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Abstract

Silicon is an ubiquitous electronic material and the discovery of strong
room temperature luminescence from porous Si in 1990 raised hopes it may
find a new lease of life in the emerging field of optoelectronics. First, the
luminescence was shown to be emitted from nanostructures remained in a
porous Si network. Later the same emission was shown from Si nanocrystals
and the concept of a Si quantum dot emerged. Yet a number of different
models have been proposed for the origin of light emission. Some involved
interface states between a Si nanocrystal and the surrounding shell, while
others considered the effect of quantum confinement in an indirect bandgap
semiconductor.

In this work a single Si nanocrystal was addressed to shed light on the
mechanism of luminescence. Nanocrystals were prepared using e-beam
lithography with subsequent etching and oxidation of silicon nanopillars. In
particular, the non-uniform oxidation in self-limiting regime was successfully
used to form a single nanocrystal inside nanopillars. This preparation method
allowed optical probing of a single nanocrystal with far-field optics.

Results revealed sharp luminescence spectra at low temperatures with a
linewidth less than the corresponding thermal broadening. This property is
a signature of energy level discreetness, which is, in turn, a straightforward
consequence of the quantum confinement model. Another effect observed
was a random on-off blinking, which is also regarded as a hallmark of single
fluorescent objects. This effect appeared to be dependent on the excitation
power density suggesting the involvement of Auger-assisted ionization in the
dynamics of nanocrystal luminescence. In addition, it was shown how a change
in the optical mode density affects the main parameters of luminescence from
Si nanocrystals, such as the radiative lifetime, the quantum efficiency and the
total yield.

Finally, in order to clarify the influence of morphological properties,
such as size or shape, of a Si quantum dot on its luminescence, combined
low-temperature photoluminescence and transmission electron microscopy
investigations were initiated. A method was developed using focused ion beam
preparation for such a joint characterization.

To conclude, the work gives support to the quantum confinement effect
in explaining the light emission mechanism from nano-sized Si, as well as
highlights the importance of morphological structure in the luminescence
process.
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