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Metals, semiconductors and insulators

One of the major deficiencies of DFT

semi-local functionals!

Energie

Calculated band gap (V)

-0.5 |- S

I |

Energie

Ep

Energie

Ep

z
a

k—

—
oL ap/

15| Si /L SiCe

0,; : ¢ l CdS:

N 4

1 L i
-1-05 0051152253 \\\

Experimental band gap (eV)

k —

Calculated band gap (eV)

z
a

P iznQ '

ool
.

GaN/¢

#

n!
NiO

0 2 4 6 8 1012 14 16 18 20 22
Experimental band gap (eV)



Defects and doping
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Defects in Ing 17Alp 83N

Impurity concentration (cm‘a)

Py et al., Phys. Rev. B 90, 115208 (2014)
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Energy (eV)

Calculated band gap (V)

Addressing the band gap problem
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Structural model for Ing 17Alp g3N
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Formation energy from first principles
Ef[X9) = Eot[X9] — Eco[bulk] = > migsj + q(Ey + pre) + Edye

semilocal hybrid
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A. Alkauskas, P. Broqvist and A. Pasquarello, Phys. Rev. Lett 101, 046405 (2008)



Benchmark: DX center in AIN

Oy formation energies (DX1)
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Formation energy and charge transition levels
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PPC effects

(@) Room temperature
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Conclusion

In forms clusters in Ing 17Alg g3N

The oxygen impurity is more stable within In clusters

Oxygen impurities forms DX centers in Ing 17Alg.g3N

Oxygen impurities give rise to two CTL (4/0 and 0/—) separated by 0.29 eV

@ Oxygen is responsible to PPC effects at low temperature

Out calculations are in good agreement with experimental observation. We can assert
that oxygen is the impurity responsible of PPC effects at low temperature and giving
rise to the two observed CTL.
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