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Propagation Characteristic Analysis and Applications of Spatial
Four-Waveguide System
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Abstract :
two perpendicular five-layer slab waveguides independently in the cross-section of the waveguides. The analytical
model that can be interpreted appropriately by variable seperation method is proposed. The first order correction for
deviations of the model and practical structure is done by perturbation theory. The expressions of the first and second
order propagation constants, static field distributions, coupling coefficient and propagation characteristic are
presented. The feasibility and accuracy of the model are demonstrated by comparing the calculation results with finite
difference solving semi-vector wave equation and beam propagation method. A coarse wavelength demultiplexer based
on spatial four-waveguide system, including three common wavelengths 1.31 gm, 1.49 pm, and 1.55 pm of the
triplex transistor in today's fiber-to-home, is designed with the insertion loss 0. 68 dB. Further optimization of the

By employing Marcatili's principle, the two-dimensional spatial four-waveguide system is decomposed as

separate outputs and waveguide structure can obtain higher qualities.
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Fig.1 Practical structure of spatial four-waveguide
system and the four rectangular-core waveguides
surrounded by a dielectric with slightly lower

refractive index
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Fig. 2 Proposed approximate model for spatial four-
waveguide coupler structure as only n, — (2n2 —nf)/?
difference compared with the practical model in the

shaded areas
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Fig. 3 Four lowest order quasi-eigenmodes of the spatial

four-waveguide structure, corresponding to

different propagation constants
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Fig. 4 Calculations of normalized effective refractive indices

compared with finite-difference numerical method
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Fig.5 Coupling length L. of spatial four rectangular-core
waveguides coupler versus the spacing and size of

the waveguides
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Fig. 6 Schematic layout of the coarse wavelength division

multiplexer (CWDM) consisting of spatial four-

waveguide system. The insert in the upper-left

corner shows the map picture of the device in the

x— 2z plane
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Fig. 7 Transmission curves of the four different
wavelengths, The solid, dotted, dashed and
dotted-dashed curves correspond to the four

different waveguides in sequence. Four cross-
marks denote the coupling window for coarse

wavelength division multiplexer (CWDM)
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Fig. 8 Spectrum response proposed

demultiplexer. Four central

and 1. 55 pm respectively are illustrated. The
routes originating from any of the four ports can

get similar output intensity
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