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Optimal Direct Coupling
from Single-Mode Fibers
to Ti:LiNbO, Channel Waveguides

KEH-YI LEE
CHYI-JIEH HSIEH
JYH-ROU SZE
GWO-JIUNN JAW

Department of Electrical Engineering
Chinese Culture University
Taipei Taiwan, Republic of China

We investigate the optimal direct coupling from single-mode fibers to Ti:LINbO,
channel waveguides using a very general formula and a heuristic optimization
technique in this article. The coupling efficiency of the optical power depends on
both the fiber positions and the modal sizes of the incident fields. From our
numerical simulation, it is found that the optimal positions of the fiber axes are not
in alignment with the peaks of the waveguiding modal fields and that the coupling
efficiency can be improved by microlenses.

Keywords coupling efficiency, optimization

The direct coupling from single-mode fibers to Ti:LiNbO; channel waveguides has
been investigated in many publications [1-9]. Most efforts among them are focused
on the fabrication of the fiber-to-waveguide couplers; and only a few theoretic
analyses, such as the relationships of the positions of the fibers and the coupling
efficiency, are studied. From the results presented in the literature, one can
determine the optimal fiber positions such that the maximum optical power can be
transferred into the waveguiding modes. As a matter of fact, adjusting the spot
sizes of the incident optical beams by microlenses can also improve the coupling
efficiency [4]. In this way, the optimal fiber positions are dependent on the modal
sizes of the incident ficlds. For this reason, we want to determine simultaneously
both the fiber positions and the modal sizes of the incident optical beams to
achieve the optimal coupling efficiency by numerical simulation. Then these results
can be applied in the design of the efficient fiber-to-waveguide couplers.

Theory

Consider a single-mode optical fiber attached to the end face of a monomode
z-directional Ti:LiNbO, channel waveguide as shown in Figure 1. In this way, the
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