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Abstract: We propose a novel micro-ring resonator which uses quasi-TE polarized light in
the bus waveguide to excite the quasi-TM polarized modes in a micro-ring. An all-pass filter is
demonstrated on Silicon-on-Insulator.

1.

Introduction

Resonant devices are considered to be a key technology in integrated photonic circuits. For high index contrast platforms such as Silicon-on-Insulator (SOI) the most investigated class of components are definitely the micro-ring
resonators [ref]. They can be used as spectral filters for telecommunication and data communication purposes, as
wavelength dependent electro-optic modulators and photodetectors, as transducers for label-free biosensing [1], as
optical delay lines, . . . In general quasi-TE polarized light is used in micro-ring resonators since it has the strongest
confinement which enables light guiding in bends with very small radii with negligible bending losses. However, depending on the application and exact platform dimensions, the fundamental quasi-TM polarized mode can be preferred
to resonate in the micro-ring. The lower confinement of the quasi-TM mode can be for example beneficial for a-thermal
devices [2], sensors based on a cladding refractive index variation, high-Q rings due to a lower backscattering from
the vertical sidewalls [3] and for large wavelength range tuning using liquid crystals [4]. Most of these applications,
however, exhibit waveguides which are vertically asymmetrical.
In [5] we showed how an asymmetrical waveguide is a major problem for a grating coupler enabled platform. During
the adiabatic transition from a broad multimode waveguide to a single-mode waveguide, several anti-crossings will
be passed, thereby coupling the fundamental quasi-TM mode to higher order quasi-TE modes which are not guided
when tapering down to a single-mode photonic wire waveguide. Circumvention of such an adiabatic taper has been
demonstrated by using focusing techniques such as a focusing grating coupler, but with a lower coupling efficiency
than similar grating couplers for quasi-TE polarized light. Secondly, for routing purposes one prefers the polarization
which enables the most compact routing functionality, i.e. the TE polarization.
A straightforward solution would be to use a cascade of polarization rotators [6], polarization filters and ring-resonator.
As a solution we propose a novel micro-ring resonator which uses quasi-TE polarized light in the bus waveguide to
excite the quasi-TM polarized modes in a micro-ring, thus acting as a polarization rotator, polarization filter and ring
resonator at the same time.

2.

Design

The coupling section of the ring resonator is an asymmetrical directional coupler which acts as a polarization rotator
[7, 8]. For a certain width of the bus waveguide, the quasi-TE mode in the bus waveguide will be phase matched to the
quasi-TM mode in the micro-ring. In order to achieve successful coupling between these two quasi-polarized modes,
a vertical asymmetry is necessary [5].
Our design is based on an SOI platform exhibiting a 220 nm thick Si core layer on a 2 µm thick buried oxide (BOX)
layer. The asymmetry requirement is fulfilled by using an air top cladding. A deep etch of 220 nm is performed for
defining the waveguides and ring resonator. A shallow etch of 70 nm allows us to use grating couplers for characterization. We choose a bus waveguide width of 320 nm and a micro-ring waveguide width of 600 nm. The gap of the
coupling section is 300 nm and the ring radius is 30 µm. The bus waveguide has the same curvature as the micro-ring,
resulting in a plane symmetric coupling section.

3.

Measurements

The measurement result is shown in Figure 1. Because the grating couplers act as a coupling method for TE-polarized
light and as polarization filter with an extinction ratio of 50 dB, we know that only the quasi-TE mode is excited in the
bus waveguide. By calculating the theoretically expected Free Spectral Range (FSR) of the quasi-TM resonant mode
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Fig. 1: Measurement result of the polarization rotating micro-ring resonator in an all-pass filter configuration.

and comparing it with the measured FSR, we can conclude that quasi-TE polarized light from the bus waveguide
is coupled to the quasi-TM resonant mode in the ring. The mean extinction ratio (ER) over the 40 nm wavelength
range is −16.2 dB, which means that the ring is critically coupled. The mean Q is 32660 and the mean finesse is 88.
Furthermore, no peak splitting was detected.

4.

Conclusion

We proposed a new kind of micro-ring resonator which makes use of a polarization rotating directional coupling
section to excite the quasi-TM resonant mode. A critically coupled all-pass filter showing very good performance was
demonstrated. This polarization micro-ring resonator is expected to be useful for a whole class of applications where
TM-polarized light is preferred to resonate.
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