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Sensitivity Analysis for Specifications of Silicon-on-Insulator (SOI) Slot Optical
Waveguide-based Single and Add—drop Channel Ring-resonant Biochemical Integrated
Optical Sensors

Jaesik Jang' and Hongsik Jung'”

Abstract

The effects of ring radius and coupling spacing on the free spectral range (FSR), full width at half maximum (FWHM), quality factor,
and sensitivity of single-channel and add—drop channel slot ring resonators were systematically investigated using FIMMPROP and
PICWAVE numerical software. The single-channel ring resonator exhibited better characteristics, namely, a wider FSR and narrower
FWHM compared with the add—drop structure; thus, it was evaluated to be more suitable for biochemical sensors. The FSR, FWHM,
quality factor, and sensitivity for a single channel ring resonator with a radius of 59.4 um and coupling gap of 0.5 pm were 2.4 nm,

0.087 nm, 17677, and 550 [nm/RIU], respectively.
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(a) Homogeneous sensing

(b) Surface sensing

Fig. 1. Sensing methods: (a) homogeneous sensing and (b) Surface
sensing

(a) Tyg = 0.08

(b) Tg = 0.19

(©) Ty = 0.47

Fig. 2. Three waveguide mode profiles and confinement factor: (a)
rib waveguide, I',,=0.08 (b) ridge waveguide,
=0.19 (c) slot waveguide, I';,;,=0.47
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Table 1. Specification of rib, ridge, slot optical waveguides

Slot width  Rail width Rail height  Rib thickness

Waveguide
s () (wr) (h) (1)
Slot 0.12 pm 0.2 um 0.32 um -
Ridge - 0.4 pm 0.32 um -
Rib - 0.4 um 0.32 um 0.12 um
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Fig. 3. Model of the single ring-resonator with a single channel
waveguide

-based Single and Add—drop Channel Ring-resonant Biochemical Integrated Optical Sensors
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Table 2. Conditions according to ring radius and coupling distance
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Fig. 6. Schematics of (a) the ring-resonator with one channel wave-
guide and (b) the ring-resonator with add-drop channel wave-
guide, and (c) the cross-section view along A—A" of the slot
waveguide-based optical ring-resonator
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