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Abstract 

Using the example of  InAs-GaAs system, the potential of double feeding of the melt method for growing 

single crystals of semiconductor solid solutions is shown. The concentration profiles of InAs-GaAs solid 

solutions crystals for certain modes of the considered method are calculated in Pfann approximation. In 

addition, under the same conditions, InAs-GaAs crystals were grown and their concentration profiles 

were determined. The results obtained give good agreement between the experimental and calculated 

data. It is shown that mathematical modeling of InAs-GaAs crystals growth by setting the crystallization 

and melt-feeding rates with constituent components makes it possible to obtain the required distribution 

of the main components in the direction of crystal growth, including uniform distribution, in the entire 

series of continuous InAs-GaAs solid solutions. The double feeding of the melt method is shown to be 

promising for obtaining single crystals of semiconductor solid solutions with a given concentration 

profile.  
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Introduction 

Among semiconductor materials, diamond-like semiconductor compounds of the АIII-BV type, as well as 

solid solutions based on them, are of particular scientific and practical interest in studying their properties. 

One of the solid solutions of this type that deserves special attention are InAs-GaAs crystals. InAs and GaAs 

completely dissolve in each other at any ratio, both in solid and liquid states [1]. This fact makes it possible 

to control the lattice parameters and the band gap by changing the composition of the matrix. The band gaps 

of the constituent components of this system differ by a factor of four (0.355 eV for InAs and 1.42 eV for 

GaAs). This makes it possible to create materials based on these solid solutions with desired properties in a 

wide range. 

The main problem in the technology of growing semiconductor materials is the achievement of single-

crystallinity of the obtained crystals. The most suitable method for achieving this result is the Czochralski 

method. However, the traditional method does not allow one to obtain single crystals of solid solutions of 

binary systems homogeneous in composition, due to the significant segregation of the main components in 

the process of melt crystallization [2]. There are various methods to eliminate the effect of component 

segregation on both the composition of the melt and the growing crystal [2–14]. The most effective among 

them is the modified Czochralski method - the double feeding of the melt method, which allows, by 

selecting the rates of feeding the melt with the main components and the rate of crystallization, to obtain 

homogeneous crystals of solid solutions of various compositions. In particular, this method has been 

successfully applied to grow homogeneous crystals of Ge-Si solid solutions [8]. 

Materials and Methods  

On Figure 1 presents a conceptual scheme for growing single crystals of solid solutions by double feeding of 

the melt method [8]. From the moment of growth of a single crystal from an InAs-GaAs melt, rods of 

indium arsenide and gallium arsenide are introduced into it. During the entire cycle of growing a single 
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crystal, the rates of crystallization and feeding of the melt with indium arsenide and gallium arsenide are 

maintained constant.  

 

Figure 1: Conceptual diagram of growing crystals of solid solutions by double feeding of the melt method 

with constituent components. 1 – growing InAs-GaAs crystal, 2 and 3 – feeding rods of InAs and GaAs, 

respectively. Vf1 and Vf2 are the rod insertion rates, Vc is the pulling rate of the InAs-GaAs crystal. 

Results and Discussion 

Mathematical modeling of the concentration profile 

In this work, a mathematical calculation of the necessary technological parameters for the growth of single 

crystals of solid solutions of a given composition by double feeding of the melt method as applied to the 

InAs-GaAs system is carried out. The goal is to establish optimal conditions for growing single crystals of 

InAs-GaAs solid solutions with a given concentration profile. 

The problem of distributing the concentration of the second component along the crystal axis was solved in 

the Pfann approximation: there is no evaporation of components in the melt; the crystallization front is flat; 

the diffusion of In and Ga atoms in the growing crystal is negligibly small; the diffusion rates of atoms of 

the constituent components in the melt are quite high and ensure the uniformity of its composition 

throughout volume; at the crystallization front there is an equilibrium between the solid and liquid phases, 

determined by the phase diagram [2-4]. Taking GaAs as the second component, we introduce the following 

designations:   
  and Vm are the volumes of the melt in the crucible at the initial and current moments, Vc  is 

the volume of the crystallizing melt per unit time, V1 and V2 are the volumes of feeding InAs and GaAs 

ingots introduced into melt per unit time, C2m and С2с are the concentrations of atoms of the second 

component in the melt and crystal, respectively, С is the total amount of the second component in the melt, 

K=C2c/C2m is the equilibrium segregation coefficient of the second component. Using the above notation, we 

can write the following: 

 

    
 

  
          and     

    

  
 

  ̇     ̇  

  
  

 ̇  ̇    

  
       (1) 

 

By the condition of the problem, Vc, V1 and V2 do not depend on time and in this case have place the 

following equations: 
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                    ̇                        (2) 

Substituting (2) in (1) and solving the latter, we have: 
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 ]           (3) 

  

 Here    = V2/Vc , = V1/Vc , = Vct/  
 . 

 

The growth of homogeneous single crystals of solid solutions will take place at a constant melt composition 

with time, i.e. at dC2m/dt=0. Then from (1) and (2) we obtain the required values of the initial compositions 

of the melt for the corresponding values of and and vice versa, at which completely homogeneous 

crystals grow.  

