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We study in this paper the direct interband transitions in   a quantum dot superlattice system. We obtain the analytical 

expressions for the light interband absorption coefficient and threshold frequency of absorption as the functions of 

geometrical size of quantum dot superlattice system. According to the results obtained from the present work, we find that 

the absorption threshold frequency decreases when the size of quantum dot superlattice increases.  
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Over the last decades, there has been 

considerable interest in low-dimensional 

semiconductor systems in which the electron motion 
is strongly confined such as quantum wires, quantum 

dots, etc. Low-dimensional semiconductor structures 

include quantum wells, quantum wires, quantum dots, 

superlattices, and so on.  Since in the systems one, two 

or three of the dimensions become of the order of the 

de Broglie wavelength for electrons, new quantum 

effects are expected [1]. 

Low-dimensional semiconductor structures, 

particularly quantum dots are attracting considerable 

attention recently, in part, because they exhibit novel 

physical properties and also with potential and real 

applications in many electronic and optoelectronic 

devices.  In the last decades, a modern technologies, in 

particular such as Stranski-Krastanov epitaxial method 

have been developed to grow a wide variety of 

quantum dots structures having different geometries 

(spherical, parabolic, cylindrical and rectangular) and 
potentials (parabolic potential model, the square well 

model) [2-4 ]. 

Recent interest to semiconductor quantum dots is 

conditioned by new physical properties of these zero 

dimensional objects, which are conditioned by size-

quantization effect of the charge carriers [5–7]. The 

presence of size quantization in all three directions 

makes the energy spectrum of charge carriers and 

strongly dependent on the geometry and linear 

dimensions of the sample [3]. It is clear that the more 

geometrical parameters characterize quantum dot, the 

more exibly one can control its energy spectrum. The 

subject of quantum dots as low- dimensional quantum 

systems has been the focus of extensive theoretical 

investigations. Much effort has recently been done in 

understanding their electronic, optical and magnetic 

properties. 

In the last few yeas there has been considerable 
theoretical and experimental study has been carried 

out on the electronic and optical properties of multiple 

quantum well heterostructures. The central motivation 

of such studies has been the possible applications of 

these systems in optoelectronic devices. Growth 

techniques, such as molecular-beam epitaxial and 

metal- organic chemical vapor deposition, have made 

possible the fabrication of highly pure structures with 
abrupt interfaces, allowing for the tailoring of the 

electronic structure to suit almost any need. An 

interesting example is the variably spaced 

semiconductor superlattice [8]. 

Quantum dot superlattices are hence expected to 

display radically different non-equilibrium transport 

properties than quantum well superlatices. Potential 

applications for high performance thermoelectric 

converters [9], photovoltaics[10], and quantum 

cascade lasers [11] further motivates the fundamental 

understanding of the nonequilibrium transport 

properties of superlattices with 3D quantum 

confinement. 

Quantum dot superlattice structures, which have 

a delta-function distribution of density of states and 

discrete energy levels due to three-dimensional 

quantum confinement, a potentially more favorable 
carrier scattering mechanism, and a much lower lattice 

thermal conductivity, provide the potential for better 

thermoelectric devices [12]. 

As we know, the study of the optical properties 

of low-dimensional semiconductor structures is 

important, not only to know, but also in the fabrication 

and subsequent working of electronic and optical 

devices based on such systems. There are many 

theoretical and experimental works on the optical 

properties of nanostructures such as quantum dots, 

quantum wires, and quantum wells [13-21]. The 

optical properties of low-dimensional semiconductor 

systems are especially useful in giving detailed 

information about their microscopic physics. One of 

the interesting optical properties is the light interband 

absorption coefficient. The spectroscopy of optical 

transitions across the band gap (interband transitions) 

is a powerful and versatile method to study the 
electronic structure of semiconductors. The optical 

properties of quantum dot for the first time were 

considered by Efros and Efros [4] at theoretical 

investigation of direct light absorption in spherical 

quantum dot with indefinitely high walls. Andreev and 
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Lipovskii [22] discussed the influence of anisotropy of 

band structure on optical transitions in spherical 

quantum dots.  

Even though   considerable attention has been 

given to the study of the light interband absorption of 

the semiconductor quantum dots superlattice 

structures.  

The light interband absorption of quantum dot 

superlattice structures has not been investigated so far. 

In the present work, we study the interband light 

absorption in a quantum dot superlattice structures. 

We obtain the light interband absorption coefficient 

and show dependencies of the absorption threshold 

frequency and on geometrical size of quantum dot 

superlattice structures. 

The interband absorption in a quantum dot 

superlattice with a periodic potential U (z) of period d 

along the z-direction of the harmonic oscillator form   

is considered: 
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where 
m is the effective mass, x  and y  are the 

confinement frequencies in the x- and y-directions, 

respectively. Harmonic oscillator belongs to the most 

important and most commonly used physical models. 

Due to the formal simplicity, it is considered as one of 

the exactly solvable quantum mechanical problems. It 

is used to model a wide variety of phenomena ranging 

from molecular vibrations to the behaviour of 

quantized fields [23]. In the strong-coupling 
approximation, the Hamiltonian for charge carriers in 

a quantum dot superlattice can be written as [24, 25]:
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where   is the miniband width. The electron 

effective mass emm 
, when the conduction band 

is considered; and hmm 
 when the valence band 

is considered, where hm  is the effective mass of the 

hole. 

The normalized eigenwave functions of the electron 

)(,, r
zken  and the eigenvalues of the energy 

)(, zln kE  in the conduction band are set, respectively, 

in the form [26]:  
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where  ,...2,1,0n  and  ,...2,1,0l  are the level 

indices of the electronic subbands, zk is the 

component of the wave vector in the z -direction, 

n(x), )(yl   are the eigenwave functions of the 

harmonic oscillator,  xH n
,  yH l

is the Hermite 

polynomial,  xx ml   ,  yy ml   , 

 z
zk  is the Bloch function in the approximation of 

strong coupling in the z-direction, and zL is the 

normalized length in the direction. 

The eigenwave functions of the harmonic 

oscillator for the conduction band are set, 
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The eigenwave functions of the harmonic oscillator for the valence -band can be expressed as    
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Expressions Eqs (3) - (8) show the charge 

carriers energy spectrum and wave functions in 

quantum dot superlattice system. These relations 

allow to calculate the direct interband light absorption 

coefficient in quantum dot superlattice system.  

Since in the future we will consider transitions in 

the quantum dot superlattice, where instead of 

quasicontinuous bands of the energy spectrum we 

have a set of discrete energy values, it follows that 

after integration, we should proceed to summation 

over quantum numbers. As a result, the equation for 

the absorption coefficient of a quantum dot 

superlattice can be expressed by [4]: 
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where 0A  is the quantity proportional to the square of 

dipole moment matrix element modulus, taken on 

Bloch functions. 

The 
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where 
he nnJ and 

he llJ are overlap integrals between 

the valence and conduction bands.  

From Eqs.(9)-(10) it follows that quantum 

numbers nne ,  can change arbitrarily. The argument 

of the Dirac δ-function allows to define the threshold 

frequency of absorption 00 . 

 

CONCLUSION 
 

In this work, we have studied the direct interband 

transitions quantum dot superlattice. We obtained the 

analytical expressions for the light interband 

absorption coefficient and threshold frequency of 

absorption geometrical size of quantum dot 

superlattice. We studied the dependence of absorption 

threshold frequency on quantum dot superlattice size. 

According to the results obtained from the present 

work, it is deduced that the quantum dot superlattice 

size play important roles in the absorption threshold 

frequency.  
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