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ABSTRACT

ABSTRACT

In recent years, organic polymer material has been attracting more and more
attention because of its unique performance and its low cost. Polymer optoelectronic
devices such as arrayed waveguide gratings, electro-opticmodulators, optical switches
and waveguide amplifiers has been involved in almost every field of integrated optics.
The waveguide amplifer make use of the rare earth ions incorporated into waveguide
to generate stimulated radiation under the action of pumping by pump light, finally we
achieved the amplification of the signal light. In this paper, we used neodymium
tenary complexes Nd(TTA);(TPPO), as an active material to prepared the
silicon-based polymer waveguide amplifier and studied the characteristics of the
device gain in the 1060 nm wavelength. The main researches in this paper are as
follows:

1. A neodymium complex, Nd(TTA);(TPPO), (HTTA: 2-thenoyltrifluoroacetone,
TPPO: triphenylphosphine oxide) was synthesisized and doped into the organic
polymer SU-8, then the uniform doping and good film forming properties of the
neodymium-doped  polymer Nd(TTA)3;(TPPO),/SU-8 was obtained. And its
fluorescence half high width was 25 nm at 1060 nm through measuring its absorption
and fluorescence spectra.

2. According to Judd-Ofelt theory, combined with absorption and emission
spectra, the absorption cross section,emission cross section, and fluorescence lifetime
of Nd(TTA)s(TPPO),/SU-8 polymer were obtained. The atomic rate equation and the
optical power transfer equation of the four level structure of Nd** ion were established,
and the theoretical model of the gain of Nd®" doped polymer optical waveguide
amplifier was obtained. Then we analysized the factors of influencing the gain of
optical waveguide amplifer by theoretical simulation at wavelength of 1060 nm.
These factors are the concentration of Nd** ion, the emitting cross section of the

signal, the absorption cross section of the pump light, the cross-sectional area,
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ABSTRACT

fluorescence lifetime and other parameters. The analysis showed that: when the
concentration of neodymium ions was 5.86x10” m™ , the pump wavelength was 808
nm and the pump power was 140 mW, the amplifier device achieved 4.83 dB/cm of
the theoretical gain at 1060 nm.

3. We studied and discussed the waveguide amplifier’s preparation conditions
which were spin coating, sputtering aluminum layer mask, photoetching,development
and reactive ion etching. We designed and fabricated waveguide amplifier devices
which used the polymer Nd(TTA)s;(TPPO),/SU-8 as the core layer material based on
the rectangular structure, finally we characterized the morphology of the device.

4. We constructed optical waveguide coupling gain testing system through which
we made the performance testing of the fabricated device. Finally, we got a
small-signal gain of 4.8 dB measured in a 20-mm-long sample under these concrete
conditions when the concentration of Nd*" was 5.86x10%* m™, the pump power was
140 mW , the signal power was 0.1 mW and the sectional dimensions was

4pum X 6um, thus a gain of 2.4 dB/cm was obtained.

Keywords: Nd”* ions; Nd(TTA);(TPPO),/SU-8; optical waveguide amplifier
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