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Fig. 1. Electron localization function of GaN (a) wurtzite structure (110) and (b) rocksalt structure (100) crystal planes.
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# 1  GaN [ Morse #SH5A A FNN Born-Mayer 54
Table 1.  The Morse potential parameters and fitted Born-Mayer potential parameters of GaN.
JEFXT I e sl D/eV bl R/A AleV n/A 7Z=\z|=|Z} Tt/ A
Ga-N Morse?!] 4.5517 6.4764 1.6931
Ga-Ga Born-Mayer 227.0715 0.4614 0.63 e 10
N-N Born-Mayer 531.5281 0.5157
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Table 2.  The lattice constants, elastic constants

Cy, bulk modulus B and lattice energy E of GaN

with wurtzite and rocksalt structures at zero pres-

sure.

LR S5 HEREEH
DFT LD Ref. DFT LD Ref
a/A 3.225 3.204 3.18812 4.278 4.233 4.278
c/A 5.253 5.102 5.18321 —
Ci1/GPa  326.8 400.3 360.780 323.4 2928 —
Ci/GPa  114.7 164.6 115489 203.7 2679 —
Cy/GPa 889 1189 100.1B% 159.4 267.9 —
Ci3/GPa 821 136.4 103.78% — —
Cy3/GPa 362.4 384.4 393.880 — —
B/GPa  174.9 228.6 210.0BU 214.1 276.2 248.08
E/(eV/fu) 218 —4.35 2178 -1.23 -3.41 -1.368
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Fig. 2. The volume ratios of GaN with wurtzite and rock-
salt structures at 300 K are compared with existing results,
all data are normalized to the initial volume of the wurtzite
GaN, the red and black dots are the molecular dynamics
simulations results (solid line is the fitted curve). The green
diamond and blue square triangle are the X-ray diffraction
experimental results by Ueno et al.l') and Xia et al.Bl, re-
spectively. The magenta dashed line is the ab initio result
by Pandey et al.l?s],
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Fig. 3. GaN system in the two-phase coexistence state.
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Fig. 4. Atomic number density along the zdirection of the

GaN system in the two-phase coexistence state.
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Fig. 5. Mean square displacement of the Ga and N atoms
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the inset is a general view.
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Fig. 6. GaN in superionic state at 10 GPa and 4000 K (a)
original configuration, (b) Ga and (¢) N atomic sublattices.
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Fig. 7. Comparison between existing results on the melting

temperature of GaN wurtzite structures and the results cal-
culated in this paper.
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Fig. 8. Relative enthalpies of GaN with wurtzite, zincbl-
ende, and rocksalt structures are calculated by first-prin-
ciples calculations, and the interpolation shows the en-
larged relative enthalpies intersection.
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Fig. 9. Comparison of the existing solid-solid phase bound-
ary results of GaN with wurtzite and rocksalt structures
with the results calculated in this paper.
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Fig. 10. P-T phase diagram of GaN in the pressure range of
0-80 GPa, WZ and RS are used to denote the wurtzite and
rocksalt structures of GaN in the diagram. All points are
molecular dynamics simulations values in the diagram, the
black and red lines are the fitted curves of melting temper-
ature of the GaN with wurtzite and rocksalt structures. The
navy blue and purple lines are the fitted curves of phase
transition boundary of wurtzite superionic and rocksalt su-
perionic for GaN. The blue, green and orange dotted lines
are the phase transition boundary of GaN with wurtzite
phase superionic-rocksalt phase superionic, wurtzite phase
superionic-rocksalt solid and wurtzite solid-rocksalt solid,

respectively.
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Table 3. Location of three-phase coexistence points in
GaN P-T phase diagram.
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Abstract

The II-V compound semiconductor, GaN, has become an excellent semiconductor material for developing
the high-frequency and high-power electronic devices because of its excellent characteristics, including large
band width, high thermal conductivity and fast electron saturation rate, and has received extensive attention in
recent years. However, the decomposition temperature of GaN is lower than the melting temperature, some of
its fundamental properties, such as melting temperature and high temperature phase transition pressure, are
still unclear, and so, now the investigation of fundamental properties dominates the whole process of this
material from development to mature applications. In the present work, the classical molecular dynamics
simulations combined with the first-principles calculations and lattice dynamics methods are adopted to predict
the phase diagrams of GaN with wurtzite and rocksalt structures in a pressure range of 0-80 GPa. The phase
transition pressures, 44.3 GPa and 45.9 GPa, obtained from the first-principles calculations and molecular
dynamics simulations from wurtzite to rocksalt structure in GaN at zero temperature, are in agreement with the
available experimental results (Sadovyi B, et al. 2020 Phys. Rev. B 102 235109). The melting temperature at 0 GPa
is 2295 K obtained by extrapolating the GaN melting curve of the wurtzite structure. With the pressure
increasing to 33.3 GPa, the melting curve of wurtzite structure in GaN intersects with the melting curve of
rocksalt structure, and the melting temperatures of both structures increase with pressure increasing. It is found
that GaN may have a superionic phase and the superionic phase transition occurs in the wurtzite structure at
pressures greater than 2.0 GPa and temperatures above 2550 K, whereas the rocksalt structure undergoes a
superionic phase transition at pressures and temperatures higher than 33.1 GPa and 4182 K, respectively, and
both of the phase transition temperatures increase with pressure increasing. The slope of the phase boundary
line of GaN is positive at high temperatures and gradually changes into a curve with a negative slope as the

temperature decreases.
Keywords: GaN, Phase diagram, Melting temperature, Molecular dynamics simulations
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