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ABSTRACT

The thin film samples in the composition of (100-x)SiO,—(x)ZrO, doped 0.58 mol%
Er’* with x varies from 30 mol% to 70 mol% were prepared via sol-gel dip coating
technique, meanwhile the nanofibres were prepared using electrospinning technique.
All the thin film samples were characterized for morphological, optical and structural
properties while the nanofibres samples were characterized based on the
morphological and optical properties. The AFM results of the thin film samples
showed that the surface morphology were crack-free with compact and uniform
structure. The thickness, surface roughness and refractive index of the thin film
samples increases as the X mol% increase, meanwhile the transparency of the films
reduced. The XRD results of thin film samples showed that tetragonal phase of ZrO,
and amorphous phase of SiO, were observed. The narrowing of the diffraction peak
width indicates the better crystallinity of the films at higher content of zirconia. The
luminescence spectra of thin films showed that there was an increase in the emission
intensity which results in the enhancement of the green and red emission from the
samples. The observed emission spectra exhibit three strong emission bands centered
at 578 nm, 655 nm and 678 nm which correspond to the 4S50 — *Ijsp and 4F9/2 — Mysp
transition respectively. The addition of ZrO, into the silica glass matrix facilitates the
Er’* ions to disperse homogeneously within the matrix and thus promotes intense
luminescence intensity. For nanofibres samg)les, PVA solution was added into the
(100-x)Si0,—(x)ZrO, doped 0.58 mol% Er’* solution in order to achieve desired
viscosity for electrospinning process. Based on FESEM images, the images of (100-
x)Si0,-(x)ZrO, doped 0.58 mol% Er’*/PVA nanofibres samples showed the
electrospun nanofibres consisted of smooth and uniform surfaces with random
orientation. The nanofibres images after the calcinations process at 600°C showed the
surface morphology of nanofibres is well preserved and exhibits shrinkages with
average diameters reduced by about 25%. Finally, the luminescences properties of
nanofibres as compared to thin film have showed that nanofibres sample demonstrate
higher intensity of emission and shifting the erbium emission to the lower wavelength.
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CHAPTER ONE
INTRODUCTION

1.1  BACKGROUND

Erbium is a well known rare earth element that has been classified into the
group of the lanthanides. The symbol of Er contains atomic number of 68 with
electronic configuration of [Xe] 4f2 6s°, where [Xe] represents the close shell
electronic configuration of xenon. Erbium normally assumes as the trivalent charge
state (Er’*) with an electronic configuration of [Xe] 4f™ in most materials. The Er’* is
appears as pink-colored salt. Er’* emission is frequently used for optical doping to
modify the electronic properties of the material. Most of rare-earth ions such as Er’*
ions are present luminescence. Luminescence is defined as the emission from an
excited electronic state [1]. When the ion is excited, it absorbs energy which causes an
electron to jump from the ground level to the excited level. Then, the electron will fall
back to the ground level and releasing the excess energy in the form of photon.
Recently, Er’* ions are well known material for optical signal amplification at C-band
(1550 nm) region [2]. It is known that erbium amplification at 1550nm coincides with
low loss region of silica fibers [3].

Silicon dioxide (SiO,) is also known as silica which comprised of silicon and
oxide. Naturally, silica is found in two different forms that are amorphous and
crystalline. Silica network former (SiO4)” is consist of silicon atom at the centre of a
tetrahedron with an oxygen atom bonded to each corner. The strong electron bond
which exists between the silicon (Si) and oxygen (O) atoms offers the silica glass its
impressive mechanical strength and thermal properties. SiO, is one of the most
significant materials in optics industry. It is widely used for the optical fiber and
waveguides [4]. Previously, SiO; glass has been efficiently used as the basic host of
Er’* ions due to the coincidence between the standard telecommunication wavelengths
at 1550 nm and lowest loss region in the absorption spectra of silica glass. In order to
comply with integrated optics (IC) technology, large concentrations of Er’* ions must
be homogeneously built-in to the glass matrix to achieve high optical amplification

gain. Unfortunately, above certain doping levels, rare earth ions incline to form



