
Available at: http://publications.ictp.it IC/2007/072 
 
 

United Nations Educational, Scientific and Cultural Organization 
and 

International Atomic Energy Agency 
 

THE ABDUS SALAM INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS 
 
 
 

SELECTIVE OPTICAL TRANSMISSION 
IN ANISOTROPIC MULTILAYERS STRUCTURE 

 
 
 

N. Ouchani 
Laboratoire de Dynamique et d’Optique des Matériaux, Département de Physique, 

Faculté des Sciences, Université Mohamed I, B.P. 771, 60000 Oujda, Morocco, 
 

D. Bria1 
Laboratoire de Dynamique et d’Optique des Matériaux, Département de Physique, 

Faculté des Sciences, Université Mohamed I, B.P. 771, 60000 Oujda, Morocco 
and 

The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy 
 

A. Nougaoui 
Laboratoire de Dynamique et d’Optique des Matériaux, Département de Physique, 

Faculté des Sciences, Université Mohamed I, B.P. 771, 60000 Oujda, Morocco 
 

and  
 

A.E. Merad2 
Equipe Physique de l’Etat Solide, Laboratoire de Physique Théorique, Département de Physique, 

Faculté des Sciences, Université A Belkaid, BP 119, 13000 Tlemcen, Algeria 
and 

The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy. 
 
 
 
 
 
 
 
 

MIRAMARE – TRIESTE 

August 2007 

 

                                                 
1 Junior Associate of ICTP. bria@sciences.univ-oujda.ac.ma 
2 Junior Associate of ICTP. 



 1

Abstract 

We developed a Green’s function method to study theoretically a single-defect photonic crystal 
composed of anisotropic dielectric materials. This structure can trap light of a given frequency range 
and filter only a certain frequency light with a very high quality. It is shown that the defect modes 
appear as peaks in the transmission spectrum. Their intensities and frequency positions depend on the 
incidence angle and the orientation of the principal axes of layers consisting of the superlattice and the 
layer defect. Our structure offers a great variety of possibilities for creating and controlling the number 
and transmitted intensities of defect modes. It can be a good candidate for realizing a selective 
electromagnetic filter. In addition to this filtration process, the defective anisotropic photonic crystal 
can be used to switch the modes when appropriate geometry is selected.  
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 I- Introduction: 

Photonic band gap(PBG) materials, also known as photonic crystal(PCs), have attracted a 

fair amount of  attention due to their electromagnetic properties and potential applications in 

optoelectronic and optical communications [1-7]. A new feature of PCs is the forbidding of 

photon propagation for certain bands of frequencies in all propagation directions and for all 

polarizations, leading to a complete band gap. The physical reason for band gaps is the 

repeated Bragg reflections of light in the periodic structure. When the periodicity is broken by 

introducing a defect into a PC, localized defect modes will appear inside the band gap. 

Properties of these defect modes are studied comprehensively in several works [8-11]. In this 

work we theoretically analyze impurity effects in one dimensional anisotropic crystal. We 

find that the behavior is in general more complex than that observed in defective one-

dimensional photonic crystal made of isotropic media. We demonstrate that the number and 

the intensity of defect modes are extremely sensitive to the incidence angle and the orientation 

of the principal axes of the layers constituting the superlattice and the layer defect. 

The existence of spectral gaps and the defect properties of single-defective anisotropic 

photonic crystal are studied with a Green’s function approach. Each incident plane wave with 

S or P polarization generates two reflected and two transmitted plane waves containing both S 

and P polarized plane waves. For special cases when the principal axes of the layers are 

parallel or perpendicular to fixed axes, the S and P polarized waves remain uncoupled. Thus a 

single incident S(P) polarized plane wave produces a single reflected S(P) polarized plane 

wave and a single transmitted S(P) polarized plane wave. Our work is organized as follows: in 

section II we present our theoretical expressions of the reflection and transmission 

coefficients when S or P polarized wave is incident upon the interface separating the substrate 

and the superlattice. Section III shows the numerical results when a defect layer is introduced 

in the middle of the perfect superlattice made of SbSI/ NaNO2 and embedded between two 

semi-infinite isotropic media (air).  

 

II- Theoretical model 

 In this paper, we study the propagation of electromagnetic wave in periodic dielectric 

structure. The study is performed with the help of the interface response theory of continuous 

media. The object of this theory is to calculate the Green’s function of a composite system 

containing a large number of interfaces that separate different homogenous media. The 

knowledge of this Green’s function enables us to obtain different physical properties of the 
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system such as the reflection and transmission coefficients of the waves. In this theory, the 

Green’s function of a composite system can be written as [7,11]: 

[ ] [ ] [ ]{ } )DM(G)MM(G)MM(G)MM(g)MM(G)MD(G)DD(G)DD(g 111 −−− −+=  (1) 

where D and M are respectively the whole space and the space of the interfaces in the lamellar 

system. G is a block-diagonal matrix in which each block Gi corresponds to the bulk Green’s 

function of the subsystem i. All the matrix elements g(DD) of the composite material can be 

obtained from the knowledge of the matrix elements g(MM) of g in the interface space M. 

