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Abstract

Bulk silicon as an indirect bandgap semiconductor is a poor light emitter. In
contrast, silicon nanocrystals (Si NCs) exhibit strong emission even at room
temperature, discovered initially at 1990 for porous silicon by Leigh Canham.
This can be explained by the indirect to quasi-direct bandgap modification of
nano-sized silicon according to the already well-established model of quantum
confinement.

In the absence of deep understanding of numerous fundamental optical
properties of Si NCs, it is essential to study their photoluminescence (PL)
characteristics at the single-dot level. This thesis presents new experimental
results on various photoluminescence mechanisms in single silicon quantum
dots (Si QDs).

The visible and near infrared emission of Si NCs are believed to originate
from the band-to-band recombination of quantum confined excitons. However,
the mechanism of such process is not well understood yet. Through time-
resolved PL decay spectroscopy of well-separated single Si QDs, we first
quantitatively established that the PL decay character varies from dot-to-dot
and the individual lifetime dispersion results in the stretched exponential
decays of ensembles. We then explained the possible origin of such variations
by studying radiative and non-radiative decay channels in single Si QDs. For
this aim the temperature dependence of the PL decay were studied. We further
demonstrated a model based on resonance tunneling of the excited carriers
to adjacent trap sites in single Si QDs which explains the well-known thermal
quenching effect.

Despite the long PL lifetime of Si NCs, which limits them for optoelectronics
applications, they are ideal candidates for biomedical imaging, diagnostic
purposes, and phosphorescence applications, due to the non-toxicity,
biocompability and material abundance of silicon. Therefore, measuring
quantum efficiency of Si NCs is of great importance, while a consistency in
the reported values is still missing. By direct measurements of the optical
absorption cross-section for single Si QDs, we estimated a more precise value
of internal quantum efficiency (IQE) for single dots in the current study.
Moreover, we verified IQE of ligand-passivated Si NCs to be close to 100%,
due to the results obtained from spectrally-resolved PL decay studies. Thus,
ligand-passivated silicon nanocrystals appear to differ substantially from
oxide-encapsulated particles, where any value from 0 % to 100 % could be
measured. Therefore, further investigation on passivation parameters is
strongly suggested to optimize the efficiency of silicon nanocrystals systems.
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