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Abstract

As a technology platform of optical waveguides, silicon-on-insulator (SOI) has shown great advan-
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tages in active and passive photonic integrated devices. However, the large refractive index dif-
ference of SOI waveguide determines the small geometrical size of the asymmetric waveguide,
which leads to inherent defects such as high optical loss, high polarization dependence, and wa-
veguide-fiber coupling loss. In this paper, both the single-mode condition and the Mach-Zehnder
interferometer (MZI) construction of SOI waveguide with silicon oxynitride as core layer and sili-
con dioxide as cladding layer, which is simply called oxynitride waveguides, are studied, and the
theoretical model is established. Then, the effective refractive index range and the other physical
parameters of single-mode oxynitride waveguide are determined. Furthermore, the optical prop-
agation loss of waveguides and its influence on the coupling zone length Lc of the directional
coupler (DC) are systematically simulated, and the optical loss performance of MZI construction is
investigated.
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Figure 1. Schematic diagram of standard ridged

waveguide cross section
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Table 1. The better effective refractive index of silicon oxynitride ridge waveguide under partial single mode condition

F 1 MoBREHTRARNEERSIEREFNENIR S RNE

o h(um)
W (um)

1.5
2.0
2.5
3.0
35

05

1.93468TE/Not found TM
1.93468TE/Not found TM
1.93468TE/Not found TM
1.93469TE/Not found TM
1.93469TE/Not found TM

1.0
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1.92605TE/1.91675TM
1.92765TE/1.91838TM

15

1.88895TE/1.88528TM
1.90895TE/1.90230TM
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Figure 2. Three-dimensional distribution of effective refractive index of silicon oxynitride ridge waveguide with waveguide
width and silicon oxynitride refractive index: (a) TE mode; (b) TM mode
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Figure 3. Schematic diagram of MZI structure based on DC type coupler
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Figure 4. Optical path diagram of 3 dB coupler in TE and TM mode: (a) TE mode; (b) TM mode
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Figure 5. Silicon oxynitride waveguide based on DC coupler design in line with the expected effect of the
optical path diagram
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Table 2. Cross output of MZI structure at 2.0 pm and 2.5 um wide waveguides and their limit errors
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