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Design and Performance Evaluation on 2X2 Balanced-Bridge Mach-Zehnder Interfero-
metric Integrated-Optical Biochemical Sensors using SOI Slot Optical Waveguides
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Abstract

An integrated-optical biochemical sensor structure that can perform homogeneous and surface sensing using a 2x2 balanced-bridge

Mach-Zehnder interference structure based on the optimized SOI slot optical waveguide was described, and its performance and char-
acteristics were evaluated. Equations for the two output optical powers were derived and examined using the transfer matrices of a 3-
dB coupler and phase shifter (channel waveguide). The length of the 3-dB coupler was determined such that the two output optical pow-
ers were same using these formulas. In homogeneous sensing, the effect of the refractive index of an analyte in the range of 1.33—1.36

on the two output optical power distributions was numerically derived, and the sensitivity was calculated based on each output and the
difference between the two outputs, the former and the latter being 7.5796—19.0305 [aw/RIU] and 15.2601-38.1351 [aw/RIU], respec-
tively. In the case of surface sensing, the sensitivity range of the refractive index of 1.337 based on each of the two outputs was cal-
culated as -2.2490—-3.5854 [au/RIU] and 1.2194—3.8012 [auw/RIU], and the sensitivity range of 4.8048—7.0694 [au/RIU] was confirmed

based on the difference between the two outputs.

Keywords: 2x2 balanced-bridge Mach-Zehnder interferometer, Silicon on insulator(SOI), Slot optical waveguide, Integrated
optical biochemical sensor, Homogeneous sensing, Surface sensing
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Fig. 1. (a) Cross-sectional schematic of vertical slot optical wave-
guide for homogeneous sensing. The change of (b) effective
refractive index of fundamental TE mode and (c) waveguide
sensitivity as the increase of analyte refractive index for var-
ious slot width (rail width=200 nm, rail height=320 nm).
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Fig. 2. (a) Cross-sectional schematic of vertical slot optical wave-
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tive index of fundamental quasi TM mode and (c) sensitivity
as the increase of sodium-chloride thickness for various slot
width (rail width=200 nm, rail height=320 nm).
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Fig. 3. Schematic diagram of 2x2 balanced-bridge Mach-Zehnder
Interferometer utilizing vertical SOI slot waveguide.
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Fig. 5. Simulation result depicting the field propagation of 2x2 Bal-
anced-Bridge Mach-Zehnder Interferometer showing equal
optical output power for a TE fundamental mode (slot
width=120 nm, rail width=200 nm, rail height=320 nm).
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OQPTICAL OUTPUT POWER versus ADLAYER THICKNESS
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