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ABSTRACT

The increasing requirement of calculation power provided by high performance
computers (HPCs) leads a trend in board level data communication from electrical to
optical interconnections. Currently, much attention is focused on chip-to-chip data
exchange realized with polymer parallel optical waveguides (PPOWSs) integrated on
printed circuit boards. The purpose of this research is to model the behavior of
lightwave in PPOWSs for the application of on-board optical interconnection.
Particularly, the advantage of graded-index (GI) core PPOWSs over the step-index (SI)
core counterpart for high-speed and high-density wiring is quantitatively discussed by
simulating the optical properties of PPOWs.

Chapter 1 is the introduction for short range optical interconnection and motivation
of this research.

In Chapter 2, the author addresses the optical characteristics of waveguides with
ray optics. Compared to various theoretical approaches based on wave optics to
analyze optical waveguides, ray optics is less general and approximated. However, for
this research, ray optics not only gives us more clear physical picture but is
comprehensive, since PPOWSs support large number of propagating modes
(multimode waveguide). In this chapter, the ray trajectories in SI and Gl media are
described first. Next, the launching condition generated by Monte-Carlo method and
imperfections in core area are discussed in order to make the model more practical.

In Chapter 3, the author starts from the scalar wave equation to describe the plane
wave propagation inside optical waveguides. Then, the finite difference beam
propagation method (FD-BPM) is applied to waveguide analysis, in order to simulate
the optical loss caused by air gap at waveguides connections. In addition, the optical
loss and inter-channel crosstalk caused by biased launching conditions and light
scattering are simulated using the FD-BPM. All of the features can be realized by the
equations mentioned in this chapter, so that the self-developed computer programs
based on wave optics contribute to involve the desired considerations with higher
degree of freedom.

In the first two sections of Chapter 4, two types of Gl waveguides are
experimentally fabricated using the preform method. Then, the fabricated waveguides
are characterized, and the measured optical properties are compared with those
simulated using the ray tracing method. Furthermore, the theoretical model is
extended from each optical device to the total optical link. The behavior of lightwave
inside a typical link model is simulated totally using the FD-BPM. All of the
calculation results in this chapter show more or less coincidence with the observed



phenomena.

In Chapter 5, the author summarizes the prospects and concerns of proposed
methods, and discuss about the future plans for successors. Through this research, the
author develops numerical ways which are started from fundamental equations, and
then the author shows the flexibility of the simulation models for the application of
short range optical interconnection utilizing PPOWSs. The development of these
numerical ways can not only apply to the high speed optical interconnection, but for
the next generation silicon photonics applications.



