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Abstract— In this paper, analysis and designing of different 

cavity based Add Drop Filter (ADF) which is formed using two 

Dimensional Photonic Crystal Ring Resonator (2D-PCRR) 

designed on rectangular lattice having silicon as a dielectric rods 

in air medium with Refractive Index (RI) value as 3.6730 and 1.0. 

Here we are designing different cavity based PCRR which are 

analyzed and investigated. The output efficiency of desired 

PCRRs are studied by varying the size of the rod radius and also 

by adding some defects. The transmission spectra of PCRR is 

calculated using Finite Difference Time Domain (FDTD) method 

and the Photonic Bandgap is calculated by Plane Wave 

Expansion (PWE) method. PBG of ADF is located in C and L- 

band which found its application in various satellite 

communication and for INMARSAT Satellite. The overall size of 

the PCRR is 10.5𝞵m X 10.5𝞵m i.e.110.25𝞵m2. 

 

Keywords— Photonic Crystal, Band Pass Filter, FDTD method, 

PWE Method, Photonic Band Gap 
  

I. INTRODUCTION 
The increasing interest in photonic integrated circuits (PIC’s) 

and the increasing use of all-optical fiber networks as 

backbones for global communication systems have been based 

in large part on the extremely wide optical transmission 

bandwidth provided by dielectric materials. This has 

accordingly led to an increase demand for the practical 

utilization of the full optical bandwidth available [1, 2and 3]. 

Add drop filter consist of two waveguide one is bus 

waveguide and other is dropping waveguide. It basically 

consist of Arrayed Waveguide Grating (AWG) or Bragg 

grating structure to separate the incoming/outgoing 

wavelength. Many optical devices which based on Photonic 

integrated circuit (PIs) have high operating speed, high 

density, highly efficient. With a specific end goal to expand 

the total transmission transfer speed, it is for the most part 

favored that the separating of all the while transmitted optical 

information streams, or optical information channels, be firmly 

stuffed to oblige a bigger number of channels. As such, the 

distinction in wavelength between two adjoining channels is 

ideally limited [4, 5].  

Photonic crystal is basically a periodic structure in optical 

medium which totally control the flow of light.  As it forces 

light around sharp band and multiple reflection can be done 

from its surface. Photonic crystal is nanostructure whose 

refractive index changes with the dimensions, it is described 

using Maxwell’s Equation, which can be solved by the 

application of massive computational power. Based upon the 

variation of the refractive index, photonic crystal is basically 

classified as One Dimensional, Two Dimensional, and Three 

Dimensional.  Mainly we work on two dimensional (2D) 

photonic crystal, the reason behind using 2D is that in this we 

add some defect as same as we add doping in semiconductor 

to increase its conductivity, but in photonic crystal creating 

defect is to increase the overall efficiency of the design. The 

periodicity of the light is broken by adding defect, which may 

be classified as line defect and point defect. Photonic crystal 

have a photonic band gap (PBG) and different frequencies 

band is created which does not allow different frequency due 

to its periodic structure.  

In this paper, different cavity based add drop filter is designed 

with the feature that the resonant wavelength of ring resonator 

is changed while changing the dielectric constant. For 

calculating photonic band gap we use the Plane Wave 

Expansion (PWE) method, which is calculate without adding 

defects in the lattice structure. The analysis is done so as create 

quasi- square and circular Add Drop filter based PCRR with 

silicon as a dielectric material. Adding defects is of two type 

i.e. Line Defect and Point Defect. As Line defect is along the 

whole row of atom in solid and point defect is where the atom 

is missing. In this paper we are using combination of line 

defect (bus waveguide), point defect cavity and a single ring 

resonator between input and output line defect PC waveguide. 

The whole PCRR is designed on rectangular/ square lattice 

having silicon as a dielectric material with refractive index 

value 3.6730 

Here effect of different cavity based ring resonator parameter 

on the resonant wavelength and transmission spectra of 

PCRRs are investigated. The proposed structure provides a 

possibility of optical channel drop filter and can be used in the 

future photonic integrated circuits [6, 7]. This paper is 

arranged as follow: In Section ‘II’ structural is designed. In 

section ‘III’ structural different cavity ad drop filter is 

designed. In section ‘IV’ Simulation result are discussed. In 

section ‘V’ conclude the paper. 

 

II. STRUCTURE DESIGN 

In this paper, different cavity PCRRs are designed on 2D 

rectangular lattice photonic crystal. The number of circular 

rods in X and Z direction is 19 X 19, respectively surrounded 
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by the air medium. Here we are using silicon as a dielectric 

material with RI value 3.6730 and that of air is 1.0, 

respectively. The spacing between the two adjacent rod known 

as lattice constant (a) with value 543.1 nm and permittivity of 

the rod is 13.5( Refractive index = 3.6730). The radius of the 

rod is 0.1768 X a, which is close to 0.1 𝞵m. The ratio of the 

rod radius (r) to that of the lattice constant (a) is equal to 

0.1768 𝞵m. 

