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Synchrotron radiation (SR) has a variety of properties which
make it an attractive source for quantitative X-ray photoelectron
spectroscopy (XPS).

Among the most significant are high

intensity and tunability.

For example, because it is a

continuous source (10 eV-2 0 keV) selected wavelengths may be
utilized to exploit the physical properties (e.g. cross section
and absorption edge) of the material or element under study.

In

addition, the intensity of the dispersed radiation is comparable
to laboratory line sources (1). Synchrotron radiation is also a
clean source, i.e. it will not contaminate the sample, because it
operates under ultra-high vacuum conditions.

We have used these

properties to demonstrate the advantages of SR as a source for
quantitative XPS.

We have also found several consequences

associated with this source which can either limit it's use or
provide unique opportunities for analysis and research.
Using the tunability of SR, we have measured the energy
dependence of the 3p photoionization cross sections of Ti, Cr,
and Mn from 50 to 150 eV above threshold at the University of
Wisconsin's Tantalus electron-storage ring (2). In agreement
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with theory, maxima were observed ^ 100 eV above threshold.
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Taking advantage of the nearly one hundred-fold increase in
atomic sensitivity, we quantitatively measured the oxidation
states of Ti and Mn in TiO2-TiO and MnO 2 -MnO mixtures,
respectively, over a mole-ratio range of 0.33 to 3.0 with an RSD
of

<_4% (3) .
Tuning the photon energy to increase the atomic sensitivity

also produces a set of consequences associated with the
relatively low kinetic energy of the photoelectrons.

We have

found, for example, that angular distribution effects are
important near threshold for amorphous solids.

The functional

relationship between 8, the angle between the non-polarized
photon beam and the detected electrons and the differential cross
section is described by:

as
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where da/dft(8,hv) differential cross section as a function of 9
and photon energy,

Oj is the total subshell cross section and B

is the asymmetry parameter as a function of kinetic energy of the
ejected electron.

Although it is well known that the angular

distribution of paotoelactrons differs for different orbitals
(4), it is often assumed that 3 is nearly zero for amorphous
materials because elastic scattering is believed to produce an
almost isotropic distribution (3= 0) of photoelectrons (5,6).
addition, if 3 is 90°, then from equation 1 it can be seen that
the angular distribution effect is reduced to 3/4.

The

assumption that the angular distribution effect is negligible

In

means that a cross section ratio or relative sensitivity factor
is the ratio of the angular independent total cross section.
We have shown that this assumption is invalid for the 3p
relative cross sections of Ti, Cr and Mn ratioed to the oxygen 2s
level over the range of 50 to 100 eV above the 3p threshold (2).
Unless corrections were made for the rapid change of 3 over the
50 eV energy interval, disagreement with theory ranged from 3070%.

This compares to a 10% error for NaF over the 233 eV range

between Mg and Al K X-ray sources (7). Recent measurements of
the angular distribution of the scandium 2p photoelectron line
near threshold confirm these results (8).
The consequences of these studies are two-fold.

First,

sensitivity factors calculated using theoretical total subshell
cross sections near threshold will produce systematic errors in
quantitative XPS results.

Quantitative analysis using SR must

therefore use standards, relative sensitivity factors corrected
for angular distribution effects or rely upon empirical
sensitivity factor data from a system with identical sourcesample-analyzer geometry.

Second, depth profiling studies,

taking advantage of the variable energy photon source to change
the kinetic energy and thus the mean-free-path (mfp) of ejected
electrons, will also be erroneous unless corrections are made for
the rapid change in $.

The alternative method for depth

profiling would be to maintain the angle of detection with
respect to the plane of polarization while varying the take-off
angle.

The advantage of using SR for these studies is that the

cross section or sensitivity can be enhanced by the appropriate
choice of photon energy and angular effects do not change if 0 is
unchanged.
Another consequence of using photons near the ionization
threshold is that the mfp of the ejected electrons is small.

The

advantage is an enhanced sensitivity to the top-most surface
layer.

The disadvantage is the proportionately larger effect of

surface inhomogeneities and contamination.

These problems can be

managed by improving the vacuum and sample preparation methods
and by using sample cleaning techniques that do not modify the
surface in an unknown or unpredictable fashion.
The variable energy source has two additional advantages for
quantitative XPS.

The mfp in a single sample can be studied over

a large range of kinetic energies.

Comparison of different types

of materials (e.g. metallic, semiconductors, insulators and
organics) can thus be examined for similarities and discrepancies
from the universal curve.

Finally, the ability to tune the

photon energy also provides a convenient way to identify and
remove any overlapping Auger electrons.
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