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Abstract 

In this present communication, we have shown theoretically that total 

omnidirectional reflection bands can be enlarged by using one-dimensional 

PCs containing left-handed materials (LHMs). The left-handed materials 

(LHMs) also called negative index materials (NIMs) or double negative 

(DNG) materials are artificial composite with both negative permittivity  and 

permeability . In order to implement our idea, we consider 1-D PC consisting 

of alternate layers of positive index material (PIM) and negative index 

material (NIM). The proposed structure is capable to reflect a large portion of 

EM wave for both polarizations (TE- and TM-) and for all the incident angles. 

The total reflection frequency range is compared to the normal photonic 

crystal structure that consists of alternate layers of dielectric materials having 

positive index of refraction. The PC structure containing periodic arrangement 

of PIM and NIM can enhance the band gap and omnidirectional frequency 

band. We have calculated the band structure, reflection behavior of NIMs and 

PIMs by using Transfer Matrix Method which has been shown graphically. 

Index Term:  Photonic Crystals; Omni-directional Reflector; Negative Index 

Materials. 
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INTRODUCTION  

The field of photonic crystals (PCs) which is artificially periodic structure of the 

dielectric materials was initialized during the late 1980s after the pioneering works by 

John and Yablonovitch [1-3]. Several research groups worldwide have reported that a 

periodic one dimensional (1-D) medium can have high reflectivity over a broad range 

of frequencies at all incident angles. First design criterion for omnidirectional 

reflection in 1-D photonic crystal was given by Fink et al. [4] and Winn et al. [5]. 

Metamaterials are artificial materials engineered to have properties that may not be 

found in nature. First time, in 1967, Veselago [6, 7] considered the case of a medium 

that had both negative dielectric permittivity and negative magnetic permeability at a 

given frequency and concluded that the medium should then be considered to have a 

negative refractive index. S.A. Ramakrishna [8] has examined the problem of making 

materials with negative material parameters which are mostly structured composites. 

The design of meta-materials that show a negative refractive index is an extreme form 

of electromagnetic engineering. 

Pandey et.al. have already studied the reflection properties of plasma dielectric 

photonic crystal for making omnidirectional reflector with effect of variation of 

plasma width and plasma density [9-14]. This study very clearly reveals that the width 

of 100% reflection bands increases for both TE - & TM- modes. Pandey et.al. have 

already studied the optical properties of negative index materials [15]. 

In this communication, we have studied the reflection properties of one-dimensional 

PCs containing left-handed materials (LHMs). The left-handed materials (LHMs) also 

called negative index materials (NIMs) or double negative (DNG) materials are 

artificial composites with both negative permittivity and permeability. The total 

omnidirectional reflection band is observed. We have used transfer matrix method for 

the calculation of band structure and reflection behavior.  

 

THEORETICAL BACKGROUND USING TRANSFER MATRIX METHOD 

Consider a one dimensional system composed of periodic arrays of two different 

materials with refractive index n1 and n2 and thickness of the layer d1 and d2 having 

propagation of EM wave along x-axis normal to the interface. The refractive index of 

the structure is given by 

        

With n(x) = n(x+d). Here, d= d1+d2 is the period of the lattice (or lattice constant).  

The electromagnetic field distribution within each layer can be expressed as the sum 

of right and left-hand side propagating wave.  
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Figure 1. Schematic diagram of a dielectric 1-D PC structure. 

 

In the both layers of the nth unit cell, the electric field can be written as  

    =     

                =     

where  

ki  = =   ;  is the ray angle in the  ith layer    (i = 

1,2),  is the constant of propagation  and ni = , where  and   are the 

dielectric permittivity and magnetic permeability of the constituent layers. 

The coefficients an , bn , cn , and dn are related through the continuity conditions at 

the interfaces x = (n-1)d and x = (n-1) d+d2. According to the continuity, this 

condition leads to the matrix equations, which relates the first layer coefficient of 

the nth cell, and is given as [16, 17]. 

    =  Tn      

 

Where Tn is called the transfer matrix and is given by      

    Tn =       
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The elements in the matrix A, B, C and D are  

  ;  

   

  ; 

     

 

The parameter   depends on the polarization. Polarizations,  for TE and TM is 

given by      =        and        =                                 

 

The coefficient of right and left hand side propagating wave in both sides of the 

multiplayer structure aN and bN for the finite stacks, are calculated by multiplying 

transfer matrix of each cell as 

= T1 T2 …..TN ,    

  

Where N = total numbe r of the cell. By solving above matrix equation with the 

condition bN = 0, the coefficient of reflection is given as  

.      

Thus, the reflectivity (or reflectance) of the structure is   RN = .  

    

Now, according to Bloch theorem, the electric field vector is of the form   

, where EK(x) is periodic with the period ‘d’. For the determination 

of K as a function of eigen value, we can write the equation as 
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      =       

The dispersion relation for the PC structure containing the alternate stacks of positive 

index materials (PIM) is calculated by solving the above matrix and is given by 

    

 

The dispersion relation for the PC structure containing the alternate layer of positive 

and negative index material i.e. ordinary material (OM, PIM) and negative index 

materials (NIMs) is given by  

    

 

RESULTS AND DISCUSSION: 

In this present communication, we investigate the omni-directional reflection bands in 

proposed Photonic Crystals (PPC), having alternate regions of PIM – PIM (Positive 

Index Materials - Positive Index Materials) and PIM – NIM (Positive Index Materials- 

Negative Index Materials) structure. We have calculated the reflectivity of the 

proposed structure at the various angles of incidence for both polarizations (TE - & 

TM). We have plotted a graph between reflectivity and normalized frequency at 

different angle of incidence for the proposed structure. The total number of layers are 

taken as N =15. Figs. (1) and (2) show the reflectance curve for both the structures at 

angles of incidence ,60,30,0 000 and 89 0  for both modes. The study of reflectance 

curves show that as the value of incidence angle increases, the width of 100% 

reflected frequency region also increases for both modes. The reflection bands have 

larger width in the higher frequency side. The variation of reflectance with the 

incidence angle for both PPC structures can also be seen from fig (1-2). From these 

graph, it is also obvious that as the incident angle increases, reflectivity of the PPC 

structure also increases. From the study of these curves, it is observed that the width 

of 100% reflection bands increases for both modes. It is very large in PIM-NIM 

structure as compared to PIM-PIM structure and hence ODR band also increases. 

Thus, broad band omni-directional reflector can be obtained by increasing the 

refractive index contrast of PIM-NIM structure.  The reflectance band gap increases at 

a large scale in PIM-NIM structure as compared to PIM –PIM structure. 



358  J. P. Pandey and  G. N. Pandey 

 
 

Figure 2. PIM-PIM structure with angles 00, 300 , 600 and 890 respectively. 
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Figure 3. PIM-NIM structure with angle 00, 300 , 600 and 890 respectively. 
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