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The optical reflectivity and transmission in semiconductor quantum 

wire grating, are considered theoretically for an incidence parallel to 

the layers. The curves are obviousness in favour of coupled TE and TM 

band gap energy with very high reflectivity for θ > 80° and which is 

accompanied by a nearly vanishing transmittance. In such an extended 

energy range, the system behaves as a mirror.  
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Introduction:- 
The semiconductors, having both a high refractive index and a low absorption, combined with air are an ideal choice 

for the production of photonic band gap materials. It should be noted that the width of a photonic band gap of a 

material is even wider than the refractive index contrast between the materials of which it is composed is 

high.  Indeed, the strong contract of index allows a good vertical confinement of the light, and then the out-of-plane 

losses are limited.  

 

The electronic and optical properties of inhomogeneous structure such as grating of quantum wires are intensively 

studied experimentally and theoretically [1-8]. In semiconductor insulator cylindrical quantum wires, both 

experimental and theoretical investigations of optical properties are presented by E. A. Muljarov et al [1]. These 

experimental and calculated absorption and exciton transition energies, which demonstrate the prominent excitonic 

behavior, are in good agreement. The s- and p-polarized spectra reflectivity of grating of rectangular quantum well 

wires is computed by using Green’s function formalism [2]. For an incidence plane perpendicular to the layers, the 

calculations of the reflectivity spectra vs the energy of the incident electromagnetic wave for s- and p-polarized light 

are signs of the opening of a photonic band gap over a whole range of energy [3]. 

 

Also, for a superlattice of quantum wires, spectra polariton dispersions and their radiative decay rates were 

discussed [4]. All these results were fundamental for the study of the optical properties of these structure for an 

incidence plane parallel to the layers of the grating (φ = π / 2). 

In this paper we focus on the calculations of the reflectance and transmittance in semiconductor quantum wires 

grating when the plan of incidence is parallel to the wires. In section 2 we present our model. The resulting 

reflectivity spectra are discussed in section 3. Section 4 is devoted to the conclusion. 

 

Theoretical framework:- 

In this section we focus on the propagation of an electromagnetic wave inside an inhomogeneous medium such as 

dielectric quantum wire grating. The proposed theoretical models show that the light propagation is widely 
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influenced by the structure of interfaces. In our work, and in order to simplify the physical problem, we neglect 

imperfections and defects at the interfaces and we assume that our system is one-dimensional.   

For zLz 0 , the unperturbed electric field resulting from guided modes generated by the dielectric grating 

having the following expression: 
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where  zyxi ,,  

For parallel incidence to the layers, the total electric field in the vacuum ( 0z ) actually includes two terms: the 

first one is relating to the incident plane wave and the second is attributed to the reflected waves, namely: 
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In the substrate ( hz  ), the transmitted electric field is: 
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The coefficients 
s
Gr0  , 

p
Gr0  , 

s
Gt0  and 

p
Gt0

 are determined from the boundary conditions imposed on the electric field 

components at 0z and hz  , namely: 

at  0z                    
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The coefficients xnA  and xnB  are determined from the boundary conditions imposed on the components of the 

magnetic field B


. In our calculations, we will neglect only all surface currents. The continuity of the tangential 

component of the magnetic field in 0z and hz  leads to: 

 

For s- polarized light, 
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For p- polarized light, 

at  0z   

xn
n

nyznnyyn

z

y
znyx

z

xy

xn
n

nyznnyyn

z

y
znyx

z

xy

G

z

y

z

xy
z

BkkGEkkkGEk
Gq

k
GqkkGE

Gq

Gkk

AkkGEkkkGEk
Gq

k
GqkkGE

Gq

Gkk

Gq

k

Gq

Gkk
Gq

























































































),,(),,(
)(

)(),,(
)(

)(

),,(),,(
)(

)(),,(
)(

)(

)()(

)(
)(2                                        

00

2

0

00

2

0

0,

2



         (14) 

at  hz    
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The solving of these linear equations yields to the evaluation of reflection coefficient ),( 00
p
G

s
G rr  and transmission 

coefficients ),( 00
p
G

s
G tt  for an incidence parallel to the layers where the corresponding incidence plane is (y, z). In this 
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case, the TE and TM polarisations are coupled. The reflectivity R and the transmittance T, derived from the averaged 

of Poynting vector, are given by: 
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Numerical results:- 

