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Abstract 

In this paper, we utilize a photonic crystal ring resonator structure to design a 2-channel optical 
wavelength binary divider. By the artificial intelligence method, the amounts of physical parameters 
of the photonic crystal structure are selected, such as refractive indices, radii, and so on. It has been 
demonstrated that wavelength separation is possible using photonic crystal ring resonators. To 
choose two channels with different central wavelengths, we employed two resonant rings with 
different structural parameters. The platform used for designing the proposed binary divider is a 
square lattice of dielectric rods immersed in air. The proposed binary divider has two channels with 
central wavelengths equal to λ1 = 1573.7 nm and λ2 = 1575.5 nm. The transmission efficiency of this 
binary decoder structure exceeds 98%. The quality factors for the first and second channels are 3934 
and 5251, respectively. The total footprint of the structure is 263.5 μm²; therefore, the proposed 
structure has good potential for use in all-optical integrated circuits and wavelength multiplexing 
applications. Also, the crosstalk phenomenon between the channels is low. 

Keywords: photonic crystal, photonic band gap, binary divider, crosstalk, defect, ring resonator, 
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1. Introduction 

Designing ultra-compact devices is an 
interesting and crucial goal for electronic 
and photonic designers. Especially in the 
field of optical devices, due to poor 
confinement of light waves inside small 
spaces, reducing the footprint of devices 
and designing optical devices suitable for 
all optical integrated circuits was a great 
challenge until the proposal of photonic 
crystals (PhCs) in 1987 [1]. PhCs are 
regular arrays of dielectric materials in 
which the distribution of refractive index 

is periodic [2]. This periodicity results in a 
special region in their band structure in 
which no optical waves are allowed to 
propagate inside the PhC. This special 
region is called the photonic band gap 
(PBG) [3]. PBG is an excellent property 
that enables PhC to confine light waves 
inside compact spaces. PBG depends on 
the refractive indices of dielectric 
materials and the structural parameters of 
PhCs [4]. Photonic crystals can be used for 
designing optical reflectors [5], optical 
filters [6-9], optical binary devices [10-
13], optical switches [14-15], etc. 
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In optical communication networks, 
optical waves are used to transfer data and 
information inside optical fibers. By 
employing wavelength division 
multiplexing (WDM) and dense 
wavelength division multiplexing 
(DWDM) technologies, we can optimize 
the use of a single optical fiber's capacity 
by launching multiple optical channels 
with different wavelengths through a 
single optical fiber. However, at the user 
end, we need a device to separate these 
channels from each other according to 
their central wavelengths. This device is 
an optical binary divider. 

Due to the crucial importance of PhC-
based  binary devices in future optical 
communication networks, many 
researchers have devoted their work to 
designing and proposing novel optical 
binary devices. Recently, different 
mechanisms have been proposed for 
performing wavelength multiplexing based 
on PhC structures, such as: Coupling and 
cascading PhC-based waveguides [16], 
multimode interference [17], Y-shaped 
waveguides with different radius of rods 
[18], Supper prisms [19-20], and resonant 
cavities [21-22].PhC ring resonators [23] 
are another structure used for designing 
all-optical devices such as optical filters 
[24], optical switches [25], optical logic 
gates [26], and optical binary devices [27]. 
Improving the transmission efficiency, 
crosstalk values, quality factor, and 
reducing channel spacing are the most 
important goals in designing all-optical 
binary devices.  

In this paper, we propose optical binary 
devices based on PhC ring resonators with 
two different configurations. The 
transmission efficiency of our structure 

exceeds 98%, and the channel spacing is 
less than 2 nm. The total footprint of the 
structure is 263.5 µm2. High transmission 
efficiency, high quality factor values make 
our proposed structure a potential 
candidate to be used in WDM 
applications. 

The rest of the paper is organized as 
follows: in Section 2, we describe the 
theoretical methods and design procedure 
of the structure. By the artificial 
intelligence method, the amounts of 
physical parameters of the photonic crystal 
structure are selected, such as refractive 
indices, radii, and so on. In Section 3, we 
discuss the simulation process and the 
results obtained from our simulations, and 
finally, in Section 4, we conclude from our 
work. 

2. Theoretical methods and design 

For designing the proposed binary 
divider, we employed a 30*30 square 
lattice of dielectric rods immersed in air. 
The effective refractive index of the 
dielectric rods is 3.46, and their radius is 
r=0.17*a, where a is the lattice constant of 
the PhC. First of all, we should calculate 
the band structure of the fundamental 
structure and extract its PBG region. For 
this purpose, we used the plane wave 
expansion (PWE) method. PWE is a 
numerical method in the frequency domain 
by which we can calculate the eigenmodes 
and eigenfrequencies of periodic structures 
by iteratively solving Maxwell's equations 
in the frequency domain [28]. Due to 
accuracy and time considerations in our 
work, we used the Band solve simulation 
tool of Rsoft Photonic CAD software for 
extracting the band structure diagrams and 
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PBG region of our structure, which 
performs the calculations based on the 
PWE method. The band structure diagram 
of our structure with the aforementioned 
values for refractive index, radius of rods, 
and lattice constant is shown in Fig.1. 
Fig.1 shows that there are 3 PBGs, two 
PBGs in transverse magnetic (TM) mode 

and one in transverse electric (TE) mode. 
The first PBG in TM mode is wide enough 
for our applications. The normalized 

frequency range of this PBG is 0.31<a/< 
0.45, considering a=606 nm, the 
wavelength range of this PBG will be 

1346 nm << 1954 nm. Therefore, all the 
simulations will be done in TM mode

 
Fig. 1. The band structure of the proposed structure with r=0.17*a nm and n=3.46 

 

