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Abstract – By creating point defects and line defects in 

photonic crystals, we reach the new sort of photonic crystals. 

Which allow us to design photonic crystals filters. In this type 

of photonic crystals the ability to tune up central frequency 

of filter is important to attention.  

In this paper, we use foregoing points for designing 

photonic crystal filters. The main function of this type of 

filters is coupling between shield of point defect modes and 

directional line defect modes. By using liquid crystals in this 

structures we can tune up the central frequency. We exert 

electric field to excite liquid crystals and design photonic 

switch. This provided filter is promising to miniaturize 

integrated circuit photonic crystal. 

 

Key Words – Liquid Crystal, FDTD, Photonic Crystal 

Filter, Point Defect 

 

I. INTRODUCTION 
 

Scientific progresses and advances resulting from 

increased human understanding of the world have led to 

emergence of new technologies. Meanwhile, 

nanotechnology serves as a key technology in various 

fields affecting industrial and optical communication. One 

of the newest structures discovered in recent years is 

optical crystals taken after their similarity to natural 

crystals  are produced a s a result of a periodic change in 

the dielectric materials refractive index and  filling out a 

dielectric material with neat rows of cavities. Such 

structure allows the material be impermeable to specific 

wavelengths of light.  

In case in photonic crystals, one cavity is removed; a 

defect in the crystal is formed, which is known as point 

defects. But if alternate cavities are removed in the one 

row, a line defect appears. Defects have many applications 

in photonic crystals; these defects are responsible for the 

conduction of light in a forbidden band. Such structures 

are fundamentals for formation of cavity, filters and 

optical crystal waveguides. Optical filters are of great 

importance in optical communication were potential to set 

the center frequency in these filters is very important. For 

this purpose, using liquid crystals in the structure of the 

filters can be archive to desired tunable filter. 
In fact, liquid crystals are regular structures whose 

strength is not same as the solids, but they have the same 

physical and optical properties to a piece of solid crystal.  

Because of the strength and properties and containing 

fluid, liquid crystals react to the applied external electric 

or magnetic field or temperature changes. Such reaction 

which appears as the constituent molecules of the liquid 

crystal network or movement of molecules in the network 

alters optical crystals properties [1]-[2]-[7]. 

Thanks to this feature, adjustable electro-optical 

structures are provided. This material is different from 

isotropic liquids and mechanical properties of the material 

symmetry intermediates between isotropic liquid and solid 

crystals. Due to the asymmetry of the molecules and their 

relative orientation, these materials are non-isotropic and 

their electrical, permittivity and magnetic coefficient is a 

function of direction of wave propagation and is expressed 

in tensor manner. To describe the direction of the liquid 

crystal molecules three-axis are considered. A molecule is 

oriented in the direction along the other two axes 

perpendicular to it. Although molecule is not circular, but 

if in nematic phase, there is no limiting factor for rotation 

of the molecule, rapid rotation of the molecule around its 

axis causes the molecule to become uniaxial. . As for two 

other short axes, no one is superior and hence the nematic 

is uniaxial [5]. 
                                                                                   

                                                                                 

       

            (1) 

 

                                                                    

II. INTRODUCTION  TO THE STRUCTURE AND 

THEORY 
 

In the present paper, a kind of optical crystal filter made 

of square lattice defects cavities and linear optical crystals 

was investigated. Above filter function is based on the 

coupling between the cavity modes, conduction defects, 

line defects. 

Filter operation Frequency can be tuned to the desired 

frequency using liquid crystals.  By relocating cavity and 

defects relative to the frequency of the filter can be 

controlled and tuned. Filter presented in this paper is 

useful in miniaturization of integrated optical circuits. 

At present, the best way to study the optical properties 

of periodic structures are to adopt numerical methods, one 

of which is planar wave expansion (PWE) is further used 

to calculate the band structure and used to extract optical 

band gaps crystals. This method however is not able to 

calculate and model the behavior of light propagation in 

optical devices based on the optical crystals. In order to 
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calculate the behavior of light within the structure of the 

finite difference time domain method (FDTD) is used. 

