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Report:

We have performed a feadhility study for applying time-resolved XAS to the investigation of the growth
process of Ge dots on S substrates. Our goa was to assess the potentia of beamline ID24 (the dispersive XAS
beamline at the ESRF) to tackle growth kinetics studies on surfaces, usng a newly developed experimental setup
based on dispersive XAS in the reflection mode. This has become possible thanks to recent technical developments,
amed a increasing the beam gability on one sde (ingdlation of the local horizontal feedback on the 1D24 draight
section) and a decreasing the vertical spot Sze on the sample on the other (implementation of a third re-focusing
mirror in the verticd plane).

In the dlocated beam time we worked on the optimization of the sample aignment and data acquisition
procedure. We tuned the polychromator at the Ge K-edge (E ~ 11.1 KéV), and focused the beam to 30 mm x 30
mm (FWHM). The sample (typically afew mn?) was fixed on a double goniometer a grazing incidence angles 1 £
g (mrad) £ 4 with respect to the beam, at a distance of 0.6 m from the center of the re-focusng mirror. The CCD
detector was positioned D=1.7 m behind the sample. Particular care was taken to adjust the angle of rotation of the
plane of the sample around the axis of the beam, in order to intercept al the energies of the polychromatic fan at the
same grazing incidence angle.

Three samples were investigated:

sample 1: an oxidized Ge wafer (with an oxide layer dscox ~ 110 A, as measured by dlipsometry)

sample 2: athick (~ 480 A) Gelayer on Si(001)

sample 3: athin Gelayer (~ 70 A) with Ge dotson Si(001).



The firgt tests were aimed at establishing our surface sengtivity. Figure 1 shows calculated reflectivity curves
at E=11.1 KeV asafunction of grazing incidence angle, for different Ge layers on S. The figure shows that different
depths of sample can be probed by adjusting q between 1 and 4 mrad.
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Figure 2 shows a Ge K-edge spectrum (360 ms aquistion time) on sample 1. The smdl shoulder on the high
energy side of the edge corresponds to the absorption onset of the GeO, surface layer. The inset on the right shows
that by adjusting g between 1 and 3 mrad the intendity of this shoulder varies according to the portion of oxide layer
probed.
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In Figure 3 we plot spectrardative to sample 3 for different vaues of g. The absorption of the 70 A Ge layer
ismaximized for g < 3 mrad, as expected. In both cases (Figures 2 and 3) the spectra have a very limited energy
range (DE max above the edge ~ 100 eV), due to non-datistical noise arising from a lack of proper normalization
between the I, and I, intengties (thiswill become clear below where we describe the data acquisition method).
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Figure 3: Ge K-edge spectra on
sample 3 for different grazing
incidence angles g




In the second part of our tests, we tried to evauate our sengtivity to detect early structura modifications
around Ge asit is deposited on the S subgtrate. For this, we used as reference the Ge K-edge spectra relative to 2
modd gtuations Ge bulk and Geimpuritiesembedded in S, GeS (Figure 4). This figure shows strong modifications
of the near-edge structures in the two limit Stuations, and at the absorption onset the relative difference between the
spectra[GeS -Ge bulk] / [Ge bulk] reaches values of the order of 50%, due mainly to a shift of the edge towards
lower energies.

Figure 4. Ge K-edge spectra
relative to 2 model situations:
Ge bulk and Ge impurities
embedded in S, Ge: Si
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Note that the energy range of Figure 4 is comparable to those of Figures 2 and 3: thisindicates that even with
such arestricted energy range it should be possible to obtain detailed information on the growth kinetics, if the noise
level islow enough and if the time resolution for data acquisition can be matched to the relevant timescale for growth.

Our time-resolved data acquisition procedure consisted in:

i) record an lo; spectrum through ar
if) verticdly trandate the sample upward to intercept the beam and lift the CCD detector an amount 23D to
intercept the reflected beam.

i) record (I1); spectrareflected by the sample with i=1,N.

\Y) verticaly trandate the sample downward to remove it from the beam and lower the CCD detector an amount
209D to intercept the direct beam.

V) record an lo, spectrum through ar

Vi) perform In[lgi/( 11)i], where lo; isobtained by alinear interpolation of 1o, and lop.

During these feashility tests, no treatment was gpplied to the sample, s0 the time-resolved tests were uniquey
devoted to assess the best time-resolution we could obtain with a reasonable S/N. Acquisition times of the order of
200 — 500 ms were used for the (I,); spectra. Figure 5 shows the difference signal between two successive h
spectra on sample 2, with an acquisition time of 270 ms each. The totd time elapsed between the two acquisitions is
490 ms since it includes the readout time of the CCD camera (220ms). Figure 5 shows a pesk-pesk noise level in
the difference sgnd lower than 1%. This noise leve is sufficiently low to engble the detection of the first few A of Ge
during growth.
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