 
Fig 1: photonic bandgap structure of 19 X 19 square lattice without creating 

defects 

 

Figure 1 show the band diagram of square lattice photonic 

crystal without creating any defect which give Transverse 

Electric (TE) and Transverse Magnetic (TM) mode. The 

analysis of PC is done by using TE and TM mode. In our 

proposed structure we are using TE mode. According to the 

figure 1, there are two PBGs in the band structure diagram. 

The frequency range of first and second band are 0.785158< 

a/𝞴<0.514857 and 1.36103< a/𝞴 <1.30499, in term of 

wavelength we write it as 1273.6 nm< 𝞴 <1942.2 nm and 

734.7 nm <𝞴 <766.2 nm, as our required band lie in the 

bandgap first.  As the bandgap first cover both the band i.e. the 

L-band and c-band ranging from (1565nm – 1625 nm) and 

(1530nm – 1565nm). Here we are using this PBG for 

designing our different cavity based PCBPFs for wavelength 

lie in L- band and C-band. In the photonic crystal the PBG is 

calculated using Plane Wave Expansion (PWE) method. When 

the defect introduce in the structure light propagate through 

the PBG region. 

 

III. STRUCTURAL CAVITY BASED ADD DROP 

FILTER USING PHOTONIC CRYSTAL RING 

RESONATOR 

In ideal add drop filter the ring resonator is sandwich between 

two parallel waveguide in which the upper waveguide behave 

as bus waveguide and lower waveguide behave as dropping 

waveguide. It basically consist of four port i.e. A, B, C, and D. 

electromagnetic signal is transmitted from input ‘A’, port ‘C’ 

and ‘D’ are forward and backward dropping terminal. Port ‘B’ 

is a forward transmission terminal for bus waveguide. Here we 

design three structural cavity i.e. Quasi- square and Circular 

cavity based PCPP They consist of two in- line quasi 

waveguide in X direction and three rings in resonant cavity 

that are positioned between them. The rods inside the resonant 

cavity is known as inner rods and the coupling rods is placed 

between in the bus waveguide and dropping waveguide. 

 In figure 2, quasi- square PCRR is designed by removing the 

inner rods by introducing point defect. Here the, coupling rod 

is placed in between the bus waveguide and dropping 

waveguide.   We take radius of the coupling rod as Rc= 0.12r 

so that we get the best dropping efficiency [8]. 

 

 
Fig 2: schematic diagram of quasi-square cavity based PCRR 

 

In figure 3, we design a circular cavity based PCRR by 

removing the inner radius and creating waveguide by using 

point and line defect. Rods from left side is shifted into the 

ring resonator so as to from a circular cavity with scattered rod 

radius value change to 0.11𝞵m 

The radius of the coupling rod is 0.08𝞵m so that we get the 

better efficiency. 
 

 
Fig 3: schematic diagram of circular cavity based PCRR 

 

IV. SIMULATION RESULT 

In this paper, we are using continuous wave which is applied 

to the port ‘a’ and from port ‘B’ and ‘c’ we get the resultant 

output.  In Figure 4, at resonant input signal of wavelength 

1595nm is entered from point ‘A’ where the input port is 

coupled through quasi-square cavity and drop out from port 

‘D’, whereas at “Off” resonant condition signal go straight 

from the bus waveguide and received from port’ B’ shown in 

figure5. In these figure, input signal is coupled with 

waveguide and output provide the output efficiency. In order 

to increase the efficiency we add defects by changing the rod 

radius. For calculating the simulation result, we are using 

Finite Difference Time Domain (FDTD) method. A 2d 32 bit 

simulation is done to obtain the simulation parameter. The 

simulation process run for 10000 time step. The resonating 

based circular cavity gives better performance. By varying the 

rod radius we design a band pass filter and also increase its 

overall efficiency. 
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Fig 4: electric filed pattern of quasi-square PCRR based ADF at the resonant 

wavelength 1595nm 

 

 
Fig 5: Electric filed pattern at ‘OFF’ resonance condition at wavelength 

1550nm 

 

In Figure 6, at resonant input signal of wavelength 1567.95nm 

is entered from point ‘A’ where the input port is coupled 

through quasi-square cavity and drop out from port ‘D’, 

whereas at “Off” resonant condition at wavelength 1520nm 

signal go straight from the bus waveguide and received from 

port’ B’ shown in figure 7. In these figure, input signal is 

coupled with waveguide and output provide the output 

efficiency. In order to increase the efficiency we add defects 

by changing the rod radius. 