The foregoing crystal optical filter is consisted of the 

grids 11 * 11 of dielectric rods in air background.   Radius 

of the dielectric rods is 0.2 network constant and dielectric 

constant is found to be 11.56 (Si). As per PWE method, 

dispersion curves for a square structure with the details 

was estimated, as it can be seen in Figure 1. As illustrated 

this structure for the light characterized with TM 

polarization, in the same frequency range 0.28 to 0.44      

(c / a) , a broad stop light band is created. 

 
Fig.1. Dispersion curve of square structure photonic 

crystal 

 

The structure of interest, optical crystal is a narrow band 

filter in the first telecommunications window. The 

schematic for this filter is shown in Figure 2 – (a). This 

filter is triggered by a Gaussian pulse whose width is 

sufficient. Transmission spectrum of the filter can be seen 

in Figure 2 - (b). As you can see the frequency is equal to 

the resonant housing frequency.  

 

 
 

Fig.2 – (a). Photonic crystal filter 

 

 

 
Fig.2 – (b). Transmission spectrum of photonic crystal 

filter 

 

Selecting network constant equals 580 nm, this filter has 

the ability to work in the first window of communication.  

As seen in this type of filter can be maintained at very 

high efficiencies by creating a cavity.    More filters in the 

optical range of the spectrum of the normalized frequency 

shift of about 0% and in 0.3767 with pass coefficient of 

100%. 

To deal with the effect of liquid crystals as shown in 

Figure 3, the middle four bars of E7 nematic liquid crystal 

structures with specifications μo = 1.1, and  μe = 1.3 and 

the breakdown voltage or 0.4 (Kv/μm) are filled. In liquid 

crystals, the crystal axis molecules, the optical axis make 

an angle in relation to the Z axis. The image on the XY 

axis φ makes angle with the x-axis [3]. 

 

 
Fig.3. Photonic crystal filter using liquid crystal 

 

The performance of this structure is such that applying 

static magnetic field, angle between the optical axis of the 

liquid crystals with x-axis is the same φ changed by 

rotation of 90 degrees with the axis leading to the matrix 
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elements of the tensor μ and thus the refractive index of 

the central rod structure [8]. 

 

III. SIMULATION RESULTS 
 

Figure 4 shows the transmission spectrum of the 

structure for angles of 0, 30, 45, 60 and 90.  

As it can be seen, the angle increases from 0 to 90, the 

curves shift to the lower frequencies, the quality factor is 

lower and magnitude of power transfer is reduced. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Transmission spectrum of tunable photonic crystal 

filter 

 

According to calculations, as angle increases from 0 to 

90 degrees about 1.7241 Terra Hz frequency occurs. 

 Figure 5 (a) and (b) illustrate electric field distribution 

in the normalized frequency 0.3742   (φ = 0 is the resonant 

housing frequency), in two manners.   

The first case is when the angle between the optical axis 

and x-axis, the second case is when the angle varies zero 

and 90 degrees. In both cases, the normalized frequency of 

the sinusoidal pulse stimulated is 0.3742. Obviously, in the 

first case because the excitation frequency is equal to the 

resonant frequency of the chamber, the inlet opening of 

the output wave-off.  But in the second case because the 

resonant frequency of the chamber through a constant 

magnetic field is changed, thereby exacerbating the input 

pulse output does not allow light to pass into the opening. 

 

Fig.5 – (a). Electric field distribution  along the cross wave 

Fig.5 – (b). Electric field distribution  along the reflecting 

wave 

 

IV. CONCLUSION 
 

In the ingoing paper, line and point defects in the optical 

crystal square structure, a new optical filter is designed 

using liquid crystals in a number of bars rods the structure 

and the magnetic field, the crystal tunable optical filter is 

provided. In the light of above results, filter operation 

frequency should be tuned using liquid crystals in the 

desired frequency and in both modes it equals to φ 0 and 

90 ° as an optical switch. 
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