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Abstract: We study the quantum confined Stark effect in a rectangular AlGaAs/GaAs quantum well. The energies of the bound electronic 
states, the transition energies and their Stark shifts are calculated. Numerical calculations are performed within the framework of a semi-
empirical sp3s* tight-binding method, the virtual crystal approximation and the surface Green function matching method. In the literature 
there are several sets of tight-binding parameters, which can be used in the description of a solid. This paper reports the results of a 
calculation performed for the two sets of tight-binding parameters. A comparison between the results, for the two sets of parameters, is made 
and a critical discussion is presented. 
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1. Introduction 
The present work is motivated by the tremendous interest in the 

low-dimensional semiconductor nanostructures. Some of the 
references include [1-3]. Today, devices based on one-dimensional 
semiconductor nanostructures (superlattices and quantum wells) are 
commonly employed in electronic and optoelectronic devices, and 
have already entered the marketplace. Some examples for electronic 
devices based on quantum wells (QWs) are the high electron 
mobility transistor (HEMT) and long-wavelength lasers for modern 
telecommunications. On the other hand, physical phenomena 
related to low-dimensional semiconductor nanostructures, such as 
confinement of electrons in zero, one or two dimensions, are of 
great interest and have contributed to the definition of new concepts 
in modern solid-state physics. Semiconductor heterostructures and 
particularly, double heterostructures, including superlattices, QWs, 
wires, and dots, are today the subject of research of two-thirds of 
the semiconductor physics community [1].  

The theoretical description of semiconductor nanostructures [2-
5] is of crucial importance since it allows us both to investigate 
fundamental physics and to optimize nanostructure-based devices. 
Very few problems in quantum mechanics can be solved 
analytically, namely exactly solved. For many situations we must 
resort to approximate techniques. Because of that atomistic 
approaches become necessary for modeling structural, electronic 
and optical properties of such nanostructures and nanostructured 
devices. The purpose of this study is to report in brief on one of the 
microscopic theories to describe some of these semiconductor 
nanostructures – double heterostructures: QWs. We shall consider 
in some details only the empirical tight-binding (ETB) method and 
its application to numerical calculation of some electronic states, 
namely rectangular QWs of the system AlGaAs in the presence of a 
constant electric field. The capability of theoretical techniques to 
predict or investigate physical phenomena concerning 
nanostructures is essentially related to the possibility of applying 
these techniques to treat the nanostructures which are usually 
composed by a large number of atoms.  

Many semiconductor devices, including based on quantum 
wells and superlattices, work with an applied external electric field. 
When applying a constant external electric field perpendicular to 
the layers of a quantum well, manifests an effect substantially 
unique to the QWs [3]. This effect is known as the quantum-
confined Stark effect (QCSE) and allows the manufacture of many 
different devices including optical modulators, various optical logic 
devices and others [1,3,6,7]. 

In applying the electric field, energy levels in QW shifted 
from their positions that they have with no applied electric field. 
This displacement is known as the quantum Stark shit. In other 

words, the Stark shift comprises in reduction (which may be very 
large) of the energy of an optical transition in the QW, with an 
applied electric field.  

2. Model and Method 
In this work we present the results of a numerical calculation of 

a single rectangular quantum well of the type AlxGa1-xAs/GaAs / 
AlxGa1-xAs, with rectangular concentration profile (RQW) and with 
applying a constant electric field perpendicular to the interfaces 
[001]. RQW is with a width of 44 monolayers. As a monolayer is 
equal to 2.825 x 10-10m. The concentration x of Al in AlxGa1-xAs 
barriers is constant and equals 0.36. I.e. barriers are semi-infinite 
and with a composition Al0.36Ga0.64As. The concentration x of Al in 
the well region is x = 0. 

We use the sp3s* spin-dependent semi-empirical tight-binding 
model as it is described in [5,6]. The virtual crystal approximation is 
used for the description of the TB parameters TB(x) of the alloy 
AlxGa1-xAs. For numerical calculations we have used the algorithm 
described in [8], which is then applied in [6,7] for detailed 
calculations of QWs with different concentration profiles. This 
algorithm makes it possible to apply the surface Green function 
matching method (SGFM) [8] for the calculating of the Green 
function of the infinite system containing the finite inhomogeneous 
slab. We describe the presence of an external constant electric field 
F, which is perpendicular to the interfaces, by a linear displacement 
of the diagonal terms of the matrix of empirical TB Hamiltonian. 
The electric field is applied parallel to the growth axis [001]. We 
apply the electric field between the first and last monolayer of the 
QW in the direction of crystal growth. In areas of the QW barriers 
electric field is zero F = 0. 

