
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING (EES)

DOCTORAL THESIS IN
STOCKHOLM, SWEDEN 2005

Designs and simula-
tions of silicon-based
microphotonic de-
vices

DAOXIN DAI

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the degree of
Doctor in Technology on Friday the 3rd June 2005, at 10:00 a.m. in sal
E3, Osquars backe 14, Stockholm.



ISBN: 91-7178-076-9 |
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-226

Abstract

The characteristics of a silicon-on-insulator (SOI) rib waveguide, including
the bending loss of a multimode bent waveguide and the birefringence of
a rib waveguide, are analyzed by using a finite-difference method (FDM).
Based on a detailed analysis for a multimode bent waveguide, an appropriately
designed multimode bent waveguide for reducing effectively the bending
loss of the fundamental mode is realized. The slab height and the rib width
of an SOI rib waveguide are normalized with the total height of the silicon
layer and a general relation between these two normalized parameters
for a nonbirefringent SOI rib waveguide is established. Using this general
relation, one can easily design a nonbirefringent SOI rib waveguide. The
issue of multimode effect in the SOI-based microphotonic devices such as
arrayed-waveguide gratings (AWGs), etched diffraction gratings (EDGs), and
multimode interference (MMI) couplers is discussed in detail. Two kinds of
taper structures are proposed for reducing the multimode effects in EDGs
or MMI couplers. A bi-level taper is introduced to eliminate effectively the
multimode effects in an EDG or an MMI coupler. The bi-level taper is very
appropriate for an EDG demultiplexer since the Si layer is etched through
simultaneously for both the grating and the bottom taper structure, and thus
no additional fabrication process is required. For the simulation of an AWG
demultiplexer, a fast simulation method based on the Gaussian approximation
is proposed and two kinds of effective and accurate three-dimensional
(3D) simulation modeling are developed. The first 3D model is based on
Kirchhoff-Huygens diffraction formula. To improve the computational
speed, the 3D model is reduced to a two-dimensional (2D) one by integrating
the corresponding field distributions in the AWG demultiplexer along the
vertical direction under an assumption that the power coupled to the higher
order modes in the free propagation region (FPR) is negligibly small. The
equivalent 2D model has an almost the same accuracy as the original 3D
model. Furthermore, a reciprocity theory is introduced for the optimal
designof a special structure used for flattening the spectral response of an
AWG demultiplexer. In the second 3D simulation method, we combine a beam
propagation method (BPM) and the Kirchhoff-Huygens diffraction formula.
In this method, a 3D BPM in a polar coordinate system is used for calculating
the light propagation in the region connecting the first FPR and the arrayed
waveguides, and thus the coupling coefficient of each arrayed waveguide
is calculated conveniently and accurately. In the simulation of the second
FPR, due to the uniform arrangement of arrayed waveguides, only several
arrayed waveguides are needed in the BPM window and thus the computational
efficiency is improved.
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