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Abstract:

In this paper, the polymer multimode racetrack resonator is simulated for an optical chemical sensor. It
consists of the resonator, total internal reflection (TIR) mirrors, and the multimode interference (MMI)
coupler. The width and height of the multimode waveguide are designed to be 3 ym and 2 ym. The
multimode waveguide is easier to fabricate than a single mode waveguide because of a wide width. In
order for a multimode waveguide resonator to operate as an optical sensor, it is necessary to
discrimination the higher-order mode. For higher order mode discrimination, we designed novel
waveguide with TIR mirrors instead of a straight waveguide at the top of the racetrack resonator. We
considered the Goos-Hanchen shift and critical angle when designing a TIR mirrors. As a result of the
FDTD simulation, Q-factor of this resonator can be obtained as 1.3 x 10* and the shift of the resonator

output peak was 15 nm/RIU.

Key words: Multimode waveguide, polymer resonator, TIR mirror, chemical optical sensor

Introduction

In recent years, researches on optical resonator
sensors used as chemical sensors have been
actively conducted [1,2]. The resonance
wavelength of optical resonator sensor is
shifted when a chemical reaction occurs in the
resonator sensing region. It can be used as a
chemical sensor by detecting resonance
wavelength shift. An optical resonator sensor
has advantages such as high Q-factor, quick
response time, label-free detection and simple
geometries [3].

Most ring resonators are made of single mode
optical waveguides because multimode
waveguide resonator has multiple peaks. For
this reason, multimode resonator is difficult to
use as a sensor. The width of single mode
waveguide is usually smaller than micrometers.
This condition serves as a disadvantage of
fabrication. We used the multimode waveguide
which is easier to fabricate than a single mode
waveguide. In addition, we used a MMI coupler
that has advantage in fabrication. In this paper,
we show that the polymer multimode racetrack
resonator can be used as chemical sensors by
using the TIR mirrors. The TIR mirrors works to
remove multiple peaks for use as a sensor.
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Fig. 1. Basic structure of ring resonator.

The basic structure of resonator is shown in Fig.
1. Eir is input e-field, Eiz is coupling e-field from
resonator to waveguide, Eu is output e-field,
and Er is coupling e-field from waveguide to
resonator. The coupling relation equations and

output transmission power Py can be
expresses as, [4]
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where t is the transmission coefficient, « is the
coupling coefficient, « is the loss coefficient of

the resonator, r is radius of resonator, n,, is

effective refractive index of waveguide, 1 is
wavelength and @ is phase change of light.

Waveguide and TIR mirror design

We designed the multimode waveguide which
have a SU-8 polymer core and SiO2 cladding.
The refractive index of SU-8 polymer and SiO:2
are 1.564 and 1.44 at wavelength 1.55 pm,
respectively. The waveguide has a width of 3
pum and a height of 2 um. There are 5 TE and
TM modes of this waveguide according to the
simulation. We considered the Goos-Hanchen
shift and critical angle when designing a TIR
mirrors. The critical angle is 39.75 degrees. The
value of the Goos-Héanchen shift is calculated
about 220 nm when incidence angle is 80
degrees [5]. We designed 160 degrees TIR
mirror considering a reflectance of each modes.
The higher order mode has a lower effective
index of waveguide. Therefore, the reflectance
decreases at the same incidence angle. This
leads to the effect of eliminating multiple peaks.

Multimode racetrack resonator

We designed novel waveguide with seven TIR
mirrors instead of a straight waveguide at the
top of the racetrack resonator for higher order
mode discrimination. Figure 3 shows that the
simulation results of racetrack normalized
resonator output with TIR mirrors. It has
resonance peaks with Q-factor of 1.3 x 10* and
shift of peak 15 nm/RIU.
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Fig. 2. The output of no TIR mirror resonator.
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Fig. 3. The output of polymer multimode racetrack
resonator with TIR mirror.

Conclusion

We designed the polymer multimode racetrack
resonator with MMI coupler and TIR mirrors. It
can used as a sensor since multiple peaks have
been removed with TIR mirrors. We plan to
optimize the number and angle of the TIR
mirror to increase its performance before using
it as a chemical sensor.
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