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Abstract: Using the first-principles method based on density functional theory, we have studied the
structural properties of GaN with wurtzite, zinc-blende and rocksalt structures and the phase transition
of GaN under high pressure. According to the isoenthalpy principle, the phase transition pressure from
zinc-blende structure to rocksalt structure of GaN is about 41. 9GPa, which is consistent with the experi-
mental results and other theoretical results. Employing the quasi-harmonic Debye mode, we have calcu-
lated the relationships between the thermal expansion coefficient and the pressure of GaN with zinc-
blende structure and rocksalt structure at different temperatures. The relationships between the volume
and pressure at different temperatures, and those between the heat capacity and temperature under dif-
ferent pressures are also obtained.
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AL B RieN 1 SC G A
THT M a 3.24 3.17%,3.20¢ 3.19¢
¢ 5.33 5.13%,5.22¢ 5.194
c/a 1. 65 1.62%,1.63¢ 1. 634
By 184. 66 207*,178. 5¢ 1884
B 1. 86 4.5%,4,50° 3. 2d
[N BED 45 4
a 4.55 4. 460 4.52¢
By 182. 92 201¢ 190. 0f
B 4,48 3. 9¢
AN
a 4.26 4. 22b 4, 234
By 228.39 240 248. 04
B; 5.11 4,5 5. 5¢

‘w131, ">rwk[14], k151, ek (167, = ik
(171, 3z @kl 18].

-42.610 T T T T
Zinc-blende

-42.611

-42.612

-42.613

Enthalpy (Hartree)

-42.614

|

|

|

|

|

|

-42.615 Lo— L 1 : .
41.2 41.6 42.0 424 42.8

Pressure (GPa)
B2 WeErf g hey GaN b5 ERe X £
Fig. 2 The relationships between enthalpy and pres-

sure of GaN with Zinc-blende and Rocksalt
structures
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Fig. 3 The relationships between the thermal ex-
pansion and pressure of GaN with Zinc-
blence and Rocksalt structures of GaN at
different temperatures

3.3.2 R&FE NET MEAAMEH GaN 1y

RS R, il 4 iR, o] LLE W78 TR —
FETN S INBED 25 04 Ak B 45 h0) 10 (A FR 2 B 25 1 i
(4 8 R TT VR /1S 5 YR AR R A BRI /N 1 B L 5 B
TR LB GaN B 5 4 s TERE 54 T GaN f&
TR /0N Bo w8 e 2% 0 R 0/ 1 i 20, X 0 TR R
GaN F= 28 iy S A B AR 20 B 7 S 0% 4L e [A) 1Y)
AHEAE 1 25 B 5 14 185 DK A o

553 B ARIE I R R R S
) GaN 7EA R T AAESIREN LR, K 4
Fros. ATLAE L IR /N T 800 KB, [N BRI 45
o 1) A i IR T 1 e TG R MR KT 800 K
AF, PR 1 R AR B s 380 W 728 1 L 4 I B 3 n B —
MR BTG R BEA G T — DA BR AR, it
B0 Ry B A7 144 7 & i 45 4 R B B35 96 9 Du-
long-Petit $PR{E , Bl 3nNAk52199.52 J « mol ' »
KON AR IR BT AR AN A8 2 5 50 ke RN PR 26 20
$0.



e, . GaN A8 E A K H MR 69 AR 1039

% 5
700 | 4
Zinc-blende Rocksalt
650 | 4
"= 600} —e— 0K | -
2 —e— 800 K
‘; 550 | —— 1600 K T
"g‘ 1
§ 500 | e
sfp 2O % ]
400 1 1 1 1 1
0 20 40 60 80 100
Pressure (GPa)

B4 FREBETAEF QLA EH GaN kR e
JE5R X A
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structures at different temperatures

L] L} L}
Dulong-Petit Limit
~ &

—

=N

=
T

—
® [
= >
T T

Heat capacity(J/(mol- K))
£
=

=
T

0 400 800 1200 1600 2000
Temerature (K)

BS5 FAREZETHASFT &M GaN AR 58 EH®
Fig. 5 The relationships between heat capacity and
temperature of GaN with Zinc-blende struc-

ture under different pressures

4 # B

A SCR FH B T 9% Bz R 1 5 — P Ry
EAF T GaN =R a5 H 7K £ 10 SR8 B 5 R B G
% . 37 Birch-Murnaghant " RS BEH TiX =
ol 25 48] B A S S5 A M T L TH B 45 R ST N ST 45
FRIEA B AR S AH A B T GaN N B
W45 R B A AL S5 R A AZ 2 41,9 GPa, X
5 S A Al B TR E AR AT G

T A R R X GaN INEER 45 F AT A
AL B B 2 Ve B AT T RS A AR TR IR R T
INFER™ S5 A0 Y GaN B2 K 2% 8008 TR o i 14 R 52 48
BOB K SN A H 1 GaN R ik 2 4R e

SR P 1 K 2k /0N 5 A TR R SRS T R 45 A Y HR
i ik 72 50 Bt B ) T R TG K AR R g R AR T
W E RS GaN A S K4, EIRESEMHT
GaN PRI /N LU 5 Fe 45 14 T /N 15 ) 45 (] Bsp
4 Y TR VBE B 485 4 1 A 25 AE iR R B T Dulong-
Petit # FRA.