In the literature there are a number of different sets of TB 
parameters for AlAs and GaAs. Some of them are selected in order 
to obtain the best match with the energies of the bands at the points 
Γ and X [9,10], and other - in order to obtain a match with the 
measured effective masses of electrons and holes [11]. In the 
literature, unfortunately, there is no complete comparative study of 
these sets of parameters for calculations of QWs. For example, in 
the work [6] it is concluded that the use of different sets of 
parameters for the triangular QW does no include significant 
qualitative differences. Most of the authors conclude that research 
qualitative trends are not affected by the particular set of 
parameters. The parameters of Vogl et al. [10] and modified so as to 
include the spin-orbital interaction [9], are the most widely used in 
the literature and their suitability for a wide range of tasks is well 
known.  
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Table 1. Two sets of TB parameters for AlAs and GaAs. 

 

 

 

 

Notations 

for TB parameters 

and effective masses 

 

Parameters, values are in eV 

  

 

[9,10]– First TB set 

 

 

[11] – Second TB set 

 

Materials 

 

GaAs 

 

AlAs 

 

GaAs 

 

AlAs 

Sc -2.6569 -1.1650 -2.7788 -1.1786 

Pc 
3.5523 3.5400 3.5547 3.4939 

S*c 6.6235 6.7270 6.6247 6.6339 

Sa -8.3431 -7.5250 -8.4570 -7.6201 

Pa 0.9252 0.9400 0.9275 0.8905 

S*c 7.4249 7.4830 8.4775 7.3905 

Ss -6.4513 -6.6640 -6.4513 -6.6642 

Vxx 1.9546 1.9320 1.9546 1.8780 

Vxy 5.0178 4.2440 4.7700 3.8600 

Vscpa 5.7413 5.4760 7.8500 6.3000 

Vsapc 4.4607 5.1040 4.4800 5.1106 

Vs*cpa 4.6473 4.9960 7.0000 7.2000 

Vs*apc 4.3083 4.4920 4.8422 4.5216 

λc 0.0553 0.0080 0.0580 0.0080 

λa 0.1338 0.1338 0.1300 0.1167 

Me [12] 0.130 0.308 0.067 0.222 

Mhh [12] -0.402 -0.608 -0.454 -0.750 

Mlh [12] -0.123 -0.208 -0.070 -0.150 

Mso [12] -0.221 -0.335 -0.144 -0.267 

 

For the calculations in this work we use two sets of 
parameters. They are given in Table 1. There are also cited the 
values of the effective masses, obtained by the formulas of 
Boykin et al. [12]. Two sets of parameters for AlAs and GaAs are 
in the nearest- neighbor sp3s* TB model; values are in eV. Four 
rows at the bottom of the Table 1. show the effective masses, 
derived from these parameters [12], in direction [001]. 

3. Results 

Figure 1. and Figure 2. presented the results (for GaAs RWQ 
under study) obtained for the energies of the main bound, 
respectively, electron and hole state energies; without and with 
application of a constant electric field; and respectively, for the 
two sets of TB parameters. Results on Fig. 1. are for the first set 
of parameters [9,10]. Results on Fig. 2. are for the second set of  

 

TB parameters [11]. EC1 and EC2 are the energies of the 
conduction band bound states; EHH1, ELH1 and EHH2 are the 
energies of the valence band bound states.  

Comparing the results for the energies, obtained by the two 
sets of parameters (see Table 1., Fig. 1., Fig. 2.), we see that: the 
behavior of the energies under the application of an electric field 
is qualitatively the same. Energy value increases or decreases by 
increasing or by reducing the applied electric field. Also, it is 
seen that the values of the calculated energies are quantitatively 
different. 

4. Final Remarks and Future Work 
We conduct realistic numerical TB calculations, with two 

sets of TB parameters, of the main electron bound states, hole 
bound states without and with applying a various values of the  
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Fig. 1. Main calculated bound electron energies as a 
function of applied electric field. C1 is the ground and C2 is the 
first exited electron state. Results, represented by full squares 
and full circles, are calculated values with the first TB parameter 
set. Respectively empty squares and circles – with second TB set. 
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Fig. 2. Main calculated bound hole energies as a function of 
applied electric field. HHN – heavy holes; LHN – light holes; 
N=1 – ground states; N=2 – first exited states. Full squares, full 
circles and full triangles are calculated energy values with the 
first TB parameter set. Respectively empty squares, circles and 
triangles – calculated with the second TB parameter set. 

 
constant longitudinal electric field F for a RQW with 44 
monolayer width.  We can say that the results from the TB 
calculations, such in this work, help to study the physics of the 
TB calculating of nanostructures in the presence of applied 
electric field intensities. Such investigations that make possible 
to study in details the Stark shifts of the electronic and hole 
states, the subband spectra and intersubband transitions of 
electrons, are very promising in looking for quantum well 
structures that provides good Stark effect characteristics for 
potential device applications. Such investigation will help us to 
find a QW potential profile with better Stark effect 
characteristics. The investigation of the electric field effects on 
the spatial distributions of the bound states for different sets of 
TB parameters is in progress. We do not expect that the results 

would affect the overall picture, but it is possible to influence on 
the numerical data. The TB parameters are essential in the ETB 
calculations, and thus for the optimization  of TB methods. All 
this will facilitate the ETB optimization of QW-based devices. 
The work is in progress in this direction. 
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