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Background ~ Roles of crystal growth simulations ~
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Ab initio based—approach

Paradigm shiit

Ab initio - =
Ab initio-based approach m

\ eg., Entropy term of diatomic molecule

L&D

Translation Vibration Rotation

K N2 = _kBT In(ngT/p X Ztrans X ( rot X ( vibr)l

E Adsorption

/ugas @

'ugas > Ead

E ad
z trans = (ankBT/h2)3/2I
{ o= 8 Wk T/(ch?),

T yior = {1 - exp(-hv/kgT)} .

Desorption

kg: Boltzmann’s const., T: Temperature,

p: partial pressure, h: Planck’s const.,

g: Degree of degeneracy of electron energy level,
m: Mass of a particle, o: Symmetry factor,

I: Moment of inertia, v: Frequency.

__ precon ideal gas ;1 nad gas 1 nad 9as
G = Egap [Eslab +n Ga:u(}a nN U2 nyg Uy ]
G: Gibbs free energy, n: number of adatoms, u: chemlcal potential
(m is functions of pand T)
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Ab initio based—approach
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structures as a function of growth temperature.

H. Jonen et al., physica status solidi (b), 248, 600-604 (2011).

Influence of surface reconstruction on the impurity incorporation in GaN MOVPE O
Yoshihiro Kangawa (Kyushu University/Nagoya University) O O

0@8



Introduction

Methodology

Results

Summary

v' Background ~ Roles of crystal growth simulations ~

v' Ab initio based-approach

v Influence of growth orientation on InGaN composition

v Incorporation mechanism of C & O in GaN MOVPE

OO
82605



RAEX

® |ncorporation mechanism of C & O in GaN MOVPE

WXEX]

L] | %" L |-
Surface reconstructlon L1 1 1 vV V.V vV VIV e
RSN yyyy®yv,) | O |-
vV V.V V VoV : :
o -

Crystal » Crystal » Crystal

» Reconstructed structure on the growth surface (p-T surface phase diagram).
» Formation energy of a substitutional impurity in each layer.

O@%

Influence of surface reconstruction on the impurity incorporation in GaN MOVPE O ‘
Yoshihiro Kangawa (Kyushu University/Nagoya University) O O



XEX

@0: Incorporation mechanism of C & O in GaN MOVPE

GaN(0001) Representative surface models

provie ety iyl o iy

Ideal (bare) surface

e A 5t S e ke e e
WY SR Y R
e v e S S e

Ideal (bare) surface
Evaluation criteria of stable surface reconstruction under a certain growth condition

*

c00 0P

B ideal 4 gas 1 ad gas . 1 _ad gas] Ga-rich surface model
G = Ereeon — [Eiel + nddud® + 1ndduds® + Inftufs’]. *
G: Gibbs free energy, n: number of adatoms, u: chemical potential * N-H-rich surface model
(mu is functions of pand T)
A. Kusaba et al., JJAP 56 (2017) 070304

Influence of surface reconstruction on the impurity incorporation in GaN MOVPE O
Yoshihiro Kangawa (Kyushu University/Nagoya University) O O

O@%



Incorporation mechanism of C & O in GaN MOVPE

Pt = 1 atm, pPPyus = 0.5atm, a=0.25 F=0or 1

(0001), N, carrier (0001), H, carrier

v' Ga,y surface is stable

under N, carrier gas condition.
v" 3Ga-H surface is stable

under H, carrier gas condition.

(000-1), N, carrier (000-1), H, carrier

Temperature [°C]

GaN(000-1)

VI (p%ns / PPuc) ratio

v 3N-H surface is stable
under typical growth condition.

1000
1100
1200
1300

900
1000
1100
1200
1300

0@8

Influence of surface reconstruction on the impurity incorporation in GaN MOVPE O
Yoshihiro Kangawa (Kyushu University/Nagoya University) O O



RAEX

® |ncorporation mechanism of C & O in GaN MOVPE

WXEX]

L] | %" L |-
Surface reconstructlon L1 1 1 vV V.V vV VIV e
RSN yyyy®yv,) | O |-
vV V.V V VoV : :
o -

Crystal » Crystal » Crystal

» Reconstructed structure on the growth surface (p-T surface phase diagram).
» Formation energy of a substitutional impurity in each layer.

O@%

Influence of surface reconstruction on the impurity incorporation in GaN MOVPE O ‘
Yoshihiro Kangawa (Kyushu University/Nagoya University) O O



XEX

@0: Incorporation mechanism of C & O in GaN MOVPE

152108-2 Lyons, Janotti, and Van de Walle
Appl. Phys. Lett. 97, 152108 (2010)

T C, (carbon substituting nitrogen)
1 is stable in n-type GaN.

Co

a

Formation energy (eV)

0 Ga-rich 0 I N-rich
0 | 2 3 0 1 2 3

Fermi level (eV) Fermi level (eV)

FIG. 1. (Color online) Formation energy vs Fermi level for Cg, and Cy in
GaN. Ga-rich conditions are shown in (a) and N-rich conditions in (b).

Ef(c ) = E(Cf) — Eo(GaN) — uc + uy
+q(Ep+€,+AV),
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z-: Incorporation mechanism of C & O in GaN MOVPE

Formation energy (eV)
N
Formation energy (eV)

0
On Ga-rich con@c\
_2 ] L 1 I 1 I

00 05 10 15 20 25 3.0
Fermi level (eV)

O, (oxygen substituting nitrogen)
is stable in n-type GaN.

A. F. Wright et al., JAP 98 (2005) 103531
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Incorporation mechanism of C & O in GaN MOVPE
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Incorporation mechanism of C & O in GaN MOVPE
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InN(bulk InN(bulk) InN(bulk InN(bulk
adn(U) adn(U][slab n(U) NH3_HI\T(U))

+ ”N +njn )ﬂlnN /3+ Aslababottom]}

AEg\rface-bulk = {[ slab T "N Ky

t
. NA/(nlr?ﬁ + nﬂd + n?nd)

Opottom: SUrface energy of bottom side; E,,: total energy of surface slab model; p,;: total energy of an ammonia molecule;
W, MNBulk) -y nNGulk) - InNGUk): chemical potentials of In, N, InN in InN(bulk); n,,29, n\24, n,2%: numbers of In, N, and H adatoms;
n,"2°: number of InN formula units; n,,*°P: number of InN formula unit of the topmost layers; N, is Avogadro’s number; A, : surface area.
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