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Abstract

Silicon carbide (SiC) films exhibit several advantages such as wide band gap, good
radiation resistance, high thermal conductivity, superior mechanical strength and
chemical inertness. These unique properties endow SiC films with great potential for
applications in the power microelectromechanical systems (MEMS) in harsh environments,
high-temperature electronic and optoelectronic devices applications (light emitting diodes). The
heteroepitaxy of the SiC films is very important since high quality SiC wafer is
expensive and hardly to be achieved. However, the performance of the heteroepitaxial
SiC films is often dependent on the film/substrate interaction due to the mismatches of
thermal expansion coefficient and lattice constant at the interface. And residual strain
accumulated at the interface can lead to warping problems. Therefore, there has been a
considerable amount of interest in the development of alternative technique for
producing SiC films which may avoid the significant difference of the thermal
expansion coefficients between SiC and substrate.

SiC films are also explored as one of the most outstanding blue luminescent
materials, but they can not emit light efficiently enough at room temperature due to their
indirect band gaps. Recently, amorphous SiC, porous crystalline SiC, nanometer SiC
and doped SiC have been reported to improve the blue luminescent efficiency and
stability. Several models have been proposed to explain the luminescence, such as
quantum confinement, surface states and defect states. However, the luminescent
efficiency is still too low to be used in actual devices, and the origin of the observed
light emission was not clear. Thus, further experimental and theoretical investigations
were needed to address this issue.

In this thesis, a novel technique based on melt spinning of precursor was
introduced to produce continuous freestanding SiC films. The Polycarbosilane (PCS)
and Polyaluminocarbosilane (PACS) precursors were deaerated, melt spun, crosslinked
and pyrolyzed at high temperature in order to convert the initial precursors into
freestanding SiC films. The photoluminescence (PL) properties and mechanism of
samples were demonstrated through their microstructure and spectroscopy analysis.
Effects of oxidation time, doping, sintering and annealing temperatures on the
physicochemical properties and microstructural evolution of the SiC films were further
investigated. Much of analysis and discussion will then reveal the factors related to the

PL properties and microstructural evolution of the films. The obtained results would
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Abstract

help to explore the SiC blue-emitting mechanisms and facilitate the application of SiC
films in advanced optoelectronic devices, MEMS and such complex shaped-materials.
The main subjects and results are summarized as follows:

1. PCS and doped PCS precursors were prepared using a one-pot method. The PL
spectrum of precursors showed a wide luminescence band from 360 nm to 450 nm, and
the origin of PL was also investigated. Comparing PL spectra of different samples, it
was revealed that the PL intensity from the PACS was larger than that from the PCS and
Dy-PCS. The dense and continuous freestanding SiC films were first synthesized using
the novel technique of melt spinning of PCS precursor. An equipment consisted of
spinneret, mandril, tank, seal cover and seal groove was successfully set up for melt
spinning. In comparison with heteroepitaxy process, the freestanding films could avoid
mismatches of thermal expansion coefficient and lattice constant at the interface
between SiC coatings and substrate. The thickness of the films ranged from 8 um to 190
pm depending on the spout size of spinneret mouth and spinning speed. The PL spectra
of films appeared in the visible light range and had a broad spectra feature with two blue
peaks at 416 nm and 435 nm under 375 nm excitation of a Xe lamp.

2. Effects of curing time and pyrolysis temperature on the PL properties of SiC
films were demonstrated. The interface structural evolution and PL mechanism were
also examized. The results and conclusions were as follows: (1) By increasing the
curing time, the oxygen, SiOxCy and free carbon content enhanced as the size of B-SiC
grains decreased. (2) The PL spectra showed two strong blue emissions at 416 nm and
435 nm, which were unchanged neither with oxygen content nor with B-SiC crystallite
size. The PL intensity enhanced with increasing curing time when sintered at 1200 °C.
However, a reversed trend was identified after the films were sintered at 1300 °C. (3)
Spectroscopy and microscopy studies provided the evidences that photoexcitation
occurred in the B-SiC nano-crystals cores, while photoexcited electrons and holes in the
B-SiC nano-crystals transferred into the oxygen mono- and di-vacancy defect centers
from SiOxCy surrounding the B-SiC nano-crystals and radiatively recombine there. (4)
The higher PL intensity of samples cured for 10 h and sintered at 1150 °C was attributed
to quantum surface effect and defect states. But too many flaws caused by the
decomposition of SiOxCy at elevated temperature. And the flaw content increased with
the rise of sintering temperature, more complex quenching defects and therefore

nonradiative recombination were formed. The PL efficiency declined, evidently.
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