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ABSTRACT

High intensity of rare earth ion emission in silica (SiO2) is highly desirable for
photonics applications such as laser, display, etc. Incorporation of alumina (Al2O3) in
SiO2 would reduce ion clustering and phonon energy of the glass, therefore enhance
the rare earth ion emission intensity. However, previous study has shown that the rare
earth ions clustering is still identifiable that it would affect the ion emission.
Incorporation of the rare earth ions in nanosized structure is beneficial for unique and
enhanced emission intensity. Thulium (Tm®") doped 90SiO2-10Al:03 (mol%)
nanofibers were successfully fabricated by the sol-gel/electrospinning techniques. The
nanofibers retain the fibrous structure after thermal treatment at 950°C. Tm*" doped
Si02-Al203 nanofiber and thin film multi-layered structure demonstrates broad
spectral width with notable high emission intensity. This multilayer structure
comprised of thin film sandwiched between two nanofiber layers. The emission
spectrum exhibited more than five-fold enhancement at 680 nm wavelength and about
51 nm spectral bandwidth, as compared to the emission from a thin film layer. The
emission peaked at shorter wavelength by about 30 nm from the spectral peak of thin
film. The manifestation of the nanostructured layers, which alters the energy levels of
Tm3* due to confinement of the ions in low dimensional structure combined with the
effect from thin film, resulted in the spectral broadening and increased of emission
intensity. The order of depositing nanofiber and thin film layers affects the
luminescence intensity and peak spectrum wavelength. Thus, tailoring the order in
which these layers are to be deposited allows a particular emission characteristic to be
achieved.
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CHAPTER ONE
INTRODUCTION

1.1  Research Background

Various rare earth ions are of interest due to their potential in numerous range
of applications including laser technology (Vienne et al., 1998; Moncorgé, Merkle and
Zandi, 1999; Managaki et al., 2006; Bourhis et al., 2015; Gao, et al., 2015), display
device (Leskela and Niinistd, 1992; Ballato, Lewis and Holloway, 1999; Suyver et al.,
2006), optical amplifier (Feuchter et al., 1992; Mukherjee, 2000; Minh et al., 2002;
Son et al., 2014), optical sensor (Potter and Sinclair, 1998), etc. It is known that the
rare earth elements provide a large number of available absorption and emission bands
that are useful for many optical and photonics applications. For example, in visible
(VIS) region, europium (Eu®") ion emits red (Nogami and Abe, 1996; Jia, Shao and
Han, 2013; Ran et al., 2018) terbium (Tb%*) ion emits green, (Armellini et al., 1999;
Xia et al., 2015) and thulium (Tm®*) ion emits blue and weak red, (Bonar et al., 1997;
Otto, Brewer and Silversmith, 2000) colour. These rare earth ions materials are
beneficial for laser and lighting applications. Meanwhile, in the near infra-red region,
Er¥* (Benatsou et al., 1997; Filho et al., 2015; Aboud, 2016) and Tm*" (Gao et al.,
2015; Wang et al., 2015) ions are widely used for signal amplification in an optical
amplifier.

Silica (SiO2) glass has been widely used as the rare earth host due to its
outstanding properties such as high transparency over a wide range of wavelength,
high mechanical strength, strong thermal resistance, inexpensive, etc. (Mukherjee,
1980; Qiao et al., 2007; Wu, et al., 2012; Wang et al., 2015). In photonics application,
high photoluminescence intensity of the rare earth ion is desired for the efficiency of
the optical device. Therefore, a high concentration of the rare earth ions is needed as a
dopant in SiO; glass. However, the presence of a high amount of the rare earth leads
to the ions clustering which is due to their low solubility in SiO2 host matrix (Wang et
al., 2015). This is due to the rigid structure of SiO2 glass and the insufficient number
of non-bridging oxygen atoms in SiO> glass that would cause the rare earth ions to

cluster among each other (Auzel and Goldner, 2001; Monteil, et al., 2004). As the
1
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