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ABSTRACT:   Thermal expansion of Al0.3Ga0.7As is studied by Molecular Dynamics simulation(MDS) and 
experimentally also studied here using Fizeau’s method to compare the results of simulation method Tersoff’ s 
potential is used for the simulation for this alloy. Good agreement between the two is reported here. The results are 
discussed in comparison to the host GaAs. 
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I. INTRODUCTION 
 
Aluminium Gallium arsenide is a technologically important material with variety of applications. For example 
Al0.3Ga0.7As/GaAs hetero structure is a promising material for high speed transistors and optoelectronic devices. New 
devices like modulated doped FET, heterojunction bipolar transistors, hot electron transistors, resonant tunneling 
transistors, quantum well lasers and other photonic and quantum devices have been developed recently using this 
heterostructure system. Efficiency and performance of such devices may depend on the defect level present in the 
material and how likely those defects are to be mobile under device operating conditions. During cooling  down in the 
epitaxial growth, a difference in the thermal expansion can produce a drive force which moves the defects in the 
heterostructure. Experiments and theory on GaxAl1-xAs: Si show that at x = 0.22 there exists DX centers and the site 
symmetry also goes to C3V /1 /. So works on this alloy for x > 0.22 are extensively carried out, eventhough persistent 
photoconductivity (PPC) exists when x < 0.22. 
 
 In many of the device applications, other than the PPC, x > 0.22 is useful. But when such systems AlxGaxAs is 
synthesized, annealing and quenching in the growth, demands a detailed study on the thermal expansion of this alloy. 
The thermal expansion coefficient ( th ) for AlxGa(1-x)As has been measured by Leszczynski/2/ ( for x=0.30 and 

x=0.71; T ~750 K). By using least square method, Takahashi /3/ has obtained the linear relationship between th  and  
x  for AlxGa1-xAs  to be  
                       )76.197.5()( xxth   X 610   K-1  
Studies on the expansion coefficient of AlxGa1-xAs/GaAs multilayer structure by Bakmisiuk et al /4/are also available. 
As there is no study on Al.3Ga0.7As by simulation for thermal expansion we have here studied the same by Molecular 
dynamics simulation. Also we measured the same for the sample by experimental method. 
 
 

II. MD SIMULATION FOR THERMAL CONDUCTIVITY OF   Al0.3Ga0.7AS 
 
Molecular dynamics simulation (MDS)  has been chosen as there is a deliberate time dependence with heat flow. 
Recently Kurobori et al /5/ have carried of molecular dynamics simulation for the study of thermal expansion 
coefficient of BaFX (X= Cl, Br ) crystals by studying the temperature dependence of lattice parameters (a and c) by 
constructing a simulation cell of 750 atoms. Similarly they have investigated the other thermal properties by this 
method / 6/. In all these investigations Born-Mayer potential is used for the simulation. Even though the validity of the 
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simulation is verified there by working the melting point, there is considerable deviation between the measured and 
simulated results of thernmal expansion for AlGaAs with Tersoff’s potential as the basis. Also this is a different 
approach compared to Kurobori et al /5/. In the present work, simulation cell of dimension 3  x 3 x 3 having  four atoms 
of Ga and As in every cell is constructed. 216 particles are arranged in the zinc blende type lattice and the positions of 
these atoms are first fixed with the zinc blende basis and the boundary conditions. Then  30% of Ga atoms are replaced 
by Al atoms in the Al0.3Ga0.7As alloy. The three body potential, Tersoff’s potential is considered for the interaction 
between the atoms. Tersoff’s potential has been successfully used to implement the simulation on the semiconducting 
systems Si and GaAs /7,8 /Similarly Murugan et al /9 / have used this potential to study self and impurity diffusion in 
GaAs and Jalal /10/ to workout the thermal conductivity in GaAs by MDS. We calculated the Tersoff’s potential 
parameters for Al0.3Ga0.7As alloy using the parameters of GaAs /10/ and are given in Table-2. Here microcanonical 
ensembles (particles) are considered where all quantities like total energy, volume and number of particles in the 
ensembles are kept constant. No heat transfer between the cells is allowed. Using the initial positions of the atoms in 
Al0.3Ga0.7As, possessing zinc blende structure, the  cohesive energy at temperature 0K is computed using Tersoff’s 
potential  /11/ as, 

       



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ij
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i VEE
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1                                 (1) 

where  sV   represents the Tersoff’s potential and is given as     
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Rf  and Af are the repulsive and attractive potential functions 1  and 2  are the parameters of attractive and the 

repulsive potential function, ija  and ijb  are the weight factors for the repulsive and attractive parts. Cf  is the cutoff  
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nc,,,, 3   and  h  are the parameters to arrive at the complete potential. Thus the construction of the Tersoff’ s 
potential needs the estimation of 13 parameters and they are now computed  for the system,  Al0.3Ga0.7As  as given in 
Table-1. 
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Table 1  The parameters of the Tersoff’ s  potential for  Al0.3Ga0.7As 
 

