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Liquid crystals offer the possibility to add tuning functionality to silicon-on-insulator
filter structures. When liquid crystals are used as a cladding layer on the chip, we
can change the filter characteristics with an externally applied voltage. The rod-shaped
molecules of the liquid crystal reorient along the fieldlines which influences the effective
index of the waveguide mode. We have fabricated several tunable components (ring res-
onators and Mach-Zehnder interferometers) operating according to this principle. Next
10 the experimental results, we will present our simulations and theoretical calculations
which offer an explanation of the tuning mechanism.

Introduction

As optical communication is advancing rapidly, the need grows for components that can
filter a small wavelength band from a broad spectrum. Ring resonators can perform this
task and are already often used in (de-)multiplexers. In reconfigurable optical networks
these components need to be tunable which can be achieved with e.g. heating/cooling or
carrier injection. In this paper we will study the tuning capabilities of optical filters with
a liquid crystal (LC) cladding. Next to ring resonators we will also discuss our work on
Mach-Zehnder interferometers (MZIs).

In the past decade, silicon-on-insulator (SOI) has become the most important material
system for photonic ICs. Silicon has very low losses for light in the wavelength range
used in telecommunication, the high index contrast allows for very small components and
the fabrication is based on the well-known techniques used for CMOS [1]. There are also
downsides to silicon for photonics. As it is a material with an indirect bandgap, it is nearly
impossible to conceive efficient light sources based on silicon. However, technigues such
as heterogeneous integration can get around this problem. A second issue is wavelength
tuning of SOI components like optical filters. Often used methods are heating/cooling or
carrier injection. Heating is a rather slow tuning method. Moreover, it is limited in tuning
range which is also something carrier injection struggles with.

Nematic liquid crystals (LCs) consist typically of rod-shaped molecules sharing a pref-
erential orientation defined by the director. Therefore its refractive index is anisotropic.
This means that light travelling in different directions through the liquid crystal will see
different refractive indices. When an electric field is present, the director will reorient
itself along the fieldlines. This effect is very useful when the liquid crystal is applied
as a cladding on waveguides. Depending on the presence and direction of an electric
field the light in the waveguide will see a different refractive index in the cladding and
the mode will have a different effective index. This gives us the possibility to tune the
characteristics of optical filters with an externally applied electric field.
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