S & k-

[1] Kang B S, Kim S, Ren F, et al. Pressure-induced
changes in the conductivity of AlGaN/GaN high-e-
lectron mobility-transistor membranes [J]. Appl
Phys Lett, 2004, 85: 2962.

[2] Nakamura S. The roles of structural imperctions in
InGan-based blue light-emitting diodes and laser di-
odes [J]. Science, 1998, 281: 956.

[3] Brown S A, Reeves R J, Haase C S. Reactive-ion-
etched gallium nitride: metastable defects and
yellow luminescence [J]. Appl Phys Lett, 1999,
75 3285.

[4]  Serrano J, Rubio A, Herndndez E , et al. Theoret-
ical study of the relative stability of structural pha-
ses in group-III nitrides at high pressures [J]. Phys
Rev B, 2000. 62 16612,

[5] Perlin P, Jauberthie-Carillon C, Itie J P, et al. Ra-
man scattering and X-ray-absorption spectroscopy in
gallium nitride under high pressure [ J]. Phys Rev
B, 1992, 45. 83.

[6] Ueno M, Yoshida M, Onodea A, et al. Stability of
the wurtzite-type structure under high pressure:
GaN and InN [J]. Phys Rev B, 1994, 49. 14.

(7] Z=fd. Wrg), WeWr. 58, @R GaN 9 45 K AH
A R B F AR — M R ER A S [T, MBS R B
Wosks . 2015, 29, 141.

(8] FAHEE, WRIFE, KRR 5. ZHH R EL M
AR Bk 5 AR A B A e R ST ]
KFZH: HAFRERR, 2016, 53: 1290.

(9] BCHRAR, AR, B2, %, WJEF ZrBi 5 NbB, Jj
PR S — MR BRI ]. W R B
R, 2017, 54 547.

[10] Perdew J P, Burke K, Ernzerhof M. Generalized
gradient approximation made simple [J]. Phys Rev
Lett, 1996, 77, 3865.

[11] Blanco M A, Francisco E, Luana V. GIBBS: iso-
thermal-isobaric thermodynamics of solids from en-
ergy curves using a quasi-harmonic Debye model
[J]. Comput Phys Commun, 2004, 158 57.

[12] Birch F. Finite elastic strain of cubic crystals [J].



1040 W) X FFRCA RAF MR % 55 %

Phys Rev, 1947, 71. 809. 2007, 24. 1303.

[13] Kim K, Lambercht W R L, Segall B. Elastic con- [16] Xia H, Xia Q, Ruoff A L. High-pressure structure
stants and related properties of tetrahedrally bonded of gallium nitride: wurtzite-to-rocksalt phase transi-
BN, AIN, GaN, and InN [J]. Phys Rev B, 1996, tion [J]. Phys Rev B, 1993, 47. 12925.
53: 16310. [17] Trampert A, Brandt O, Ploog K H. Crystal struc-

[14] Serrano J, Rubio A. Hernandez E, et al. Theoreti- ture of group. IIT Nitrides [ M]//Semiconductors
cal study of the relative stability of structural phase and Semimetals. San Diego: Academic Press, 1998.

in group-III nitrides at high pressures [J]. Phys [18] Sherwin M E, Drummond T J. Predicted elastic and
Rev B, 2000, 62 16612. critical layer thicknesses for cubic phase AIN, GaN,

[15] EFRWE. fHE. 4. 44860 458 GaN )2 and InN on p-Sic [J]. Appl Phys, 1991, 69: 8423.
PERA S —PE R B LT ], 7 5 0 F W B4,

o e e e e s i s i S e T B M e Y

RS IS }
B T TP, A b 4 GaN MIAS KA A R A B B8 (00, WIS 0. (AR REEAR. 2018, 1
$ 55: 1036. i
; H . Han X, Wang P P, Li D, et al. Theoretical study on phase transformation and thermodynamic properties of +
+ GaN [J]. J Sichuan Univ: Nat Sci Ed, 2018, 55: 1036. +

oo st et s s sttt s s oottt e



