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Abstract: We report the electronic and optical properties of corrugated and non-corrugated (311) 

(GaAs)/(AlAs) superlattices using the tight-binding method. These systems grown by molecular beam epitaxy on 

(311) GaAs oriented substrates. We present the valence and conduction band dispersion relations (band 

structures) for the corrugated (311) (GaAs)16/(AlAs)16 superlattice. We have studied the probability densities of 

the lowest conduction band and highest valence band interband transition probabilities of the non-corrugated 

(311) (GaAs)8/(AlAs)8 superlattice and the corrugated (311) (GaAs)16/(AlAs)16 superlattice. We have also 

computed the interband transition probabilities for these systems. We found that the anisotropy rate of the 

interband transitions for the corrugated superlattice is larger than for the non-corrugated superlattice one. We 

concluded that whatever the type of superlattice studied here, the optical anisotropy is reduced when the light 

polarization pass from the [-2,3,3] direction to [0,-1,1] direction for the transitions from the heavy-hole-like 

states. The opposite situation occurs for the transition from the light-hole and split-off-like states. 

Keywords: Anisotropy rate - Corrugated superlattice - Interband transition probability - Non-corrugated 

superlattice - Probability density 
 

I. Introduction 
For two decades, many experimental and theoretical studies have been carried out to study the one 

dimensional (1D) semiconductor nanostructures because of their unique electronic and optical properties [1]. 

Among them the GaAs/AlAs (311) superlattices grown by molecular beam epitaxy (MBE) and who have a 

corrugated interface with gives rise to quantum wire-like structure [2-7]. This nanostructure find a great 

spectrum of technological application in nanoscale electronic and optoelectronic devices : spintronic devices 

[8,9], switching devices [10], infrared photodetectors [11-13], field-effect transistors [14,15], solar cells [16], 

lasers [17] etc… 

Recently, V.G. Dorogan et al [18] reported very impressive result of optical anisotropy of the 

In0.40Ga0.60As grown by MBE on GaAs (311)A and GaAs (331)A substrates. They investigated this sample by 

linearly polarized dependence and they found presents the linearly polarized photoluminescence (PL) spectra, 

with angular dependence. They found also that a strong polarization of electron-heavy-hole transition along the 

[−233] and [01–1] (for (311)A sample) and [−110] and [11–6] (for (331)A sample) directions can be observed 

which is caused by the anisotropy of these systems. 

C. Jouanin and al [19]. report a calculation of the electronic properties of a oriented GaAs/AlAs (311) 

superlattices through the Brillouin zone using realistic values of the parameters in a tight - binding Hamiltonian. 

Optical properties of (311) corrugated superlattice are studied also by C. Jouanin et al [20] and the calculated 

interband transitions account for the photoluminescence data. 

The interest of this computation for the corrugated and non-corrugated (3,1,1) superlattices [19,20]  

which  is based on the tight binding method and  sp
3
s

*
 model lies in the obtaining: 

Firstly the electronic properties of the two kind of superlattices. The predominant heavy-hole or light 

hole character of two upper valence bands, the  or X type two lowest conduction states and the confinement of 

valence and conduction energy levels.  

Secondly, the optical anisotropy of the allowed transition of the corrugated and non-corrugated (3,1,1) 

superlattices. The study of the anisotropy come from the corrugation because the anisotropy of the corrugated 

superlattice is more important than for non-corrugated (3,1,1)-grown superlattice. 

In this paper, we will calculate a band structure of the (311) (GaAs)16/(AlAs)16 corrugated superlattice. 

We will also report the probability densities of the conduction and valence states for the non-corrugated and 

corrugated (311) (GaAs)/(AlAs) superlattices and optical transition matrix element of this nanostructures. Finaly 

we will compare their optical anisotropy. 
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II. Presentation Superlattice 
 Over the last years, the the GaAs/(GaAl) nanostructures have been intensively studied and detailed 

understanding of the electronic and optical properties of quantum wells and superlattices built up with these 

compounds is due to high quality samples with thin layers. The (100)-oriented structures which were the first 

obtained structures were the object of most of these investigations. Growth along other crystallographic 

directions has produced interest in less symmetric surfaces like (110) and has given good quality samples. 

Molecular beam epitaxy on high Miller-index surfaces has allowed the achievement of high-quality structures 

and (311) superlattices are available for experimental investigations of their optical properties.  A method made 

it possible to obtain quantum wires by direct epitaxy of superlattice structures with periodic corrugation of the 

interface [3]. The breaking up of the (311) surfaces into (311) facets with lower surface energy for certain 

growth conditions gives rise to these structures. The geometry in question gives rise to a lateral confinement and 

for thin semiconductor layers, quantum wires are formed. 

