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Abstract. The polaron confined in a GaAs film deposited on Al0.3Ga0.7As substrate are investigated 
by using the framework of the fractional-dimensional space approach. The numerical results for the 
polaron binding energy and effective mass as functions of the film thickness for different substrate 
thickness are obtained. It is shown that the polaron binding energy as a function of the film 
thickness for different values of substrate thickness has complicated structure for the narrow and 
medium film thickness. 

Introduction 
The fractional dimensional space approach, to our knowledge, was first applied by He [1,2], to 

study optical properties of anisotropic materials. In this approach the anisotropic interactions in real 
3D space are treated as isotropic ones in an effective fractional-dimensional environment the 
dimension of which constitutes a measure of the degree of anisotropy of the actual physical system. 
The main advantage of this approach lies in the fact that all information about a perturbation can be 
introduced in a single value-the dimensionality. Thus given this simple value, the real system can be 
modeled in a simple analytical way. A simple analytical method has been developed by Mathieu et 
al. [3] to calculate the exciton binding energies in single quantum well structures by using the 
model of fractional dimensional space. This model can also be used to analyze excitonic features in 
semiconductor quantum wells [4,5]. Further, it can be adapted for magnetic-field-induced effects on 
shallow-donor states [6,7], biexciton [8,9], impurity states [10-12] and the Stark shift of excitonic 
complexes [13] in semiconductor heterostructures.  

However, most of previous works have mainly been focused on quantum well structures and 
only a few works deal with film structures [14,15]. In this paper, we extend the fractional 
dimensional space approach to the case of a polaron confined to a GaAs film deposited on the 
Al0.3Ga0.7As substrate structure by using a set of material parameters as discussed by Smondyrev et 
al. [16]. In order to obtain the value of the fractional dimension D, the main task is to determine the 
length of confinement in the film structures; however, the length of confinement defined in previous 
works is not adaptive in film structures. In this paper, we further calculated the polaron binding 
energy and effective mass in film structures based on our previous work [17]. 
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Fig. 1 The fractional dimension as a function of the film thickness for a polaron confined in a GaAs 

film deposited on the Al0.3Ga0.7As substrate for the substrate thickness Lb = 10, 20, 50, 70 Å. 
Fig. 2 The polaron binding energy as a function of the film thickness for a polaron confined in a 

GaAs film deposited on the Al0.3Ga0.7As substrate for the substrate thickness Lb = 10, 20, 50, 70 
Å. 

Numerical results and discussion 
In order to further investigations of the polaron effect in a GaAs film deposited on Al0.3Ga0.7As 

substrate, we calculate the binding energy and the effective mass of the polaron. The 
fractional–dimensional parameter as a function of the film thickness for different substrate thickness 
Lb=10, 20, 50, 70Å is plotted in Fig. 1. It is seen that the fractional-dimensional parameter starts 
from different value for different values of substrate thickness, and increases monotonously with 
increasing the film thickness. As the film thickness increases, the confinement becomes more and 
more weak, leading to an increase in the fractional dimension that has the same value. It is worth 
remarking that the different of the fractional dimension become small for the substrate thickness 
Lb=50, 70Å. 

The polaron binding energy and effective mass as a function of the film thickness corresponding 
to the fraction dimensional parameter results in Fig. 1 is plotted in Fig. 2 and Fig. 3, respectively. 
From Fig. 2 one can see that for the case of different values of the substrate thickness, the polaron 
binding energy decreases monotonously with increasing the film thickness. It is worth remarking 
that, the different values of substrate thickness influence obviously the polaron binding energy for 
the narrow and medium film thickness, but has no significant influence for very large film thickness. 
At the same time, one can see that the polaron binding energy is larger for smaller substrate 
thickness. Notice that this behavior is different from a polaron in sandwich quantum well structure. 
Because in film structure considered in this paper, the electron is restricted to move in the space less 
than (Lw + Lb), while in finite barrier quantum well, the electron can spread into the barriers on both 
sides of the well. By continuing to increase the film thickness, the polaron binding energy of Lb=50 
and 70 Å decreases slowly, and occurs for a larger value than the value of Lb=10 and 20 Å. A 
structure with a shoulder is obtained for the medium film thickness at the values of substrate 
thickness Lb=50 and 70Å, respectively. A simple behavior for the film thickness dependence of the 
fractional-dimensional polaron effective mass is shown in Fig. 3. The different values of the film 
thickness influence obviously the polaron binding energy and mass shift for narrow and medium 
film thicknesses, but has no significant influence for large film thicknesses, too.  
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Fig. 3 The effective mass as a function of the film thickness for a polaron confined in a GaAs film 

deposited on the Al0.3Ga0.7As substrate for the substrate thickness Lb = 10, 20, 50, 70 Å. 

Conclusions 
In conclusion, we have performed a quite detailed study of a polaron in the GaAs film deposited 

on Al0.3Ga0.7As system, within the fractional dimensional approach. In this scheme, the actual 
anisotropic “polaron + film structure” system is modeled by an effective isotropic environment with 
a fractional dimension. Based on our previous work, a film thickness dependence of the polaron 
binding energy and effective mass was obtained for the GaAs film deposited on the Al0.3Ga0.7As 
substrate for different values of substrate thickness. The polaron binding energy and effective mass 
are found to be sensitive for narrow and medium film thickness. The shoulder in the polaron 
binding energy appears as a consequence of the competition between the dimensionality and the 
material parameters. The results obtained in present paper are very useful for further investigating 
the polaron properties and the optical properties in film structure and have significant meanings for 
analyzing experimental results, and for some important optoelectric device designs and 
applications. 
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