Let us consider a grating of GaAs quantum wires, where the y direction is parallel to the wire axis. We denote by xL
 

the lateral dimension of the rectangular wire, d the periodicity of the grating and h is its vertical thickness. 0  is the 

dielectric constant of the vacuum space and b refractive index of the wires. As described later, the high index 

contrast is a major interest in the development of energy bands prohibiting the propagation of light.  

 

The system is illuminated by an electromagnetic wave propagating in oblique incidence. The polar and azimuthal 

angles of incidence 
 
and 

 
specify the incoming light incidence. In this case, the situation becomes more 

complex. Indeed, for oblique incidence propagation the apparent optical thickness of the layers exchanges. The 

plane of incidence is considered parallel to the layers, namely, 
2

  . The wavelength is chosen to be nm790 . 

It is interesting to note that in our calculations of the reflectivity rate, our starting point is to optimize parameters of 

our structure in order to obtain a good reflection (Fig.1). First, we fixed the lateral width of the GaAs layer at 

4/xL
 
and were optimized width of the period. As shown in (Fig.1), a good reflectivity, over a wide range of 

energies, is observed for d  of the order of the wavelength ( d
 
). 

 

 

Fig.1:- Reflectivity spectra of semiconductor GaAs quantum grating for 4/xL , nmh 350 , 
83  and 

2
  . 

 

The curves of figure (Fig.2) show the light reflection rate function of incident energy for different values of the 

angle of incidence θ. The reflectivity spectra reveal a band of high reflectivity )1( R  from )80(   which is 
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accompanied by a low transmission. This behavior is an evidence for the presence of a photonic band gap. The 

region of the full band gap matches the intersection of TE and TM band gaps and is extended on the energy band 

[1.6 eV, 2 eV]. By increasing the angle of incidence θ, we find that the energies of the edges of the band gap shift 

slightly towards higher energy and we notice a gradual increase in the reflectivity rate until saturation unit. As the 

width of the forbidden band, it undergoes a slight enlargement and seems to depend on the angle θ. But when the 

incident angle decreases beyond a certain angle )75(  , the TE and TM band gaps are no longer overlap and the 

propagation of the wave is again authorized (low reflectivity rate), while at normal incidence, one finds the Bragg 

reflections.  

 

As shown in (Fig.2), the reflectivity spectra reveal an important behavior: the opening of a mini-band transmission 

that appears locate in the band gap. In fact, different types of waves, reflected and transmitted, propagate inside the 

grating [4]  and can interfere constructively for the same phase waves. For this reason, the transmission approaches 

one. This result is suggestive of the existence of allowed modes in the photonic band gap and shows great similarity 

with experimental and theoretical observations in photonic crystal defects. This opens the way to realize new 

components, such as lasers and optical filters. 

 

 

Fig.2:- Reflectivity spectra of semiconductor GaAs quantum grating for 4/xL , nmh 350 , d  and 
2

  . 

Conclusion:- 
The knowledge of the optical properties of the photonic crystal is essential for applications in integrated optics. In 

particular, the photon mode control has been accomplished with localized mirrors such as Bragg reflectors. 

Nanostructured quantum wire grating constitute a waveguide with a high index contrast. To understand some 

properties of such structures, we conducted theoretical studies in order to evaluate various parameters characterizing 

the structure. Both at normal incidence and incidence parallel to the layers, this system behaves like nano-mirrors to 

a judicious choice of parameters of the structure and the angle of incidence θ. It is considered as prototypes of one-

dimensional photonic crystals. In fact, the reflectivity spectra emphasize the opening of a photonic gap prohibiting 

the transmission of photonic modes on precise energy band. The opening of a mini-band transmission in the BIP 

signals the existence of allowed modes. This interesting property, comparable to those of photonic crystal defects, 

let these resonant systems are of major interest in the manufacture of lasers, waveguides and good quality filters.  
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