 

III. Computation Method 
We use a tight-binding approach, to describe the bulk crystal. The interest of this computational method 

rests in the microscopic description of the materials from the atomic interactions between anions and cations 

which gives the right crystal symmetry and avoids preliminary hypothesis on the origin of the superlattice 

electronic states. To obtain the best possible values for the energies and effective masses at high-symmetry 

points in Brillouin zone, e.g. Γ and X conductions edges, we use sp
3
s

*
 basis taking into account spin-orbit 

interactions [21] and fitting the Hamiltonian matrix elements. We have included the second-nearest-neighbour 

interactions between cation and anion p orbitals in the manner described in Ref. [22], in order to get some 

dispersion for bulk electronic bands along the X-W symmetry line. We take the value of valence band 

discontinuity between GaAs and AlAs equal to 35% of the direct-band-gap difference. Near the interfaces, the 

environment is different from that of the massive material and can modify the value of the tight-binding 

parameters and different geometrical situations occur in corrugated superlattice. The utilisation of means values 

of the two bulk parameters takes into account these various configurations. The electronic band structure is not 

sensitive to this hypothesis, because this work does not concern the very short-period superlattices. The effect of 

the slight lattice mismatch (0,16 %) between GaAs and AlAs are neglected for the considered structures. The 

unit cell of corrugated superlattices is two dimensional and the tight binding basis is very large containing 320N 

local orbitals for a superlattice of N layers along the growth direction [311]. The electronic energies are 

computed by direct diagonalisation or by alternative modes more adapted to handle large dimensional matrices 

as the the spectral moments method [23]. 

 

IV. Results And Discussion 
4.1. Brillouin zone - Band structure. 

4.1.1. Brillouin zone of a (311) corrugated superlattice. 
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Figure 1: Brillouin zone projection on the (0, 1,-1) plan of the (3,1,1) corrugated superlattice 

 

The bisectors plans as shown in figure 1 limit the Brillouin zone along the (0,1,-1) and (3,1,1) 

directions at the points X and Z . The coordinates of this points are, respectively,  1,1,0
8


a

  et  1,1,3
Na

 . 

 

The bisector plans PB1 and PB2 contain the points M and N. They intersect with the y direction, 

respectively, at the points H and K. The distances OH and OK are given by: 
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directions. 

The distance OK is lower than the distance OH when N is small, however it’s identical with the 

distance OH when N is infinite. Thus it is the point Y  (=K=H) which limit the Brillouin zone along the y


 

direction. Its coordinates are:  3,3,2
2


a

 . 

1.1.2. Band structure of the (311) (GaAs)16/(AlAs)16 corrugated superlattice 

We plot respectively in figures 2, 3 and 4 the six highest valence-suband energies and six lowest-

suband energies along, respectively, the three directions [0,1,-1], [3,1,1] and [-2,3,3]. 

We have given respectively in figures 2.b and 3.b, the dispersion along the two respectively directions 

[0,1,-1] and [3,1,1] is small both for the first and third valence states, but it is more important for the second 

valence state. Along the [-2,3,3] direction, the dispersion is important for the three first valence states as shown 

in figure 4.b. 

 
Figure 2.a: Conduction band structure of the (3,1,1) (GaAs)16/(AlAs)16 corrugated superlattice along the [0,1,-1] 

direction 
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Figure 2.b: Valence band structure of the (3,1,1) (GaAs)16/(AlAs)16 corrugated superlattice along the [0,1,-1] 

direction 

 
Figure 3.a: Conduction band structure of the (3,1,1) (GaAs)16/(AlAs)16 corrugated superlattice along the [3,1,1] 

direction 

 

 
Figure 3.b: Valence band structure of the (3, 1, 1) (GaAs)16/(AlAs)16 corrugated superlattice along the [3,1,1] 

direction 

 
Figure 4.a: Conduction band structure of the (3,1,1) (GaAs)16/(AlAs)16  corrugated superlattice along the [-

2,3,3] direction 
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Figure 4.b: Valence band structure of the (3,1,1) (GaAs)16/(AlAs)16 corrugated superlattice along the [-2,3,3] 

direction 

 

As shown in figures 2.a, 3.a and 4.a, the dispersion is important for the second conduction state along, 

respectively, the three directions [0,1,-1], [3,1,1] and [-2,3,3]. 

Of same, along the two directions [0,1,-1] and [-2,3,3] (figures 2.a and 4.a), the dispersion is important 

for the first conduction state, but it’s small along the [3,1,1] direction (figure 3.a). 

