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Abstract—In this letter, a novel 1.31um narrow-band TE-Mode filter
design has been proposed, based on a photonic band gap shift in a 2D
photonic crystal slab with triangular lattice air holes, using the 2D-
FDTD method to numerically model the proposed filter device. The
structure is achieved by the association of three waveguides WA
coupled in a cascade arrangement within the same cell of a PC with a
triangular lattice with a single removed full row. A modulated Gaussian
pulse is used to provide wide-band excitation at any desired position
inside the computational domain of the photonic crystal. The best filter
configuration performances in terms of filtering and transmission is
found for 60 inclusions with a maximum of transmission around 80%
localized near 1.31um

Potential applications of photonic crystals (PCs) are
extensive and cover several areas: such as production of
Extremely High Q-Factor Measurement [1], experimental
GVD engineering in slow light slot photonic crystal
waveguides [2], tunable add/drop filter [3], de-
multiplexers [4], splitters [5]-[6], new more efficient and
compact optoelectronic devices reproducing the operating
principles of different components of an integrated circuit,
using photons as information carriers instead of electrons.
They also have applications in a medical imaging field
[7], measurements in nano-crystal-based solar cells [8], as
well as selective filters [9], which are a promising
application of two dimensional PCs; this is the subject of
the present work.

The finite difference time domain (FDTD) method is
regarded as a useful electromagnetic modeling tool
because of its versatility [10]. The FDTD method is
capable of handling inhomogeneous materials in two or
three dimension forms. Since the data storage in a
computer is limited by the size of memory, it is not
possible to handle an open region problem directly. To
mitigate this problem, the perfectly matched layer (PML)
technique is widely used in the FDTD simulations; it
exhibits accuracy level that is significantly better than
most other absorbing boundary conditions (ABCs) [11].
This work is based on the design of devices for guiding
and selective filtering PC, operating at a wavelength of
1.31um, which corresponds to a normalized frequency a/A
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= 0.366, where a represents the lattice constant. To
achieve this goal, we adopted a specific methodology with
consists in cascading several waveguides W;A with

different radii until the filter responds to our
specifications. The nomenclature W,D* is given in [9,
12].

The first considered structure consists of an array of air
cylinders holes having a radius r, in a dielectric medium
with a refractive index nes = 3.24. This value corresponds
to the effective refractive index in an InP/GalnAsP/InP
heterostructure with a three-layer system [13-14]. These
air rods are finitely arranged in the x and y directions and
infinitely long in the z direction. In 2D dimensions, 13
parallel layers of holes are arranged in the y direction.
This structure has the following parameters: a = 0.48um,
the filling factor f = 0.44 in order to obtain the suitable
and desired normalized frequency a/4 = 0.366. Numerical
simulations are performed for the TE polarization. We
begin by implementing the spatially dispersive FDTD
method in 2D simulations with a view to studying wave
propagations through a PC. The computational domain
has a rectangular shape in the x-y plane. According to the
stability criterion [15], the spatial discretization in the
FDTD simulation is chosen to be Ax = Ay = 0.04um. The
discretized time step is At = Ax/ (2c) ¥* where ¢ is the
velocity of light in free space. A modulated Gaussian
pulse is used to provide wide-band excitation at any
desired position inside the computational domain
comprising the CP. Note that the simulations were
achieved using an Apple i7 CPU M 620 computer, with 8
Gb RAM memory. The transmission coefficient versus
wavelength for the TE polarization, derived from the 2D-
FDTD simulation corresponding to W,“A with 30 holes
along the x direction and the ratio r/a = 0.36, is plotted in
Fig. 1.a. It can be seen that large transmission achieved
the values of 60% to 80%, extending over a frequency
band [1.3-1.8um]. Other modes appear such as the mode
at a normalized frequency 0.309 (A = 1.55 um). Figure 1.b
shows the spectral transmission with r/a = 0.385. It can be
seen that the dispersion diagram is modified due to the
change of holes size. Several modes appear like the 1.31
and 1.55um peaks. Figure 1.c corresponds to W,“A
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having the same number of holes and the ratio r/a = 0.48.
Low transmission is observed in the frequency band
between 1.36 and 1.42um, otherwise the modes are
vanishing in range [1.43-1.77um]. Moreover, the
coefficient of transmission reaches its maximum at an
average value of 65% at a wavelength of 1.31um and an
evanescent mode occurs at 1.55um. This reflects the
selective transmission frequency of an electromagnetic
wave.
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Fig. 1. Calculated transmission coefficient of W; A
(@) ri/a= 0.36 (b) ro/a= 0.385. (c) rs/a=0.48.

