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Exercise 4

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

((0aa Cyy Ciz Cis 0 0 0 (ew
Tyy Cig Cs3 Cig 0 0 0 Eyy
0| |[Cizs Ci3 Cs3 0 0 0 €z
Oyz B 0 0 0 Cu 0 0 Eyz
O 0 0 0 0 044 0 Exr
Gy ) 0 0 0 0 0 Cu)\ey

Oz = Ci3&xx + Ci3 &y + (33 &5,
In an epilayer oriented on the xy plane we can say that:
a. &xx and gy, are equal due to symmetry reasons.

b. 0,, = 0 because the top surface is free, so no stress is applied on the epilayer in the z
direction

Therefore, by reverting the formula we get ¢,, = —2 Ta3Exx
2) See Jupyter notebook for the code. You should get a graph like this:

Strain dependence of the bandgap

3.5
3.0 1
s 0 N SN U SRy E A VR S RV S
— GaN
InN

=== Ino.15GaggsN
-------- E4(Ing15GapgsN) relaxed = 2.63 eV

Bandgap Eg (eV)
M
o

1.5
1.0-
0.5
—0.100 —0.075 —-0.050 —0.025 0.000 0.025 0.050 0.075 0.100
In-plane strain g||
Comments:

a) For GaN, we see that for g > 0 (in-plane tensile strain), the bandgap is expected to
decrease, compared to the relaxed case &y = 0



b)

c)

d)

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
The bandgap of relaxed Ing.1sGag.ssN can be obtained from Vegard’s law:

Eg,(InXGal_XN) =X Eg,InN + (1 - x)Eg,GaN —b-x- (1 - x)
Where x = 0.15and b = 2.9 eV. You should get E; (1n,,.Ga,4sN) = 2-63 €V

To find the evolution of E; (1, Ga, zsN) 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 InyGa;«N for any given alloy concentration. For example:

D3 (1ng ,sGaggsN) = 0-15+ D3ppn + 0.85 - D3 gan,

and so on, for the other parameters.

From the plot, we can observe that the graph is fairly flat, meaning that for Ing 15Gag gsN
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
x = 0.13 (see Jupyter notebook).
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