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Wave Simulation Technique for Large-scale Optical Sensor Designs

Yong-Hoon Lee', Tae Yoon Kwon’, and Muhan Choi"”*

Abstract

The wave mode calculation of a large-scale optical system in comparison to the working wavelength is practically impossible because
the computational cost increases exponentially. In this paper, we propose a method that can obtain the optical mode in a large-scale opti-
cal system. The method carries out simulations by dividing the calculation area into blocks and moving along the light axis along which
the light propagates. By applying this method to the calculation of resonant modes in a ring-type optical resonator, which is mainly used
for ring laser optical gyro sensors, the efficiency of the proposed method was verified.
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Fig. 1. An optical ring resonator system for optical gyro-sensor
application (radius of curvature of mirrors: 22.47 um).

(a) Ao = 632.1nm

Q = 1666.4

Fig. 2. An optical mode calculated from commercial FDTD solver.
(a) top view, (b) cross-sectional view at yellow dashed-line in
the Fig. 2(a).
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Table 1. System size vs. required memory size for conventional
FDTD simulations.

System size Required memory

40 pm>40 pmx40 pm 8.7 GB
80 umx=8 umx=80 um 64 GB
120 umx120 pmx120 pm 209 GB
160 umx160 pmx>160 wm 488 GB
320 umx320 pmx320 pum 3818 GB

Mirror cross section

O

Radius of curvature: 22.47 um

System size that cannot be n

calculated by a single simulation

Perspective view

Top view

/

possible system
size to calculate

Fig. 3. Schematic of the concept of the proposed method.
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Table 2. Simulation running time vs. system size for our proposed

method
. Number of simulation Simulation
System size .
blocks running time
196 blocks
1.15 mmx1.15 mmx25 um (50%50 size) ~ 12 hours
396 blocks
2.3 mmx2.3 mmx25 pum (100100 size) ~ 24 hours
23 cmx2.3 emx25 pm 3996 blocks ~ 240 hours

(1000x1000 size)
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Fig. 4. Top view and cross sectional view (at yellow dashed-line) of
an optical mode obtained from the proposed method.
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Fig. 5. (a) Convergence of mode pattern in optical resonator with
respect to increase of iteration number. (b) Maximum field
intensity vs. iteration number. (c) Curve fit of maximum field
intensity using Eq. (1).
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