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Abstract

Threshold values of refractive index contrast for opening a complete photonic bandgap in two dimensional (2-D)
photonic crystals have been calculated for two structures, square dielectric rod in air background and square air
hole in dielectric background. Consequence of various parameters on this threshold value like rod/air hole
orientation angle, filling fraction have also been investigated. These results will be useful in fabricating planar low-

index photonic cryvstal structures.
Kevwords: Threshold refractive index, complete photonic

bandgap, orentation angle, filling fraction.

1. Introduction:
Photonic crystal is a periodic nanostructure that can affect
the propagation of photon in much the same way a
semiconductor affects the properties of an electron [1]. I
the pertodicity and  symmetry of the crystal and the
fielectrie constants of the materials used are chosen well,
w o band structure of such a crystal shows a photonic
cundgap (PBG) for one or both polarizations. 1.e. at
sarticular frequencies light propagation is prohibited n any
rection in the crystal. When the bandgaps for two different
larizations (TE & TM) overlap, they create a combined
andgap known ascomplete photonic band gap [2]. Several
cuctures are known to possess photonic band gaps for one
these  polarizations  and for both polarizations
wltaneously, as examined comprehensively for high
ues of the refractive-index ratio mn the two dimensional

metry |3].

- of the classical results in the theory of photonic crystals
1w existence ol the critical (minimum) value of the
sctive mdex contrast to open a full spectral bandgap in a
c~dimensional geometry [4]. For example, as wasfirst
n by Ho et al. [3], a diamond structure requires the
wm refractive index contrast larger than 2. Similarly,
reshold values of the refractive index appear in the
of two-dimensional photonic crystals [6].

- paper. two structures with square lattice: square air
1 dielectric background and square dielectric rod in air
und have been mvestigated to find the threshold
refractive index contrast for opening a complete
an using plane wave expansion method. Square
[¢ has chosen because, when the lattice and rod/air
the same symmetry the structure has shown the
sandgap | 7], "PWE band solver™ of the software
pUbDTD™ has been used for the band diagram
Inthis  simulation hybrid polarization 1s

th mesh size, 16%16 and tolerance, ¢~

2.1 Square dielectric rod in air background:

First, we consider a two dimensional photonic crystal
created by a square lattice of dielectric rod in air
background. The photonic band is a dispersion relation
between frequency, » and wave vector. 4.

2.1.1 Threshold value of refractive index:

Photonic crystal structure withsquare dielectric rod m aw
background has been considered which possesses the
maximum complete bandgap for filling fraction, f - 0.47
and air hole orientation angle, ¢/ = 07 [§].

This structure showsthe threshold value of the dielectric
constant, 6.10(Fig. 1.1) for opening a complete photonic
bandgap. which equates to a refractive index contrast of
2.46982.
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Fig. 1.1: Dependence of the bandgap width.22 on the diclectric

constant, ¢ of the dielectric rod.
I'hus. there will not be any complete photonic bandgap for
dielectric constant, & = 6.10 or less. Therefore. it 1s safe to
rule out attempts at producing photonic bandgap devices in
any system with a refractive mdex lower than this limit.
Figure 1.2 displays the band diagram for square diclectric
rod which have the permittivity, & = 6.10 with/ ~ (.47 and ¢
=0°.
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Fig. 1.2: The band structure for square diclectric rods (for

dielectric constant, & = 6.1) in air background for filling fraction, f

(.47 and rod orientation angle, & = 0°
Dependence of thresheld dielectric constant on orientation
angle and filling fraction has shown in the figure 1.3 and
fipure 1.4 respectively.

Fig. 1.3: Dependence of threshold dielectric constant. & on
the orientation angle, @ (with filling fraction, /- 0.47)

f threshold dielectric constant. ¢ on the

ition angle 8 = 07)

2.2 Square air hole in dielectric background:

Next. we consider a two dimensional photonic crystal
created by a square lattice of square air hole in dielectric
background.

2.2.1 Threshold value of refractive index:

This structure with square air hole in dielectric background
exhibits the maximum complete bandgap with filling
fraction /= 0.68 and air hole orientation angle G = 30° [8].

The structure exhibits the threshold value of the dielectric
constant, 7.10 (Fig.2.1) for opening a complete photonic
bandgap., which equates to a refractive index contrast of
2.66458.
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Fig. 2.1: Dependence of the bandgap width,2w on the
dielectric constant, ¢ of the background material.

Thus, there will not be any complete photonic bandgap for
dielectric constant, 7.10 or less. Figure 2.2 displays the
band diagram for background dielectric constant, & -
7.10with / —0.68 and@ ~ 30°. This plot is generated by the
‘PWE Band Solver Simulator” of the software opiFDTD™
by plane wave expansion method (PWL).
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Fig. 2.2: The band structure with complete photonic band gap for

7.1 for filling

o

square air holes in material of dielectric constant, &
fraction. f = 0.G8 and air hale orientation angle, #= 30
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Conclusion:

bandeap properties of two dimensional photonic
215 created by square lattices of dielectric rods in air
cround and air holes in dielectric background, for
it refractive index contrast, have been nvestigated.
~ducing the refractive index from some large values
r Si) to lower values slightly above the threshold, 1t
possible to obtain far more fabricable periodic
res for experiment due to an increase in the
sth-to-period ratio [9] and also it can also be
=210 fabricate planar photonic crystals structures based

e materials with low refractive index contrasts.