   
  

 

       
                   (4) 

 

In this case, for the concentration of the second component in a growing crystal, we have: 

   
  

  

       
                    (5) 

 

An analysis of this equation shows that the growth of homogeneous crystals can be ensured both at K>1 and 

at K<1. According to (5), the calculation of    
  and    

  dependences on α and β requires knowledge of K 

in the entire range of component concentrations, which can be determined from the phase diagram of the 

system. Having set a specific value of α + β, for the required composition of the crystal we determine the 

corresponding value of K from the phase diagram of the InAs-GaAs system. Then, using equation (5), we 

find α and β. The values of α and β calculated in this way for various given values of    
  in the range 

0<x<1 determine the dependence of the equilibrium concentration of the crystal on α and β. On the Figure 2 

shows these graphs, using the example of three different values of α + β.  
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Figure 2: Dependence of the composition (   
 ) of a homogeneous InAs-GaAs crystal on α (GaAs is the 

second component with K>1) grown by the double feeding of the melt method. 1) α +β =1; 2) α +β =2; 

3) α +β =0.5 

Here, in the calculations, GaAs with K>1 is taken as the second component. Obviously, similar graphs can 

be constructed for the case when the second component is InAs with K<1. Graphs on Figure 2 determine the 

starting composition of melt and the ratio of the rates of feeding and crystallization of the melt to grow 

homogeneous InAs-GaAs crystals with a given composition. As can be seen, by changing α , β and α + β, it 

is possible to obtain homogeneous crystals of solid solutions in various modes in the entire range of InAs 

and GaAs concentrations. 

On Figure 3 shows the dependences of    
  on α obtained from formula (5) at various values of β 

 

 
 

Figure 3: Dependence of    
  on α for InAs-GaAs crystals grown by double feeding of the melt method.       

1- 2-3-4 -5-6-7- 

On Figure 4 shows the calculated dependences of the second component concentration in atomic percent, on 

  in InAs-GaAs crystals grown by double feeding of the melt method in three different modes. The initial  

 

 

Figure 4: Graphs of the concentration of the second component in atomic percent, from    in InAs-GaAs 

crystals grown by double feeding of the melt method under three different modes. The initial composition of 

the melt in all cases is InAs0.8-GaAs0.2. Lines - calculated data: 1 and 3 correspond to the modes at = 0.3, 
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 = 0.1and = 0.1,  = 0.3; 2 corresponds to the uniform growth of InAs0.8-GaAs0.2 crystals. Circles are 

experimental data. 

  

composition of the melt is the same in all cases and corresponds to InAs0.8-GaAs0.2. Lines 1 and 3 are 

calculated by formula (3) and correspond to the modes at = 0.3, = 0.1 and = 0.1, = 0.3, respectively. In 

the first mode, there is an increase, and in the third, a decrease in concentrations to values that satisfy 

equation (5) with the corresponding  and . In the future, a completely homogeneous crystal grows. Line 2 

corresponds to the uniform growth of InAs0.8 -GaAs0.2 crystals at values of and  satisfying expression (5) 

for the growth of InAs-GaAs solid solution crystals with 20% gallium arsenide content. 

In the modes used by us in mathematical calculations (Fig. 4(1,3)), InAs-GaAs crystals were grown by 

double feeding of the melt method. A homogeneous InAs0.8-GaAs0.2 crystal (Fig. 4(2)) was grown at =0.2 

and . The obtained ingots were cut in the axial direction into pieces 1 mm wide, the specific gravity of 

which was used to determine the concentration profiles of the grown crystals. In Figure 4, these data are 

shown in circles. As we can see, the experimental results show good agreement with the theoretical 

calculations.  

Conclusions 

Our studies show that the mathematical modeling of the concentration profiles of the main components in 

crystals of solid solutions grown by double feeding of the melt method works well not only for Ge-Si 

crystals, but also for the InAs-GaAs system. This allows us to assume that these calculations can also be 

successfully applied to all crystals of solid solutions based on AIII-BV diamond-like compounds.  

A significant disadvantage of the method of double feeding of the melt with constituent components is the 

need for prefabrication of macrohomogeneous InAs and GaAs polycrystalline rods often InAs-GaAs 

polycrystalline rods of different composition, which, as noted in the literature [8], is a rather complex 

technological problem. In addition, during the manufacturing process of feed rods, uncontrolled impurities 

are inevitably introduced into them, polluting the material.  

In the case of double feeding of the melt with the rods of the constituent components, the homogeneity of 

the composition of the material introduced into the melt is fully guaranteed. The composition of the growing 

homogeneous single crystal is then controlled by a simple change in the rate of pulling the crystal out of the 

melt and the rates of introduction of the feed rods into the melt.  

Based on the foregoing, the following conclusion can be drawn. The method of continuous double feeding 

of the melt with rods of constituent components, at appropriate values of the rate of crystallization and the 

rates of feeding of the melt with constituent components, provides the growth of single crystals of solid 

solutions uniform over the entire length in the entire continuous series of compositions, which indicates the 

prospects for using this method to grow single crystals of solid solutions. 
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