In the following, 2D-FDTD numerical simulation is done
to improve the performances of the selective filter
achieved by the association of three waveguides W;*A
coupled in a cascade arrangement within the same cell of
PC with a triangular lattice. The rations of each
waveguide W, XA are respectively ri/a = 0.36, r/a =
0.385 and rz/a = 0.48 with a different number of holes N.

Table 1. Optimization parameters of different topologies.

Parameters 1% topology | 2™ topology 3 topology
Fig 2. (a) Fig 2. (b) Fig 2. (c)
Total rods n=3xN 30 45 60

a [um] 0.48 0.48 0.48
r [pum] 0.1728 0.1728 0.1728
ry [um] 0.1848 0.1848 0.1848
rs [um] 0.2304 0.2304 0.2304
wy [pm] 0.46 0.48 0.48
W2 [pm] 0.36 0.36 0.36
di [pm] 4.68 7.06 9.4656
dz [pm] 4.66 7.0896 9.4896
ds [um] 4.78 7.1808 9.5808
D [pm] 4.66 4.66 4.66
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The geometrical parameters after optimization shown in
Fig. 2 (a) are reported in Table 1.
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Fig. 2. Modeling scheme of a PC with association of three guides W;*
A with a triangular lattice with ri/a = 0.36, ro/a = 0.385 and rs/a =
0.48.

Figure 3 illustrates both the normalized spectra in
transmission corresponding to three selective waveguides
with different values of n = 30, 45 and 60 holes. All the
obtained response has a suitable maximum peak localized
at A = 1.31pm with respectively 88%, 80% and 78% in
the transmission peak. However, other peaks with a
coefficient of transmission higher than 40% and 30%
respectively occur in the frequency band [1.21-1.29] and
[1.40um-1.45um] for the filter with n=30 rods. It is
evident that single guided modes are coupled into these
waveguides, though the excitation of certain modes
depends highly on the symmetry of field patterns. The
quality factor Q = AM\, (where A, represents the
resonance wavelength and AX represents FWHM of the
band) of each configuration is respectively 18.71, 22.78
and 29.77. Compared to two structures: N=10 for each
waveguide, the total number equal to 30 (Fig. 2 a) and N
= 15 for each waveguide, the total number equal to 45
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(Fig. 2b), the selective filter corresponding to N = 20 for
each waveguide and the total number equal to 60, (Fig.
2c¢) presents a significant improvement regarding the
disappearance of unwanted modes around the desired
frequency. We have observed that the amplitude of
transmission is significantly improved by increasing the
number of inclusions. So the best configuration in terms
of filtering and transmission is the last topology.
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Fig. 3. Calculated transmission coefficients for the simulated selective
filter for different rods.

The representation of distribution of a magnetic field
inside the selective filter corresponding to the third
topology with a spectral response close to the frequency
1.31um, is reported in Fig. 4 for different step time
iterations: 1500 and 11000. This figure shows the
confinement of the electromagnetic field and the existence
of a light-guiding phenomenon along the waveguide. On
one side we can see that there is a portion of the magnetic
field with an allowed frequency, belonging to the bandgap
and reaching the edge of the structure. Another portion of
the magnetic field has a prohibited frequency which is
reflected at the level of both waveguides W, KA.

In conclusion, electromagnetic bandgap nanostructures
and specifically PCs are presently one of the most rapidly
advancing sectors in the electromagnetic domain. In this
work, we carried out a study of 2D crystal photonic
structures with circular air holes operating as a selective
filter, composed of about three waveguides holes with
different radii. We found the best performance is
produced when r; = 0.1728um, r, = 0.1848um and r3=
0.2304um and the total number of inclusions is 60 in the
x-direction. The maximum of transmission is around 80%
localized at 1.31pm.

http://www.photonics.pl/PLP

In further perspective, we want to consider the possibility
of manufacturing the filter already simulated and achieve
experimental verification. This filter can be used for
optical telecommunication applications.
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Fig. 4. Simulated distribution of a magnetic field. (a) 1500, (b) 11000
step time iteractions.
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