The minimum of the first valence state (-433 meV) occurs at the point which limits the Brillouin zone 

along the [-2,3,3] direction. The lowest energy of the the second valence state (-528 meV) along the [-2,3,3] 

direction occurs at the point D  which is 0.15 (in 2π/a unit) away from the point  . We remark that the spin-

orbit splitting due the lack inversion symmetry of the second valence state is important along this direction. The 

two spin components of this state are separated by 21 meV at the point D . Moreover at the point E  of the [-

2,3,3] direction which is 0.192 (in 2π/a unit) away from the point  , the energy of the third valence state is 

minimal. The spin-orbit splitting of this state is also important in the [-2,3,3] direction. That spin-orbit splitting 

is equal to     11 meV at the point E . The maximum of the two first conduction states occurs respectively, at the 

points F  and G  of the [-2,3,3] direction which are respectively, away 0.216 and 0.197 (in 2π/a unit) from the 

point  . The maximums and minimums of respectively, the three first valence states and the two first 

conduction states occurs at the point  . So for the corrugatted (311) (GaAs)16/(AlAs)16 superlattice, the gap is 

direct. 
 

4.2.  Probability densities of the conduction and valence states for the non-corrugated and corrugated (311) 

(GaAs)/(AlAs) superlattices. 

4.2.1. Non-corrugated (311) (GaAs)
8
/(ALAs)

8
 superlattice. 

For the (311) non-corrugated (GaAs)
8
/(ALAs)

8 
superlattice, the first and third valence states are heavy-

hole like. Their energies are respectively -159 and -519 mev. However, the second valence state has a 

predominant light-hole character. His energy is equal to  -228 meV. 

For the first conduction state, the energy at the point Y  (1908 meV) is lower than the energy at the 

point   (1794 meV). To obtain, the probability densities of the valence and conduction states, we compute the 

squared total amplitude of the cation and anion orbital components. In figures 5.a and 5.b, we plot respectively, 

the probability densities of the first and second conduction states at Y  and  . Of  same, the probability 

densities of the first three valence states at the point   are represented, respectively, in figures 6.a, 6.b and 6.c. 

 

 
Figure 5.a: Probability density of the Y  lowest conduction band for the (GaAs)8/(AlAs)8 (311) non-corrugated 

superlattice 
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Figure 5.b: Probability density of the   lowest conduction band for the   (GaAs)8/(AlAs)8 (311) non-

corrugated superlattice 

 

 
Figure 6.a: Probability density of the   highest valence band for the (GaAs)8/(AlAs)8 (311) non-corrugated 

superlattice 
 

 
Figure 6.b: Probability density of the   second highest valence band for   the (GaAs)8/(AlAs)8 (311) non-

corrugated superlattice 
 

 
Figure 6.c: Probability density of the   third highest valence band for  the (GaAs)8/(AlAs)8 (311) non-

corrugated superlattice 
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The lowest electron state at the point Y  is strongly localized in AlAs layers and has maximums at the 

center of these layers. However, the maximum of the probability densities of the lowest conduction state at the 

point   occurs at the center of the GaAs layers. This  state is strongly localized in GaAs layers. 

The three first valence states are localized in GaAs layers, the first and third valence states has an odd 

parity, but the second valence state has an even parity. 

 

4.2.2. Corrugated (311) (GaAs)
16

/(ALAs)
16

 superlattice 

In order to show the effect of the confinement on the electronic wave functions, we have plotted in the 

figures 7.a and 7.b, the probability densities of the two lowest conduction bands for the (GaAs)
16

/(ALAs)
16

 

(311) corrugated superlattice. 

 

Figure 7.a: Probability density of the   lowest conduction band for the (GaAs)16/(AlAs)16 (311) corrugated 

superlattice 

 
Figure 7.b: Probability density of the   second lowest conduction band for the GaAs)16/(AlAs)16 (311) 

corrugated superlattice 
 

Because the diagonalization of the hamiltonien matrix allow to obtain all contributions, we give the 

squared total amplitude of the cation and anion orbitals components. The energy of the lowest electron state is 

1797 meV. This state is strongly confined in AlAs layers and has peaks at the center of these layers. However, 

the maximum of the probability density of the second lowest state occurs at the center of the GaAs layers, and 

this state is strongly confined in GaAs layer.  

The energy of this state is 1901 meV. The effect of the corrugation on the electronic wave functions of 

these two states is well marked and electrons are mainly confined in the one or other layer. In the following, we 

discuss the two highest valence subbands which are presented in figures 8.a and 8.b. At   the two upper 

valence bands are localized in GaAs layers, their energy are -156 meV and -214 meV. The highest energy state 

has predominant heavy-hole character. The confinement is less strong than in the (100) superlattice with the 

same thickness. However, this effect is less pronounced than for (111) grown superlattices. The second energy 

state is light-hole like and its energy is nearly the same as for the other growth directions because of the isotropy 

of the light-hole band.  
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Figure 8.a: Probability density of the   highest valence band for  the (GaAs)16/(AlAs)16 (311) corrugated 

superlattice 

 
Figure 8.b: Probability density of the   second highest valence band for the (GaAs)16/(AlAs)16 (311) 

corrugated superlattice 
 

4.3 Optical anisotropy of the non-corrugated (GaAs)8/(AlAs)8 (311) and corrugated (GaAs)16/(AlAs)16 (311) 

superlattices 

We have calculated the optical properties of the two superlattices: the first one is the 

