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First-principles Calculation of the Structural, Electronic and
Vibrational Propertiesof GaN and AIN
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Abstract

First-principles pseudopotential calculations based on the local-density-functional theory have been
performed on GaN and AIN. Due to the localized nature of the valence charge density in these materials, the
mixed-basis set which is alinear combination of plane waves and Gaussian orbitals is used to expand the
electronic wave functions. We consider two possible crystal structures, hexagonal wurtzite and cubic zinc-
blende, and predict the equilibrium lattice constants, bulk moduli, €lectronic band structures, and optical I'-
phonon frequencies. The versults are in good agreement with available experimental data: Although the
calculated A,-transverse-optical mode frequency of wurtzite AIN differed by 11% from Raman experimental
data published before 1992, the experimental data have been recently revised by two different groups and we
have found good agreement between the calculated frequency and the revised ones. The effective mass of
the electron appears to be nearly isotropic for wurtzite GaN and AIN. For both nitrides, the wurtzite structure
isfound to be more stable than the zinc-blende structure.
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Table 1 Lattice constants a, axial ratios c/a, internal
parameters u, and bulk moduli B.

GaN AIN
Cac. Expt? Cdc. Expt®

Waurtzite structure

a(A) 3.146 3.189 3144 3112

cla 1.629 1.626 1605 1.600

u 0.377 0.381

B(GPa) 195 194
Zinc-blende structure

a(A) 4.446 4.421

B(GPa) 195 195

2 Ref. 18), ” Ref. 19)

Fig. 3

37

0GaAs(78GPa) 0000 0000000000000
GaN/AlGaNO 0 000000000 0000000
00000000000000GaNDOAINOOODOO
00000000GaNOAINOOOOOOOOODOO
a0 000001%0c0000015% 0000000
0000000000000
ZBOOOOGaNOAINDOOOOOOOWZOODO1
0000000000D00D0D00000 (GaNO
4445A0 AIND 44213 ) 00D D0OOOO0O0O0O0O0O0
000OwzOOOOOOOOOOOOOOOZBOOO
00000000000 06%0000

GaN, AINOOODOOOOOOOWZOOOZBOO
000000000000010000000000
000000000000000000000000
000000000000000000000000
0000O00GaN, AINDOOWzOOOOOOOOO
0000 (0000000 GaND 5.8meV/atomd AIN
0 18.7meV/atom )0 00000 ZBO OO OWZO OO
0000000000000000

302 0O0O0OOOO

WZz-GaNO ZB-GaNO 00000000 OO0OO
Figs. 3(@0(H0 0000000000000 0OO
p,000000000000WZOOOZBOOOO
GaNOOOODODOOO0O0O0OO0OOO00OOONOOoO
O00000000000220000000000
GaNOOOOONODODODDODOOOOOOOOO0OO
000p,001000000000NODODOOOOO

K
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charge plotted is normalized to the average valence charge density of the unit cell. The contour spacing is
0.5 and the bonding directions are illustrated by the straight lines.
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Table 2 Optical I' phonon frequencies of GaN in units
of cm™.

Cdc. Expt?
Waurtzite structure
A-TO 534 531
E-TO 556 560

E, 146 144
E, 560 568
B, 335 inactive
B, 697 inactive
Zinc-blende structure
TO 558

? Ref. 27)
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Table 3 Optical I phonon frequencies of AIN in units of cm™.

Expt.

Perlin® McNeil® Brafman® Sanjurjo® Carlone® Hayashi *

Cadlc.
Wurtzite structure
A-TO 601 607 614
E,-TO 650 673
E, 228 241 252
E, 638 660 660
B, 335
B, 697
Zinc-blende structure
TO 648

667
667

655

659 0 660
671 614 [ 672
303
426
inactive
inactive

2 Ref. 28), " Ref. 29), © Ref. 30), ¢ Ref. 31), °Ref. 32), ' Ref. 33)

oooano

Koide, N., Kato, H., Sassa, M., Yamasaki, S., Manabe, K.,
Hashimoto, M., Amano, H., Hiramatsu, K. and Akasaki, I. :
J. Cryst. Growth, 115(1991), 639

Miwa, K. and Fukumoto, A. : Phys. Rev. B, 48(1993), 7897
Min, B. J,, Chan, C. T. and Ho, K. M. : Phys. Rev. B,
45(1992), 1159