 
 

Fig 6: electric field pattern of circular cavity PCRR based ADF at the 

wavelength 1569.75nm 

 
Fig 7: Electric field pattern at ‘OFF’ resonant condition at wavelength 1520nm 

 

The transmission spectra for quasi-square cavity PCRR based 

add drop filter in shown by figure 8 for the resonant 

wavelength 1595nm and with coupling rod radius as 0.12𝞵m 

similarly for circular cavity PCRR based add drop filter, the 

transmission spectra is shown by figure 9 for the resonant 

wavelength 1569.75nm and coupling rod radius as 0.08𝞵m 

whereas scattered rod radius value is 0.11𝞵m. An OPTIFDTD 

method is used to simulate the design.  

 

 
 

Fig 8: Transmission spectra for quasi-square cavity PCRR based ADF at 
resonant wavelength 1595.0nm 

 
 

 
 

Fig 9: Transmission field spectra for circular cavity PCRR based ADF at 

resonant wavelength 1569.75nm 
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V. CONCLUSION 

In this paper, Quasi-Square cavity and circular cavity PCRR 

based ADF are analyzed and investigated by using Finite 

Difference Time Domain Method. The whole system structure 

designed on 2D rectangular lattice having silicon as a 

dielectric material with RI value 3.6730. The photonic 

bandgap is calculated using Plane Wave Expansion (PWE) 

method. The above Quasi- Square cavity PCRR based ADF is 

optimized for 1595nm whereas Circular cavity is optimized 

for 1569.75nm. The proposed and suggested PCBPF is 

compact and overall size of the chip is 10.5𝞵m X 10.5 𝞵m i.e. 

110.25𝞵m2As both the proposed design is optimized within 

the L-band so it find many application in various photonic 

integrated circuits and use in CWDM application 
 

ACKNOWLEDGMENT 

I would like to thank Mrs. Vijay Laxmi Kalyani, Assistant 

professor in Electronics and Communication department of 

Govt. Women Engineering College, Ajmer for the helpful 

contribution and guidance.  

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
(1) Joannopoulos JD, Meade RD, and Winn JN. Photonic Crystals:   

Molding the Flow of Light. Princeton University Press, Princeton, NJ, 

USA. 1995. 

(2) Mansouri-Birjandi MA, Moravvej-Farshi MK, and Rostami A. Ultrafast 
low threshold all-optical switch implemented by arrays of ring 

resonators coupled to a Mach–Zehnder interferometer arm: based on 2D 

photonic crystals. Appl. Optic. 2008; 47: 5041-5050.  
(3) Wang Q, Cui Y, Zhang H, Yan C, and Zhang L. The position 

independence of heterostructure coupled waveguides in photonic crystal 

switch. Optik. 2010; 121:684-688. 
(4) Selim R, Pinto D, and Obayya SSA. Novel fast photonic crystal 

multiplexer-demultiplexer switches. Optical and Quantum Electronics. 

2011; 42:425-33.  
(5) Pennec Y, Vasseur JO, Djafari-Rouhani B, Dobrzyński L, and Deymier 

PA. Two-dimensional photonic crystals: Examples and applications. 

Surface Science Reports. 2010; 65: 229-291. 
(6) Djavid M, Abrishamian MS. Multi-channel drop filters using photonic 

crystal ring resonators. Optik. 2012; 123: 167-170.  

(7) Chu ST, Pan W, Sato S, Kaneko T, Kokubun Y, and Little   BE. An 
eight-channel add/drop filter using vertically coupled microring 

resonators over a cross grid. IEEE Photonics Technology Letters. 1999; 

11: 691-693. 
(8) F. Monifi, F. Monifi, A. Ghaffari, M. Djavid, and M. S. Abrishamian, 

“Three output port channel drop filter based on photonic crystals”; 

Applied Optics, 48(4), 804–809, 2009 
(9) M. Djavid, A. Ghaffari, F. Monifi and M. S. Abrishamian, “Photonic 

crystal narrow band filters using biperiodic structures”, Journal of 

Applied Science, vol. 8, no.10, pp. 1891-1897, 2008.   
(10) S. Robinson, and R. Nakkeeran, “A bandpass filter based on 2D circular 

photonic crystal ring resonator”, 7th IEEE International Conference on 

WOCN’10, Colombo, Sri Lanka, Sep 6-8, 2010.  
(11) A. Lavrinenko, P. I. Borel, L. H. Frandsen, M. Thorhauge, A. Harpoth, 

M. Kristensen, T. Niemi, and H.M. H. Chong, “Comprehensive FDTD 

modeling of photonic crystal waveguide components”, Opti. Express 12, 
pp. 234-248, 2004.  

(12) V. Dinesh Kumar, T. Srinivas, A. Selvarajan, “Investigation of ring 

resonators in photonic crystal circuits”, Photonics and 
NanostructuresFundamentals and Applications,  vol. 2, pp. 199-206, 

2004. 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV7IS090069
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 7 Issue 09,  September-2018

229

www.ijert.org
www.ijert.org
www.ijert.org
https://www.ijert.org/cfp

