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Abstract

Silicon as a mono-crystalline bulk semiconductor is today the predominant
material in many integrated electronic and photovoltaic applications. This
has not been the case in lighting technology, since due to its indirect bandgap
nature bulk silicon is an inherently poor light emitter.With the discovery of
efficient light emission from silicon nanostructures, great new interest arose
and research in this area increased dramatically.However, despite more than
two decades of research on silicon nanocrystals and nanowires, not all aspects
of their light emission mechanisms and optical properties are well understood,
yet.There is great potential for a range of applications, such as light conversion
(phosphor substitute), emission (LEDs) and harvesting (solar cells), but for
efficient implementation the underlying mechanisms have to be unveiled
and understood.Investigation of single quantum emitters enable proper
understanding and modeling of the nature and correlation of different optical,
electrical and geometric properties.In large numbers, such sets of experiments
ensure statistical significance. These two objectives can best be met when a
large number of luminescing nanostructures are placed in a pattern that can
easily be navigated with different measurement methods.This thesis presents
a method for the (optional) simultaneous fabrication of luminescent zero-
and one-dimensional silicon nanostructuresand deals with their structural
and optical characterization.Nanometer-sized silicon walls are defined by
electron beam lithography and plasma etching. Subsequent oxidation in the
self-limiting regime reduces the size of the silicon core unevenly and passivates
it with a thermal oxide layer.Depending on the oxidation time, nanowires,
quantum dots or a mixture of both types of structures can be created.While
electron microscopy yields structural information, different photoluminescence
measurements, such as time-integrated and time-resolved imaging, spectral
imaging, lifetime measurements and absorption and emission polarization
measurements, are used to gain knowledge about optical properties and light
emission mechanisms in single silicon nanocrystals.The fabrication method
used in this thesis yields a large number of spatially separated luminescing
quantum dots randomly distributed along a line, or a slightly smaller number
that can be placed at well-defined coordinates. Single dot measurements
can be performed even with an optical microscope and the pattern, in which
the nanostructures are arranged, enables the experimenter to easily find the
same individual dot in different measurements.Spectral measurements on the
single dot level reveal information about processes that are involved in the
photoluminescence of silicon nanoparticles and yield proof for the atomic-
like quantized nature of energy levels in the conduction and valence band,
as evidenced by narrow luminescence lines (~500 µeV) at low temperature.
Analysis of the blinking sheds light on the charging mechanisms of oxide-
capped Si-QDs and, by exposing exponential on- and off-time distributions
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instead of the frequently observed power law distributions, argues in favor of
the absence of statistical aging. Experiments probing the emission intensity
as a function of excitation power suggest that saturation is not achieved.
Both absorption and emission of silicon nanocrystals contained in a one-
dimensional silicon dioxide matrix are polarized to a high degree. Many of the
results obtained in this work seem to strengthen the arguments that oxide-
capped silicon quantum dots have universal properties, independently of
the fabrication method, and that the greatest differences between individual
nanocrystals are indeed caused by individual factors like local environment,
shape and size (among others).
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