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ABSTRACT

An approach for providing high transmission through a photonic crystal based opticalfwaveguide with sharp
bending is made. The bending waveguide is simulated introducingtwo line defects, perpendicular to each other,
within a photonic crystal having 2D array of Si rods embedded SiO,. Insertion of additionaksilicen rods in the
output waveguide provides high transmission over 99% at a desired wavelength, supported by the proposed

waveguide structure. Here, the modeling is based on the couple made theory.
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I INTRODUCTION

Optical waveguides are fundamental components in realizing photonic integrated circuits. In high-density
integrated light wave circuits, wawveguides that allow sudden bends with small curvature are to be used as optical
interconnects. A conventional dielectric waveguide mainly suffers from two limitations: some light is reflected,
and some light is radiated away from a bend. In.general,.the sharper the bend is, the greater is the radiation loss.
Even in a low-contrast optical fiber) a bénd radius of less than a few centimeters will result in almost complete
radiation loss. This Situation changes\in a photonic crystal waveguide as the photonic band gap prohibits
radiation losses. Optical waveguides realized through line defects in the crystal are one of the potential
capdidatesyfor such sharp bends. Photonic crystal based bending waveguides provide strong confinement and
flexible controlto light waves. However, bending loss, still exists due to reflections at sharp bending corners.
Consequently, ‘studies have beenfocused on optimization of bending at the corner to lessen the such reflection
loss. In 1996, A. MekKis,etsal. proposed a simple 1-D scattering theory based model with a dynamic frequency
dependence to describe the transmission properties [1] of a photonic crystal based waveguide bend with line
defect. They achieved complete transmission at certain frequencies, and very high transmission (>95%) over
wide frequency ranges by increasing the lengths of the bends. T. Baba el al also investigated light propagation
in 2-D photonic crystal waveguides with bends, which were composed of closely-packed holes formed in a
GalnAsP thin film, to have higher transmission [2]. High transmission for some frequency ranges, through the
sharp bend, in a triangular lattice slab , was also obtained by A. Chutinan and S. Noda [3]. To suppress
reflection of light, A. Talneau et. al. incorporated a taper structure at the bending corner [4]. J. Smajic et. al.
also optimized the reflection loss by varying the radius of the dielectric rod at the corner of the bend [5]. In this

communication, modulating coupling between the cavity and the output waveguide the high transmission is
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achieved in a 2-D photonic crystal waveguide of Si and SiO,, which can be precisely realized with the help of

matured Si technology.

Il THEORY AND MODELLING

Couple mode theory can be used to have high transmission [6] in a bending waveguide. The corner of the bend
can be considered as a weak resonant cavity. The bend couples this cavity to two waveguides, as represented
schematically in Fig. 1 [6].
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Fig 2: Cross-sectional view of 90° bend consisting of 11 X 11 Si rods embedded in SiO, slab.
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In this simulation, the basic 2-D photonic crystal is formed by an 11 x 11 array of silicon rods of radius (r) 106.7
nm embedded into silicon dioxide slab with 432.4 nm period(a) of the square lattice [ 7]. Two waveguides
perpendicular to each other are realized introducing two line defects: defect at the 6" row for the input
waveguide and at the 6™ column for the output one. These two waveguides result in a bend with bending angle
of 90°.

The structure described above is simulated using CST MW studio and is presented in Fig 2, indicating all the
ports connected to it. Port 1, the input port and port 2, a port to observe unwanted radiation from the opposite
wall of the input port in the structure, are connected in yz-plane, while port 3, the port to take the signal out from

the waveguide is connected in xy-plane. A
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Fig 4: Cross-sectional view of 90° bend with a rod inserted at the bending corner.
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Fig.5 reveals that the above structure offers about 90% transmission at about 188 THz (1595 nm), while the
transmission is less than 70% for the other window appearing at 184 THz (1630 nm). However, introduction of
the additional cylinder results shift in transmission peaks.
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Fig 6: Cross-sectional view ofi90° bend with another rod inserted at the output waveguide.
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Fig 7: Transmission spectra of the 90° bend shown in Fig.6.
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The same spectrum, plotted in dB in Fig.8 indicates that adjacent peaks are lower by 2.6 dB and 6 dB than the

strongest one appearing at frequency 188 THz.
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IV CONCLUSION

In this communication, the transmission through a p bending waveguide

waveguides can be emp
insertion loss and can be i
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