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With the rapid development of the optical fiber communication networks in recent years, the
wavelength division multiplexing system demands fiber amplifiers with broader gain bandwidth in
the telecommunication window. Great efforts have been devoted to explore and synthesize new gain
media which possess much broader luminescence bands than conventional rare earth ions doped gain
media. One successful example is Bi doped silica-based glasses. Recently, porous Si can be
integrated with other optical devices by conventional microelectronic technology. Therefore,
oxidized porous Si provides the possibility of fabricating a small size optical amplifier which can be
integrated in thin film optical devices. In the first part of my thesis (chapter 2), the broadband
luminescence from Bi doped oxidized porous Si thin film is studied.

At the same time, an ultraviolet light-emitting diode (LED) chip combined with red, green and’
blue phosphors have attracted much aftention due to their wide range of color temperature tunability.
Among rare earth (RE) ions, europium (Eu*") and samarium ion (Sm®") are preferable choices for
red emitting phosphors. However, the optical absorption of rare earth jons is very weak due to the
forbidden nature of intra 4f shell transition. Photosensitization is an éﬂ'ective way to obtain bright
luminescence from RE ions. Previous reports indicate that RE ions coupled with silver (Ag) species
such as Ag particles, Ag clusters, and Ag ions are very promising for photoseﬁsitim'tion of RE ions
excited in the ultraviolet region. Zeolite is one of the most suitable host materials for the formation
of metal clusters. In the second part of my thesis (chapter 3 and 4), photoluminescence properties of
Ag clusters/ions and rare-earth ions codoped zeolite are studied.

In chapter 2, optical properties of bismuth (Bi) doped oxidized porous Si thin films are studied
for the first time. The samples are prepared by a solution-based method, consisting of anodic etching
of Si wafer and dip coating. Photoluminescence (PL) spectra of Bi doped oxidized porous Si indicate
that this material shows two broad near infrared (NIR) luminescence bands centered at 845 nm and
1410 nm under 488 nm excitation. In order to clarify the condition for the activation of Bi ions in
oxidized porous Si thin films, the oxidation temperature dependence of the PL spectra is studied. The
oxidation temperature dependence pfoperty revealed that oxidation of Si into silica is indispensable
for the activation of Bi NIR centers in oxidized porous Si.

PL properties of Bi doped porous silica thin films annealed at different atmospheres are also
studied. The NIR luminescence strongly depends on the annealing atmosphere and temperature. 3D
emission-excitation graphs from visible to NIR are obtained for samples annealed in air and Nz. The
sample annealed in air does not show luminescence in NIR region. It shows a broad PL @md 530
nm with an excitation band at wavelength shorter than 300 nm. The PL and the PL excitation
features are very similar to those of Bi doped germinate glass and the PL is in general assigned to
Bi**. When the excitation wavelength is 320 nm, a PL peak appears around 606 nm for the sample
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annealed in N; gas. This orange emission has been reported for various materials, e.g., SrB407, and
is usually assigned to Bi*". To elucidate the mechanism of NIR luminescence, the excitation
wavelength dependence of the NIR PL intensity is studied. The PL excitation spectra indicate that
Bi" and Bi dimer are responsible for the NIR PL. Robustness of NIR PL intensity and decay time
against temperature is shown by measuring the steady state and time-resolved PL from 8 to 300 K.
The above results indicate tﬁat multiple Bi luminescence centers, such as Bi3+,‘ Bi**, Bi*, and Bi
* dimer, are stabilized in porous silica. The ultra-broadband of the NIR luminescence with the lifetime

of few hundreds microseconds suggests that the porous silica thin film is a promising material for a

Si based waveguide type optical amplifier at optical telecommunication wavelengths.

In chapter 3, photosensitization of trivalent Eu** ions by Ag clusters is achieved by
simuitaneously doping Eu and Ag in zeolite Y cages. The Eu and Ag doped zeolite Y is prepared by
an ion exchange process. The PL due to the Dy—"F, ‘transition of Eu®* ions at 613 nm is
significantly increased by the presence of Ag clusters. In Eu and Ag codoped samples, PL from Eu
increases with increasing Ag concentration. The PL is at most 27 times increased by co-doping Ag.
To elucidate the mechanism of the PL intensity increase, the excitation wavelength dependence of
the PL spectra is studied. The excitation spectrum of codoped sample (zeolite:Eu,Ag) is different
from that of zeolite:Eu. It has a very broad PL excitation band and the intensity is much stronger
than that of zeolite:Eu in the whole excitation wavelength range. Comparison between the excitation
wavelength dependence of the PL from Eu and the absorption spectra reveals that the PL increases at
wavelengths where Ag cluster has absorption. This is a clear evidence that the PL increase is due to
energy transfer from Ag clusters to BEu ions. To study the energy transfer process in detail,
time-resolved PL measurements are perfonned By doping Eu, the PL lifetime of Ag cluster first
increases and then decreases with increasing Eu concentration. The increase of the lifetime may be
due to quenching of nonradiative processes of Ag clusters by isolating them from water molecules
by Eu codoping. The shortening of the lifetime is probably due to the energy transfer from Ag
clusters to Eu®* jons. The results suggest that zeolite is a promising host material for the sensitization
of RE ions and metal clusters. .

In chapter 4, photosensitization of Sm™ ions by Ag ions is achieved by simultaneously doping
Sm and Ag in zeolite A cages. PL from the *G,ys—°H,y, transition of Sm* ions at 600 nm is found to
be more than 30 times enhanced by the presence of Ag ions. The excitation wavelength dependence
of the PL intensity coincides well with the absorption spectra of Ag iops in the ultraviolet region,
indicating that Sm’* ions are excited by the energy transfer from Ap ions. The results suggest that the
metal ions doped zeolite A is very promising as phosphor materials for ultraviolet LEDs.

Chapter 5 is the conclusions of my thesis.
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