(GaAs)
16

/(ALAs)
16

 (311) corrugated superlattices, the second is the (GaAs)
8
/(ALAs)

8
 (311) non-corrugated 

superlattices. In figure 9 we show the curves which the parametric equation is given by: 

     cos
3,3,2

II 


 

     sin
1,1,0

II 


 

Where  I  and   are the parameters of theses curves. 

  is the angle between the light polarization orientation and [-2,3,3] direction.  I  is the transition 

interband probabilities when the light is polarized along the direction which has the angle   with the [-2,3,3] 

direction. For the corrugated superlattice the two lowest transition in energy 
cv 21   and 

cv 22   appearing 

in the calculated spectra originate from the upper valence bands which have, respectively, a heavy-hole and 

light-hole dominant character while the finale state is always the second lowest-lying   conduction band. 
 

 
 

Figure 9.a: Parametrical curves which show the transition interband   probabilities in the (311) non-corrugated 

superlattices 
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Figure 9.b: Parametrical curves which show the transition interband probabilities in the (311) corrugated 

superlattices 

 

For the non-corrugated superlattice there are three lowest transitions in energy 
cv 11  , 

cv 12   and 

cv 13   which have, respectively, a heavy-hole, light-hole and split-off dominant character. The energy of 

these transitions for the two kinds of superlattices is given in the Tables 1 and 2 below: 

 

Table 1: Inerband transition energies (in meV) of the non-corrugated superlattice 
Transition 

cv 11   
cv 12   

cv 13   

Energy (meV) 2067 2136 2427 
 

Table 2: Inerband transition energies (in meV) of the corrugated superlattice 

Transition 
cv 21   

cv 22   

Energy (meV) 1953 2011 

 
The anisotropy rate of the two main polarization orientation for a given interband transition is defined 

by: 
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For the non-corrugated superlattice, the anisotropy rate for, respectively, 
cv 11  , 

cv 12   and 

cv 13   transitions are:   -0.096, 0.172 and 0.084. We remark that the anisotropy rate is weak for these three 

interband transitions.  

As regards the corrugated superlattice, the anisotropy rate for, respectively, 
cv 21   and 

cv 22   

interband transitions are: -0.746 and 0.998. In the opposite the anisotropy rate is strong for these two interband 

transitions. 

For the two transitions 
cv 21   and 

cv 11  , which originate from the heavy -hole-like states, the 

transition probability for light polarized along the [-2,3,3] direction is always larger than for the [0,-1,1] one 

(more larger for the transition 
cv 21  ). The opposite situation occurs for the second transitions 

cv 22   and 

cv 12   for which the initial valence state is light-hole-like. 

For the 
cv 13   transition which the initial valence state is split-off-like, the transition probability for 

the light polarized along the [0,-1,1] direction is always larger than for the [-2,3,3] one. 

Our results reveal a decrease in the transition probability for the transitions from the heavy-hole-like 

states when the polarization angle   increases from 0 to 

2

 . However we observe a increase in the transition 

probability with respect to the polarization angle for the transition from the light-hole and split-off-like states. 

The significant result is that, for the non-corrugated and corrugated superlattices, the optical anisotropy 

is reduced when the light polarization pass from the [-2,3,3] direction to [0,-1,1] direction for the transitions 

from the heavy-hole-like states. The opposite situation occurs for the transition from the light-hole and split-off-

like states.  
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V. Conclusions 
In summary, we have studied theoretically the electronic and optical properties of non-corrugated (311) 

(GaAs)8/(AlAs)8 superlattice and corrugated (311) (GaAs)16/(AlAs)16 superlattices, using the empirical tight-

binding model with realistic parameters determined from the bulk bands. Then we have compared the optical 

anisotropy of corrugated and non-corrugated (311) superlattices  

We have also calculated the optical properties for these heterostructures and we have compared their 

optical anisotropy. Thus we have found that, for non-corrugated (311) superlattice, the anisotropy rate is weak 

for the three interband transition 
cv 11  , 

cv 12   and 
cv 13  . 

In the opposite the anisotropy rate is strong 

for the two interband transitions 
cv 21   and 

cv 11  , which originate from the heavy -hole-like states. 

The important result is that, for two types of the studied superlattices, the optical anisotropy is reduced 

when the light polarization pass from the [-2,3,3] direction to [0,-1,1] direction for the transitions from the 

heavy-hole-like states. The opposite situation occurs for the transition from the light-hole and split-off-like 

states. This shown the influence of the large in-plane anisotropy of the valence band states which modifies the 

strengths of the optical transitions and the role of the lateral confinement in determining the optical properties. 
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