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Report:

During the last 10 years, semiconductor nanostructures have been investigated extensively in order to
study the effect of quantum confinement on the physical properties of semiconducting materials. Group 1V
(i.e. S and Ge), nanostructures embedded in a dielectric layer can emit light and store carriers suggesting
future applications in optoelectronic and non-volatile memory devices.

Figure1 : AFM image in tapping mode of germanium dots grown on a silicon (001) surface covered by athin
nitride layer.

A major difficulty in the fabrication is that nanometric dimensions and high density of dots have to be
achieved in order to make the devices operate at room temperature. Recently germanium dots have been
grown by Molecular Beam Epitaxy (MBE) on a silicon (001) surface covered by athin (1.2 nm thick) silicon



oxide [1] and/or glicon nitride layer [2]. Growth has been performed on an MBE machine installed on the
CRG IF beamline (BM 32). The experimental procedure, which induces the growth of high-density
(4x10"/cm?) and nanometric size germanium dots on silicon oxide and silicon nitride has been described
previously [1,2]. Despite the presence of a thin dielectric layer germanium dots grown by MBE exhibit an
epitaxial relationship with the underlying silicon substrate. In order to optimise the growth procedure a
systematic characterisation of the density and shape of dots has been performed by Atomic Force Microscopy
(AFM) observations in the Surface Science Laboratory of ESRF ( see Figure 1).

Grazing Incidence X-ray Diffraction (GID) experiments have been performed on the ID1 beamline in
order to investigate the structural properties of germanium dots (see Figure 2).
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Figure 2 : The radial scans of the germanium dots. (a) few nm, (b) 12 nm size, grown on a silicon
(001) suitace covered by athin silicon nitride layer.

Two different set of samples have been investigated: germanium dots grown through a very thin SizNy4
layer on the Si (001) surface and the same germanium dots subsequently buried by a thick SisN4 capping layer.
From the GID measurements at the (220) surface reflection the strain distribution inside the dots has been
determined. The radial scans from (220) germanium to the (220) silicon Bragg peak for two different samples
are shown in Figure 2. For small dots (few nanometers diameter) only a small asymmetry can be detected close
to the silicon Bragg peak (Fig 2(a)) indicating a high degree of pseudomorphic strain inside the dots. Larger
dots (~12 nm) exhibit a large distribution of in-plane lattice parameter induced by an elastic strain relaxation
(Fig 2(b)). For al samples, the Grazing Incidence Small Angle X-ray Scattering (GISAXS) measurements
were also performed in order to determine the size and shape of the germanium dots.
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