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chrotron radiation induced Total Reflection X-ray Analysis (SR-TXRF) allows the determina-
tion of trace elements in various kinds of samples from environment, medicine or industry at
concentration levels below ng/g. SR-TXRF is especially suitable for samples where only small
amounts (volumes) are available, as only a few µl or some ng of sample are required. An-
other advantage of TXRF is easy quantification referring to an internal standard. Additional
research fields for TXRF are: layer and implant characterization (dose, thickness, profile
shape, density) as well as XANES of a sample prepared or collected on the reflector. A new
vacuum chamber for SR-TXRF has been installed at HASYLAB Beamline L using the existing
translation and rotation stages for adjustment. It can easily be exchanged with the microbeam
setup. The x-ray fluorescence analysis of light elements requires a vacuum environment (10-2
mbar) to avoid absorption of the low energy characteristic radiation. In addition it is advan-
tageous to measure in vacuum as scattering of the primary radiation in air is avoided and also
the Ar K-lines at 3 keV are not present in the spectrum. The chamber is equipped with an au-
tomatic sample loader for inserting the prepared sample reflectors in the measuring position
with high reproducibility. The fluorescence radiation emitted by the sample is measured by
a KETEK Silicon Drift Detector (SDD). The main advantages of these detectors light weight,
electrical cooling, excellent energy resolution (140 eV at 5.9 keV), high countrate processabil-
ity and high throughput up to several E5 counts per second. The active area of the detector is
5 mm2 but the short distance (3mm) between the crystal and the Be window leads to a large
solid angle.. Measurements were carried out with the Ni/C multilayer monochromator set to
10 keV on a sample containing 100 pg of Ni. Detection limits of 15 fg have been obtained.
Using the Si 111 crystal monochromator available at BL L, Cr K-edge XANES measurements
of C. Avellana L. (hazel) pollen have been performed. Cr content in the pollen amounts to
about 20 ppm, detection limits of Cr found to be 40 pg for 30 s measuring time, which seems
to be reasonable for performing XANES scans.
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Three dimensional (3D) quantum dot structures can be obtained, e.g., by the growth of self-
assembled quantum dot multilayers in which vertically and laterally ordered dot superstruc-
tures are formed as a result of the elastic interlayer dot interactions between the dots. This
not only results in a significant narrowing of the size distribution, but different 3D interlayer
correlations can be obtained by changes in the spacer thickness, as has been demonstrated
for the PbSe/PbEuTe quantum dot material system. Apart from microscopic techniques, X-ray
diffraction is a very powerful tool to characterize the ordering in such 3D assembled quan-
tum dot structures. However, the analysis of the diffraction spectra is usually complicated by
the weak scattering contrast between the self-assembled quantum dots and the surrounding
matrix material. In the present work, we therefore employ anomalous x-ray diffraction with
synchrotron radiation to drastically enhance the chemical contrast in such multilayers by tun-
ing the wavelength close to an inner shell absorption resonance. This technique is applied to
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determine the ordering of differently stacked self-assembled PbSe quantum dot lattices fabri-
cated by molecular beam epitaxy. In this case, the x-ray wavelength is tuned to the Pb M-shell
at 5.1 Åto enhance the scattering contrast between the PbSe dots and the matrix material in
comparison to the results obtained using conventional x-ray wavelengths around 1.5 Å. As
a result, it is shown that the lateral ordering is significantly better for 3D trigonal PbSe dot
superlattices as compared to those with 3D hexagonal dot arrangement.
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The angular dependence of the x-ray fluorescence in the grazing incidence region carries
information on the depth distribution of the elements detected. The concentration profile
cannot be directly derived from the measurement but knowledge about the sample can be
gained by iteratively changing a model depth profile and comparing the measured values
with values calculated on its basis. The divergence of the incident beam affects the shape
of the measured curve by broadening its features. Such effect can be accounted for by con-
voluting the calculated curve with the angular intensity profile of the primary beam. This
last parameter though is not easily measured and constitutes a further free parameter to be
determined by the fitting. The uncertainty in the absolute angle values adds difficulties in
comparing measured and calculated data. In the case of ion implants in Si wafers, an esti-
mate of the divergence and angle calibration can be obtained from the Si bulk signal. In this
case in the curve fitting procedure the uncertainty of the depth distribution is missing and the
other parameters can be determined. In particular the comparison between the first deriva-
tive of the measured and calculated curves is well suited for the estimation of the divergence
and the angle calibration. Moreover the intensity of the Si signal can be used for an absolute
quantification of the total implanted dose. With simulations it is shown that GI-XRF does not
have sufficient depth resolution in the contact region to meet the strict junction abruptness
requirements. However the technique is valuable for validating the measurements obtained
by other techniques. Arsenic ultra shallow junctions in Si formed by Solid Phase Epitaxial Re-
growth after implantation of a total dose of 2×1015 atoms/cm2 at 3 keV ion energy have been
analysed by Secondary Ion Mass Spectrometry, Medium Energy Ion Scattering and GI-XRF.
GI-XRF measurements help in resolving the lack of accuracy of SIMS in the first nanometers
due to the variation of the ionisation yields at interfaces. In fact it is in the very shallow
region where GI-XRF is most sensitive and relatively small changes in the concentration of
the implanted element can be observed making it valuable tool for the cross-checking of the
depth profiles obtained with the other techniques.
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