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ABSTRACT

Li Zhao (Organic Chemistry)
Directed by Prof. Shen Yuquan

Compared with electrons, photons can carry and receive information with
higher capacity, faster, more efficiently and over longer distances. There is little
disagreement that the next generation will be an optical generation. During the long
transition of electronic to photonic generation, the hybrid technology of
optoelectronics-in which electrons interface with photons-will become increasingly
important. As a result, electro-optic (E-O) materials as one of optoelectronic
materials possess enormous potential for communication technology. Organic
polymer nonlinear optical (NLO) E-O materials have incomparable advantages over
inorganic and semiconductor E-O materials such as lithium niobate (LiNbO,) and
gallium arsenate (GaAs). Now the research is focused on how to increasing the E-O
coefficient and stability of materials, and reduce the optical loss at the same time.
This dissertation will discuss the design, synthesis and characterization of side-chain
and crosslinkable polymer E-O materials, the study of waveguide clading layer, the
measurement of optical loss in the organic polymer films and the device fabrication

technology.

1. Using three kinds of polymer systems, five NLO chromophores and thirteen
kinds of novel polymer E-O materials has been synthesized. Among them,
twelve kinds of polymer E-O materials have been never reported in the

literature.

2. Two series eight kinds of novel polyimides E-O materials has been designed and
synthesized. It was found for the first time that the different loading position of
NLO chromophore on the diamine or diacid anhydride could cause the great
difference in the E-O property, solubility and film-forming property of the
materials. Different from the common synthetic strategy, we firstly synthesized
the polymer main chain structure and then introduced the NLO chromophore

employing post azo-coupling reaction. This method not only avoided the tedious
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synthetic process of the NLO chromophore containing monomers, but also got

products with high yield.

Two kinds of novel crosslinkable polyurethane NLO materials based on
bisphenol A have been designed and synthesized. The commonly used synthetic
strategy of crosslinkable polyurethane materials usually introduced the humidity
sensitive crosslinking agent in beginning of the polymer synthetic process. This
made the following synthesis and purification process very difficult. The product
is easy to absorb water and the side reaction is serious. In our synthetic method,
polymer main chain was firstly synthesized, the NLO chromophore was
introduced in the second step by post azo-coupling reaction. The crosslinking
agent was added in the last step. So the side reaction was decreased dramatically
and the product is not sensitive to humidity and the product has a better film
forming property. This work already applied a Chinese Patent and the material

was used to fabricate E-O modulators successfully.

The above two kinds of E-O materials have excellent properties. 1) High E-O
coefficient: the dy; coefficient of three kinds of polyimides materials is 50 pm/V
and the crosslinked polyurethane BP-AN-2N has a d; coefficient as high as 320
pm/V compared with the literature reported 120 pm/V in the similar compounds.
2) Acceptable optical loss: the optical loss of polyimide PB-1 with 40%
chromophore loading density is 2dB/cm in the 1.3 1 m wavelength. 3) Good
thermal stability: seven kinds of polyimide materials have good thermal stability
in 180°C and two kinds of polyimides can stay stable up to 240°C. The
crosslinked polyurethane have good thermal stability in 180°C but the same
polymer without crosslinking agent have a Tg at 100°C. 4) Good film forming
property: in the microscope, the polymer film is transparent and homogeneous
without solid impurity. In an area of 1X3cm’, the change of thickness of 2 u m
thick film is below 100 A. After using our materials in device fabrication, the
modulator fabrication researchers believe that our polymer materials fulfil the
demanding for device fabrication.

A novel approach for the synthesis of crosslinkable poly(methacrylate) NLO
\
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materials was developed. This method retained the advantage of excellent film
forming property of the tranditional poly(methacrylate) materials. Because the
crosslinkable group-hydroxy was introduced to the polymer main chain, the
chromophore order stability and polymer thermal stability were enhanced
dramatically after crosslinking.

6. One kind of UV light curable acrylate materials was used as waveguide clading
layer for the first time and this material show good film forming property and
good UV light solidification property. The polymer film exhibit excellent
physical and chemical property and its thermal stability is up to 190°C. The film
can resist common organic solvents and acid basic solution and can basically

fulfil the demanding for the clading layer in the device fabrication process.

7. A new method was developed to measure the optical loss of the polymer films.
The common optical methods need expensive equipment and the measurement
process was tedious. Using chemical spcetrum (UV-Vis-Near-IR and '"H NMR),
the optical loss of active and passive polymer films can be calculated
conveniently. Especially, we can obtain the dispersion curve of optical loss in
different wavelength. This is very difficult for the common optical method
because of the lack of lamp-house. This method was calibrated by ISA standard

method and their results were consistent.

8. Mach-Zehnder E-O modulator was fabricated with the cooperation of institute of
semiconductor and the modulated signal was measured. Two kinds of above E-O
polymer materials was used successfully to fabricate prototype prism waveguide
E-O modulators. The audio and optical signal was modulated successfully and

the device E-O coefficient Y ;; was 24 and 20 pm/V respectively.

Keywords: Second nonlinearity / Polymer / Poling / Crosslinking
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