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Modal analysis of waveguides based on a triangular photonic crystal lattice
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Photonic crystals' (PC) have recently attracted a lot of attention as promising candidates for three ditnensional 3D)
localization of light. By forming defects in a host PC we can form localized clectrotagnetic states and control

The structure that we are Interested in is a thin silicon slab
perforated with 2D lattice of holes °. By removing stngle line of
holes we can form the siinplest photonic crystal waveguide —
single line defeet waveguide . In such a structure light is contined
to the waveguide in the vertical dircction by the means of lotal
iternal reflection, and in the lateral direction by distributed
Bragg Reflection, due to the prescuce of 2D PO, We have
developed a new  fabrication procedure 1o define  these
waveguides into silicon on insulaiwor material ¥, The waveguides
are suspended in air in order lo hnprove vertical continerneit of
light and symunelry of the structure (Figure 1). We have analyzed
the structure shown in the Figure 1 by using three-ditnensional
finite dilference time domain algorithm (313 FD'ID). [n the
Figure 2(a) we show dispersion diagram for both guided (in the
whitc region) and leaky modes (in the light gray region)
suppotted in the structure. It can be secn that there are five guided

modes located in the bandgap of the triangular PC lattice. By oxciting one of these modes with an exiernal light
source we can guide the light within the wavegnide and  achicve high transmission around sharp bends . Hawever,
due to the presence of the leaky modes in the same frequency range, coupling efficiency will not be very good. Light
coupled into the leaky modes is scattered in the vertical direction and represents loss mechanistn of the waveguide.

By reducing the width the waveguide we can reduce the number of guided modes. One way of doing it is to reduce
the distance between two PC walls by translation in x direction. However, this produces waveguide sections of
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Figare 1. Fabricated single line defect
waveguide,
different widths (Figure 3(a)) which can affect bending efficiency of the waveguide.
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Figare 2. Dispersion diagrams of modes supported in (a) single line defect waveguide, and (b)
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(b)

“narrowed” wavepuide

A 0 nfa

with d=a/3. Insets represent field distribution of the 13, componcnt in the middle of the slab, Regions where there exist
modes of the patterned Si slab are represented with dark-gray color, and light cone with light-gray color.
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O ()(,) (\,O C) ®G) C) ,,/ (D(:)C)O (high symnietry direction in
C)K ® (3 C) ()O ()() , )(jo() the PC lattice) we form
@F’Ejp\ @ C) O ( (, ¢ )O (j waveguide sections of the
() ( ) () uniform widths (Figure 3(c)).

By changing the vatue of |d|
we can control the width of
the waveguide (for |dl=a we
form a single line defect waveguide shown in the Figare 1). Figuie 2(b) shows dispersion diagram for the modes
supporled in the narrow waveguide with | dj=¢/3. It can be seen that the number of guided modes in the bandgap is
reduced. OF more imporlance is the fact that it is now possible to operate the wavegnide in the frequency range
where there are no leaky modes present (e, @/A=0).34), and therefore improve the coupling efficiency. 1t is
interesting to note that the mode crossings observed in the Figure 2(a) arc no longer present. The modes el and 3 of
the single line defect wavepuide cross because they have different symmetry with respect to the reflection symmetry
plane in the center of the waveguide. Since narrow waveguide (Figare 3(c)) doesn ’t have that reflection symmetry,
these iwo modes mix and anti-crossing occurs (Figure 2(b)).

Iigure 3. Different types of PC based waveguides. d is the vector that connects

two ncarest nicighbor holes.

In the Vigure 4 we show dispersion diagraims
for guided modes supported in a iwo-
dimensional wavepuide (infinitely extended
in the vertical dircetion) for four different
wiveguide widths (different values of d=] dJ),
a result of 2D FIYI'D analysis. It can be seen
that even very narrow waveguide (| d|=a/8)
can suppott two guided modes.
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In conclusion, we¢ have perforined miodal
analysis  of both conventional single ling
defect waveguides and proposed “narrowed”
wavepuides. We o have  shown  that  the
proposed structore has fewer puided modes
than the conventional one, and based ou the
dispersion diagruim-lype analysis, we predict
that it will have better coupling properiies. At
) present we are working on the experimental
/e verilication of these properties. We are also
engaged 1n the quanditative  experimental
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Figure 4. Dispersion diagram for modes guided in the 21}

photouic erystal waveguide for four dilferent waveguide widihs.
Waveguides are ol type shown in the Figure 3{c). Effective
index of 8i is assumed to be ngy 2.0

verification of the predicted high lransinission
elticicncy around sharp bends in the photonic
crystal waveguides. Our previous work shows
that waveguides formed in the perforated Si

slabs are prorising candidates for achieving this high transmission cfficiency.
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