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Abstract Based on the plane-wave ultra-soft pseudo-potential in the first-principles of density functional theory and
by using the generalized gradient approximation and the Heyd-Scuseria-Ernzerhof 03 (HSE03) method to correct the
energy bands and density of states, the crystal structure, the electronic structure and the optical property of AIN, P,
(x=0, 0.25, 0.50, 0.75, 1) alloys are studied. The results show that the lattice constant of AIN,.. P, alloys
increases linearly as the P component increases. AIN, P, (x =0, 0.25, 0.75, 1) alloys are of the cubic system,
while AIN, 5, P, 5, alloy belongs to the tetragonal system. The band gap of AIN, P, alloys firstly decreases and then
increases as the P component increases. AIN and AIP alloys are the indirect band gap semiconductors, while AIN, P,
(x=0.25, 0.50, 0.75) alloys belong to the direct band gap semiconductors. The presence of P destroys the original
eigenvalues and the degenerate states of AIN, and changes the electronic band structures. As the P component
increases, the optical characteristic curves of AIN,.. P, move towards the low energy region, and the subsidiary
strong peaks of the imaginary parts of dielectric functions gradually fade away. AIN,, P, alloys can absorb the
ultraviolet light strongly and the presence of P can broaden the absorption region of visible light.
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Table 1 Lattice constant, cell volume, binding energy and formation enthalpy of AIN,, P,

Lattice constant /(107" m) . Formation
Cell volume / En/
Compound Proposed ] Other o enthalpy /
Experiment ) E o/ % (10 * m*) (kJ/moD)
method calculation (kJ/mol)
AIN 4.395 4,380 4,394 0.34 89.894 —544.10 —562.55
AIN.75Po2s 4.681 — — — 102.569 —439.91 —454.52
AlIN .50 Poso 4.954/4.913 — — — 120.575 —380.10 —392.20
AINy.o5 Po7s 5.209 — — — 141.339 —354.05 —365.89
AlP 5.501 5.4670%] 5.5080% 0.62 166.466 —335.72 —346.72
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Table 2 Comparison between theoretical and experimental band gaps of AIN,., P,

Band gap /eV

Compound Proposed method ) .
— — Experiment Other calculation
GGA GGA-+ HSE03
AIN 3.341 4.422 4,901 3.380
AlNg.75 Po 25 - 0.378 — —
AlNg 50 Po s - 0.069 — —
AlN 25 Py 75 0.558 1.329 — —
AlP 1.599 2.281 2.520% 1.6104
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Fig. 3 Band structures of AIN,,P,. (a) x=0; (b) x=0.25; (¢) x=0.50; (d) x=0.75; (e) x=1
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