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Abstract

Polymer waveguides are key components for short-haul optical communication.
Recently, several methods for fabricating polymer waveguides have been developed,
including photolithography, hot embossing and injection molding, etc. However, these
technologies are usually complicated, non-flexible and need expensive facility.

In the thesis, a low-cost low-loss two-material polymer waveguide was designed,
fabricated and tested. The waveguide was fabricated using photopolymerization based
two-material 3D printing technique. In this technique, the optical transmission influenced
by defects in the printed object was analyzed through simulation software in advance.
The scattering loss caused by defects was minimized by choosing suitable material
combination and proper material preparation.

In addition, a surface smoothing treatment for 3D printed optical waveguides was
proposed. The process involves the use of a micrometer-scale brush and a vacuum system
for smoothing treatment, which successfully addressed the issue of incomplete curing
caused by the oxygen inhibition on the resin surface. This treatment can significantly
reduce surface roughness.

The effects of printing process on the quality of fabricated polymer waveguides were
also investigated. Under proper processing conditions, polymer waveguides with ~ cross-
sectional dimensions of 200 x 198, 459 x 421, 712 x 667, and 997 x 933 um? were
successfully fabricated. The average propagation loss of those waveguides is 0.27 dB/cm
measured at the wavelength of 650 nm. These results indicate the great potential of using
photopolymerization 3D printing for rapid fabrication of polymer waveguides with high

process flexibility and low cost.
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