Parameter A(eV) B ( eV) 1 (Å-1 

) 
2  (Å-

1 ) 
3 (Å-1 

) 
n h  c d R (Å) D (Å) α(Å) 

 
 

3017.71  373.105  2.383   1.452   0.000   7.495 
 

0.615 0.428 
 

1.455 
 

0.937 4.2  0.118   0.12   
 

 
Now the force acting on any atom due to other atoms is obtained from the gradient of the potential function. The 

two body ( r ) and the three body interaction term (θ) are separately considered for the computation of the force on all 
the atoms at  t = 0. Considering the reduced mass of Al0.3Ga0.7As  the maximum velocity of the particle vmax  is 
computed using 

  
m
Tkvvv Bzyx

2maxmaxmax   at  temperature T          (3) 

Now, between - maxv  and  + maxv  the velocity of other atoms are assumed to be distributed uniformly.  In an one 
dimensional case, let vxi be the velocity of  ith atom in the x direction and the actual temperature is  TA. The temperature 
of the system is obtained from velocities as  

                              xixii
B

vvm
Nk

T .3
2                          (4) 

That is the velocities are properly averaged in order to take care of the calculation of the velocity of atoms from the 

previously calculated values during iterative procedure. New velocities are calculated using 
A

xi
new
xi T

Tvv  . Here Verlet 

algorithm is chosen for the computation of the new time dependent displacement , )( ttr  , velocity  )( ttv   and 
acceleration )( tta   form the previous known values of  )(),(),( tatvtr . The Verlet algorithm is briefly 
mentioned here. 
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where r(t) and a(t) are position and acceleration of the particle at time t.  
 
 The system may not be conserved for energy and linear angular momenta when simulation is tried for some 
specific trials. Hence it  is essential to wait till the system reaches equilibrium. This is called  energy equilibration and 
in our simulation a minimum of 20,000 trials are required to reach that. Fig:1  give the equilibration of  kinetic (KE), 
potential (PE) and total energy (TE) of the system separately when the simulation is done for 30000 trials. Now, 
20001st trial will be considered as t = 0. 
 

0 5000 10000 15000 20000
Number of trials

-6.00

-4.00

-2.00

0.00

2.00

En
er

gy
 in

 e
V

KE

PE

TE

 
Fig-1: Energy  equilibration by MDS 
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III. FIZEAU’S EXPERIMENT 
 

Fizeau’s method is followed here for the measurement of thermal expansion in this Al0.3Ga0.7As to compare the results 
with that of by MDS. The linear expansivity of the crystal is the increase in length  for unit  rise of  temperature. By 
Fizeau’s experiment technique the linear  expansivity  of  Al0.3Ga0.7As sample  is  measured , using the formula  
            




2
Lh 

                                        (6) 

where ‘ h ’ is the height of  air wedge or the sample, here  a dimension of (10 mm X 6 mm) with about 700 microns  
thickness of Al0.3Ga0.7As  has been used. ‘ ’ is the fringe width, ‘ ’   be the wavelength of the source of  light. 
 

IV. RESULTS AND DISCUSSION 
 
Molecular dynamic simulation is a convenient tool to measure the high temperature activities as anharmonic 
interactions between atoms are properly considered whereas the conventional lattice dynamical calculations will be 
complex for the same. MDS  is  used  here to calculate the thermal expansion coefficient, th  by studying the 
equilibration cohesive energy of  the system since thermal properties of Al0.3Ga0.7As like thermal diffusivity and 
thermal conductivity were already measured by photoacoustic technique and molecular dynamics simulation  /12 / and 
showed a very good agreement with the literature values. Tersoff’s potential is used to calculate the cohesive energy. 
When the temperature varies, the lattice constant will vary due to thermal expansion. But for any particular 
temperature, when the system is in equilibrium, the cohesive energy of the system will be minimum i.e at a particular 
temperature, the lattice constant is varied slowly and every time the simulation program is run to find the cohesive 
energy. As a typical example, a graph is given (Figure-2) for two specific temperatures, 300K  and 400K. Like this for 
different temperatures, the program is run. For each temperatue , the lattice constant corresponding to the minimum of 
Cohesive energy is noted. With these data, a graph is drawn ( Figure-3) for the variation of the lattice constant with 
temperature.  
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              Fig-2   Variation of cohesive energy      Fig-3   Variation of lattice parameter with with lattice 

parameter                                                  temperature 
     
It is found that there is increase in the lattice parameter with respect to temperature. Figure -(3) shows the expansion of 
the system. Using the equation  
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 the thermal expansion coefficient  is then calculated. The results, (Table-2)   of MDS agree well with the literature 
value and also by Fizeau’s experiment. 
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Table-(2)   :  Thermal expansion coefficient of Al0.3Ga0.7As at room temperature 

S.No.       Method 
Thermal expansion coefficient  
          th   x10-6   K-1 

1 Simulation by MDS 5.310 
2 Fizeau’s experiment           5.432     /4/ 
3 Literature/13/ 5.442 
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