Mufioz, A. and Kunc, K. : Phys. Rev. B, 44(1991), 10372
Perlin, P, Gorczyca, 1., Cristensen, N. E., Grzegory, |.,
Teisseyre, H. and Suski, T. : Phys. Rev. B, 45(1992), 13307
Van Camp, P. E., Van Doren, V. E. and Devreese, J. T. :
Solid State Commun., 81(1992), 23

Ching, W. Y. and Harmon, B. N. : Phys. Rev. B, 34(1986),
5305

Van Camp, P. E., Van Doren, V. E. and Devreese, J. T. :
Phys. Rev. B, 44(1991), 9056

Mizuta, M., Fujieda, S., Matumoto, Y., and Kawamura, T. :
Jpn. J. Appl. Phys., 25(1986), L945

Hohenberg, P. and Kohn, W. : Phys. Rev., 136(1964), B864
Kohn, W. and Sham, L. J. : Phys. Rev., 140(1965), A1133
Hamann, D. R., Schliiter, M. and Chiang, C. : Phys. Rev.
Lett., 43(1979), 1491

gooo:"000pooO0" 0000000 R&DO
000, 25-4(1990), 29

Louig, S. G., Ho, K.-M. and Cohen, M. L. : Phys. Rev. B,
19(1979), 1774

Bendt, P. and Zunger, A. : Phys. Rev. Lett., 50(1983), 1684
Nielsen, O. H. and Martin, R. M. : Phys. Rev. B, 32(1985),
3780

Nielsen, O. H. and Martin, R. M. : Phys. Rev. B, 32(1985),
3792

18)

19)
20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Maruska, H. P. and Tietjen, J. J. : Appl. Phys. Lett.,
15(1969), 327

Yim, W. M. and Paff, R. J. : J. Appl. Phys., 45(1974), 1456
0 0O, Lagerstedt, O. and Monemar, B. : Phys. Rev. B,
19(1979), 3064

Barker, J., A. S. and llegems, : M. Phys. Rev. B, 7(1973),
743

Hybertsen, M. S. and Louie, S. G. : Phys. Rev. B, 34(1986),
5390

Godby, R. W., Schiiiter, M. and Sham, L. J. : Phys. Rev. B,
37(1988), 10159

Ghatak, A. K. and Kothari, L. S. : An Introduction to Lattice
Dynamics, (1972), 217, Addison-Wesley Publishing
Company, London

Kunc, K. and Martin, R. M. : Phys. Rev. Lett., 48(1982),
406

Giannozzi, P, de Gironcoli, S., Pavone, P. and Baroni, S. :
Phys. Rev. B, 43(1991), 7231

Perlin, P, Jauberthie-Carillon, C., Itie, J. P, Miguel, A. S,,
Grzegory, |. and Paolian, A. : Phys. Rev. B, 45(1992), 83
Perlin, P, Polian, A. and Suski, T. : Phys. Rev. B, 47(1993),
2874

McNeil, L., Grimsditch, M. and French, R. H. : J. Am.
Ceram. Soc., 76(1993), 1132

Brafman, O., Lengydl, G., Mitra, S. S, Gidlisse, J. N,
Plendl, J. N. and Mansur, L. C. : Solid State Commun.,
6(1968), 523

Sanjurjo, J. A., L6pez-Cruz, E., Vogl, P. and Cardona, M. :
Phys. Rev. B, 28(1983), 4579

Carlone, C., Lankin, K. M. and Shanks, H. R. : J. Appl.
Phys., 55(1984), 4010

Hayashi, K., Itoh, K., Sawaki, S. and Akasaki, I. : Solid
State Commun., 77(1991), 115

0000000 R&DOOOOOVO. 29 No.4 (1994.12)



42

oooo

0000 0 O Kazutoshi Miwa
000196300
Oo0o0o0o0oOoOoooao
JO00D0000000oO0oOoooooon

Joooooooooooooo

ogoood
JoO00o0o0o0oooooooooooo

goooooooooa

00000 0dAtsuo Fukumoto
Oogd19srod
goooooooooo
gooooooooooooooooo
goooooooooooooo
oooo

OO00D00000000000o0o0o00
oooo

0000000 R&DOOOOOVO. 29 No.4 (1994.12)



