV;Cu2p) and
high Ex (around 1400eV;Au4f or Cu3p) peaks for various pass
energies obtained by 4 spectrometers manufactured by different
companies. All lines are normalized to the values at Epass=10 eV.
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