 
Fig. 2. The final sketch of the proposed binary divider 

 
 

The second step in designing our 
proposed structure is to create the binary 
divider structure within the fundamental 
2D photonic crystal (PhC) structure. As 
we mentioned, our proposed binary divider 

is based on a PhC ring resonator, so the 
wavelength selection is done via resonant 
rings. The input waveguide has been 
created by removing 24 rods from the 

central row of the PhC structure in -X 
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direction, and then we created the two 
output waveguides at the proper positions 
inside the crystal in X-M direction, and 
finally put a resonant ring between the 
input waveguide and each output 
waveguide. It has been shown that the 
resonant wavelength of ring resonators 
depends on the refractive index and 
structural parameters of the ring [29], so to 
select two different wavelengths at the 
output ports, the resonant rings of our 
structure should be different from each 
other. 

R1 and a1are the radius and lattice 
constant of the first ring –the ring adjacent 

to output channel#1-respectively. R2 and 
a2are the radius and lattice constant of the 
second ring –the ring adjacent to output 
channel#2, respectively. The final sketch 
of our proposed binary divider is shown in 
Fig.2. The values of these parameters are: 
R1= 98 nm, a1= 576 nm, R2= 103 nm, and 
a2= 606 nm. There is a point defect at the 
end of the input whose radius is 40 nm; 
this point defect controls the transmission 
efficiency of the output channels and is 
shown in dark blue in Fig.2.The total 
footprint of the proposed structure is 263.5 
µm2

 
(a) 

 
(b) 

Fig. 3. output spectrum of the binary devisor (a) linear and (b) dB scale 
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3. Simulation and results 

The final step in designing our proposed 
binary divider is simulating and obtaining 
the optical characteristics of the binary 
divider. For this purpose, we used the Full 
wave simulation tool of Rsoft Photonic 
CAD software for testing our proposed 
binary divider. Full wave studies the 
propagation of light inside PhC-based 
devices based on the finite difference time 
domain (FDTD) method [30]. We used the 
Perfectly Matched Layer (PML) boundary 
condition for simulating our proposed 
binary dividers [31]. We choose the PML 
width surrounding our structures to be 500 

nm. For accurate modeling of the binary 
divider, we need a 3D simulation, but it 
requires a great amount of run time and a 
very powerful computer. So, we used the 
effective index approximation method of 
PhCs for satisfying this requirement, and 
with this approximation, we reduce the 3D 
simulations to 2D simulations [32]. Grid 
sizes (Δ𝑥 andΔ𝑦) in FDTD parameters are 
chosen to be a/16, which equals 39 nm. 
Due to stability considerations of the 
simulation, the time step Δ𝑡 should satisfy 

thecondition Δ𝑡 ≤
ଵ

௖ට
భ

∆ೣమା
భ

∆೤మ

, where C is 

the velocity of light in free space [30]. 

 
(a) 

 
(b) 

Fig. 4. Distribution of optical power at (a) =1573.7 nm and (b) =1575.5 nm 
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Table 1. Simulation results of the binary divider 

channel λ0 (nm) Δλ (nm) Q Transmission 
1 1573.7 0.4 3934 99% 
2 1575.5 0.3 5251 98% 

Table 2. Crosstalk values of Binary divider (dB) 

Xij 1 2 
1 - -17 
2 -22 - 

 

Following the above-mentioned rule 
for time step, Δ𝑡 = 0.026 𝑛𝑚 was 
chosen. The simulation is done during 
20000-time steps, which requires 130 
min run time and 20 MB memory size 
for our proposed binary divider. The 
output spectrum of the binary divider has 
been obtained and shown in Fig.3. This 
binary divider has 2 channels with 
central wavelengths equal to 𝜆ଵ =

1573.7 𝑛𝑚and𝜆ଶ = 1575.5 𝑛𝑚. The 
channel spacing for this binary divider is 
1.8 nm, and the transmission efficiency 
is more than 98%. The bandwidth for the 
first and second channels is 0.4 and 0.3 
nm, respectively, so the quality factors 
will be 3934 and 5251. Complete 
specifications of the binary divider are 
listed in Table 1. Also, the crosstalk 
values are listed in Table 2, in which 
crosstalk values are named as Xij, (i,j 
varies from 1to2), which shows the 
effect of j-th channel in i-th channel at 
the central wavelength of i-th channel. In 
Table 2, i and j indices are column and 
row. 

The distribution of the optical wave 
inside the structure for two different 
wavelengths is shown in fig.4. at 

=1573.7 nm the optical waves due to 
dropping function of the first resonant 

ring will drop to the first out waveguide 
and travel toward first output channel 

(fig.4(a)) and at =1575.5 nm the optical 
waves due to dropping function of the 
second resonant ring will drop to the 
second out waveguide and travel toward 
first output channel (fig.4(b)). 

4. Conclusion 

In this paper, we propose a 2-channel 
all-optical wavelength binary divider. 
Wavelength selection task in our 
proposed structure is done via low-loss 
and high-quality factor micro ring 
resonators. By the artificial intelligence 
method, the amounts of physical 
parameters of the photonic crystal 
structure are selected, such as refractive 
indices, radii, and so on.  In order to 
select different wavelengths, we choose 
different values for the structural 
parameters of the ring. The proposed 
structure can separate 2 channels with 
central wavelengths at 1573.7 nm and 
1575.5 nm. Minimum transmission 
efficiency of the channels is 98%. The 
quality factor and crosstalk values are 
better than 3934 and -17dB. Considering 
the overall performance of the structure, 
it is suitable for WDM applications. 
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