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Exercise 4 
 

1) Let’s take the 3rd row of the matrix formalism relationship:  
 

 
 
 

𝜎𝜎𝑧𝑧𝑧𝑧 = 𝐶𝐶13 𝜀𝜀𝑥𝑥𝑥𝑥 + 𝐶𝐶13 𝜀𝜀𝑦𝑦𝑦𝑦 + 𝐶𝐶33 𝜀𝜀𝑧𝑧𝑧𝑧 
 
In an epilayer oriented on the 𝑥𝑥𝑥𝑥 plane we can say that: 
a. 𝜀𝜀𝑥𝑥𝑥𝑥 and 𝜀𝜀𝑦𝑦𝑦𝑦 are equal due to symmetry reasons. 
b. 𝜎𝜎𝑧𝑧𝑧𝑧 = 0 because the top surface is free, so no stress is applied on the epilayer in the 𝑧𝑧 

direction 
 

Therefore, by reverting the formula we get 𝜀𝜀𝑧𝑧𝑧𝑧 = −2 𝐶𝐶13
𝐶𝐶33

𝜀𝜀𝑥𝑥𝑥𝑥 
 

2) See Jupyter notebook for the code. You should get a graph like this: 
 

 
 
Comments:  
a) For GaN, we see that for 𝜀𝜀∥ > 0 (in-plane tensile strain), the bandgap is expected to 

decrease, compared to the relaxed case 𝜀𝜀∥ = 0 



b) On the contrary, using the given parameters, we get an opposite trend for InN: the 
bandgap is expected to increase with increasing in-plane strain 

c) The bandgap of relaxed In0.15Ga0.85N can be obtained from Vegard’s law: 
 

𝐸𝐸𝑔𝑔,(InxGa1−xN) = 𝑥𝑥 𝐸𝐸𝑔𝑔,InN + (1 − 𝑥𝑥)𝐸𝐸𝑔𝑔,GaN − 𝑏𝑏 ⋅ 𝑥𝑥 ⋅ (1 − 𝑥𝑥)  
 
Where 𝑥𝑥 = 0.15 and 𝑏𝑏 = 2.9 eV.  You should get 𝐸𝐸𝑔𝑔,(In0.15Ga0.85N) = 2.63 eV 
 

d) To find the evolution of 𝐸𝐸𝑔𝑔,(In0.15Ga0.85N) with strain, we can use the same approach as for 
GaN and InN. From the table, we only have the deformation potential and elasticity 
coefficients for GaN and InN. However, we can use a linear interpolation to find the 
approximated values for InxGa(1-x)N for any given alloy concentration. For example:  
 

𝐷𝐷3,(In0.15Ga0.85N) = 0.15 ⋅ 𝐷𝐷3,InN + 0.85 ⋅ 𝐷𝐷3,GaN, 
 

and so on, for the other parameters. 
 
From the plot, we can observe that the graph is fairly flat, meaning that for In0.15Ga0.85N 
the opposite contributions of GaN and InN almost cancel each other, causing negligible 
variations of the bangap with strain. 
 
As an extra exercise, we also can calculate the alloy concentration for which we have 
almost zero derivative of bandgap with respect to strain, which is expected to be around 
𝑥𝑥 = 0.13  (see Jupyter notebook). 
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