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Report:
During the experiment SI-1007 we have studied the processes of sputter deposition and ion bombardment of W
thin films using grazing incidence X-ray scattering. The objective of the experiment was the determination of
the roughness spectrum evolution in term of scattering diagrams recorded in real time.
The setup used for the experiment is shownin Figure 1. It consist of a vacuum chamber with ultimate pressure
10" hPa, a magnetron sputter source, an ECR ion source, and a liquid-nitrogen cooled CCD camera (1024x256
pixels, Princeton Instruments) coupled to an image intensifier from Proxitronic. The scattering geometry, and
the gatia resolution of the detector (LSF = 170 um) placed at 1 m from the sample, enabled us to obtain
information about the surface with spatial wavelengths spanning from 0.15 pm™ up to 50 pm™. As the exposure
time necessary for accumulating high quality XRS data (see Fig. 1) was in the order of the time needed to grow
(or remove) amonolayer of material (0.2- 1 nm/min), real-time monitoring of the processes has been possible.
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Figure 1 Setup of the experiment

Two experiments in situ during growth and erosion tungsten film were performed subsequently at different
grazing angle of probing beam namely g, = 0.125 deg and 0.5 deg, so that the beam fell onto sample either in
the total external reflection (TER) region or out of it (OTER) (the critical angle at aworking energy of 17.5
keV is about 0.25 deg for tungsten). Tungsten films were thus deposited onto silicon substrates under identical
technological conditions and the diffuse scattered intensity distribution was recorded in situ as afunction of the
grazing scattering angle. Using an ionization chamber placed downstream of the sample the intensity specularly
reflected was recorded in parallel. Immediately after the deposition process the film was irradiated with 1 keV
Ar ions and a set of measurements were performed following the same method. The measurements of the
scattering diagram were performed after each 30 s of deposition, and integration time of CCD detector was 0.1
sor 30 sfor measurement in TER or OTER, respectively.
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Figure-2: PDs calculated (PDy) from a sequence of scattering diagrams recorded at different film thicknesses and
mutual correlation between film and substrate topography(PSDg). The solids lines shows the smoothened PSDs
extracted using a logarithmic fit of the measured data.

As an example, figure 2 shows PSDs of the external surface cal culated™? from the diffuse scattering diagrams
during the growth process and the PSDs representing the mutual correlation between film and substrate
topography. In parallel, the total reflectivity signal was used to extract information about film density and
thickness variation with time during the experiment necessary for the extraction of the PSD function.

As one can see, the PSD-functions of the external film surface increase with the film thickness due to the
development of intrinsic film roughness. Moreover, the variation of the PSD-function is more pronounced at
high spatial frequencies, as aso predicted from the existing theories on film growth*, In the measured range of
gpatial frequency this increase in the PSD corresponds to a dight increase of the rms roughness, from 0.18 nm
for the bare substrate up to 0.23 nm after deposition of a 24.6 nm thick film. The analysis of the PSDs
presented on figure 2, enabled us to obtain the expected information: 1) the evolution of the cross correlation
between film topography and substrate of the study processes ® 2) the scaling behavior of thefilm during both
growth and erosion of tungsten film The scaling exponents characteristic of the two processes were finaly
obtained through a data collapse of the found in roughness spectra.

These results are novel and proved the suitability of the method to quantitatively analyze growth processes in
alternative to conventional scanning probe techniques, e.g., (AFM or STM). The experiment is thus considered

successful.
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