The g(MM)  is calculated by inverting the matrix g-1(MM) formed by a linear superposition of 

the surface matrix ( )MMg S
1−  of any independent film bounded by perfectly free interfaces 

with appropriate boundary conditions. Within this theory, the reflected and transmitted waves 

u(D), resulting from a uniform plane wave U(D) incident upon a plane boundary between two 

different media, are given by[10]: 

[ ] [ ] [ ]{ } )M(U)MM(G)MM(G)MM(g)MM(G)MD(G)D(U)D(u 111 −−− −+=  (2) 

The details of the analytical calculations of the transmission and reflection coefficients are 

given in our recent work [7]. 

 

III- Numerical Results 

For the sake of simplicity, our perfect one-dimensional anisotropic structure consists of 

alternating biaxial layers: Five layers of SbSI (material i=1) and four layers of NaNO2 

(material i=2). The periodic structure is embedded between two isotropic media (air). This 

periodicity is broken by inserting a defect layer in the centre of the pure PC structure as 

depicted in figure 1. In this contribution, we assume that the defect layer is made of SbSI (1) 

material (similar to the layer consisting the perfect superlattice) with different thickness 

0 1d d≠  and orientation 0φ . The principal optical indices of these materials are respectively 

[12]: ( ) ( ) ( )1 1 1
x y zn 2.7, n 3.2 , n 3.8= = = and ( ) ( ) ( )2 2 2

x y zn 1.344, n 1.411, n 1.651= = = . The thicknesses 

d1 and d2 of the layers are chosen such that ( ) ( )
2

2
z1

1
z dndn =  and the thickness of plane defect 

is d0=0.65D, where D is the period of the superlattice. The orientation of the principal axes 

with respect to the fixed (XYZ) coordinates system is described by using the Euler angles 

[13,14] φθ  ,  andψ . For the sake of simplicity and without loss of generality, we investigate 

in our present study the effect of only the azimuth angleφ  and omit the effect of the two other 

angles ( 0  ==ψθ ). Curves  2-a and 2-b in figure 2 show the dispersion curves (reduced 



 4

frequency 
2

D
c

ω
π

Ω = ) of the defects modes  within the lowest band gap as functions of the 

azimuth angle 1φ  of all the SbSI layers including the defect layer ( )1 0φ φ= . These branches 

correspond to the maximum of the transmitted P polarized wave (2-a) and the transmitted S 

polarized wave( 2-b) when the incoming light has a transverse magnetic polarization with an 

incidence angle 35θ = ° . Two modes appear inside this band gap with different frequencies, 

which disappear in a perfect superlattice. The intensities of defect modes are strongly 

dependent on the orientation of the principal axes of the layers SbSI in the SL, as depicted in 

curves (2-a’) and (2-b’). The intensity of the first defect mode TPP (solid line) has an opposite 

behavior than the second defect modes (medium dash line). In figures (2-a’) and (2-b’), one 

can remark that the number of defect modes depend on the coupling between transverse 

electric (TE) and transverse magnetic (TM) modes: two modes appear in the region when the 

coupling of S and P is very strong and one mode where S and P are uncoupled. Similar results 

are observed in figure 3 while keeping the azimuth angle 1φ , of the SbSI layers consisting of 

the SL, constant ( 1 45φ = ° ) and modulating the orientation of the plane defect 0φ . The change 

of the orientation of the biaxial layers offers great possibilities for creating and controlling the 

number of defect modes as well as the defect mode frequencies and mode intensity 

distributions. Figures (4-a) and (4-b) represent the reduced frequency Ω  of the defect modes 

as function of the incidence angle θ  inside the first band gap, when ( )1 0 45φ φ= = ° . The 

position and the form of these branches change significantly versus the incidence angleθ . The 

transmitted intensities of these modes Tpp (TSP) increase (decrease) when the incoming light 

is very obliquely incident into the structure as shown in figure (3-a’) (fig.3-b’). 

In conclusion, it has been analyzed in this work that a single defective anisotropic 

photonic crystal can be exploited in the fabrication of an optical filter and can also be used to 

switch optical mode with an appropriate choice of the geometry of the structure.  
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Figure 1: Anisotropic multilayers structure, formed by five layers of SbSI and four layers of 

NaNO2. The defect layer SbSI of thickness d0 is inserted in the middle of the SL, di (i=0,1,2) 

is the thickness of layer i, D is the period of the finite system, and θ  is the incident angle with 

respect to the z-axis. The crystal of the second layer has the principal axis directed along the 

direction of Cartesian axis while the crystal of the first and defect layers is rotated with 

respect to the second one by the azimuth angle ( )0,1i iφ = around the Z axis. The input and 

output isotropic medium is air and the incoming light has a transverse magnetic polarization. 
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Figure 2 : Reduced frequency Ω  of the defect modes (a,b) and transmitted intensities TPP 

and TSP (a’,b’) versus the azimuth angle 1φ  of the SbSI layers inside the first band-gap for a 

finite photonic structure composed of five layers of SbSI and four layers of NaNO2. The 

defect layer SbSI of thickness d0=0.65D is inserted in the middle of the SL. The shaded areas 

correspond to bulk bands of the infinite SL SbSI/ NaNO2. The incoming light has a transverse 

magnetic polarization with an incidence angle 35θ = ° . 
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Figure 3 : Same as figure 2 but the frequency of the defect modes and transmitted intensities 

are presented as functions of the azimuth angle 0φ  of the defect layer. 
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Figure 4 : Variation of the reduced frequency Ω  of defect modes and transmitted intensities 

as functions of the incidence angle for the same structure as in figure 1 for ( )1 0 45φ φ= = ° . 


