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(aab 1) bab
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Nap = Z )fc (r ac )exp[/lg (rab — Iy )3J (2'10)

c(zab
(T2 model)
(T3 model)
Tersoff R,D, A
3 T3
T3 2.3
Table .1 Tersoff potential parameter(29]
Si (model2) 'Si (model3)
A [eV] 3.2647>=<10° 1.8308><10°
B [eV] 95373><10' 4.7118>=10°
AT 3.2394 2.4799
N 1.3258 1.7322
a 0.0 0.0
B 3.3675>107" |1.0999>=<10"°
n 2.2956>=10" 7.8737><107"
c 48381 1.0039><10°
d 2.0417 1.6218><10"
h 0.0000 -5.9826><10""
NI 1.3258 1.7322
R [ 1] 3.0 2.85
D [ ] 0.2 0.15
2.1.1.2 Screen-Tersoff
Tersoff
Tersoff
0 Fig2.l 2
Fig.2.2 2
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¢ Sach
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Z(Xik + ij)_(xik + Xy )2 -1

= (2-16)
1- (X, + X, f
Xik = (Ri/Ri))*  Xij = (Ryg/Rij)’ Siik C
Sacb = fc [(C - Cmin )/(Cmax - Cmin )] (2'17)
Cmin Cmax C
1, x>1
f.(x)=1 b-a-x'f.0<x<1 (2-18)
0, x<0
MEAM
Table .2 MEAM screening parameter(37
2NN MEAM 1NN MEAM
Criax 2.80 2.80
Crin 0.16 2.00
Tersoff Ca XA (FapTac)’]
)\33 (rap=rac) 3
1.0 1.0
C Cmin Cma><
0 1 Cmin Cmax
Cmin 1.6
Screen-Tersoff
Screen-Tersoff
1
P=>d, = EZvab (2-19)
a azb
Vab = Sab [aab fR (rab )+ bab fA (rab )] (2_20)
fo(r)= Aexp(- 4r) (2-21)
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f, =—Bexp(- 4,r)

by, = (1+ B'Sa )_Vzn

Sab = Z Sab g (eabc )explj’g (rab L )1J

c(=a,b)

9(6)=1+c?/d? —cz/[d2 +(h—cosH)2J

Sacp = fc[(C —Chin )/(Cmax —Chin )]

2(X , + X )= (X + X, f -1

1_(Xik+xkj)2
r r
X, =& X |-
ik [rabj cb(rab]
1 x>1
f.(x)=1 b-@-x)'T. 0<x<1
0, x<0

Table .3 Screen-Tersoff potential parameter

A [eV] 1.8308<10°
B [eV] 47118>10°
AT 2.4799
N 1.7322
(o 0.0
B 1.0999>10°°
n 7.8737>=<10""
c 1.0039><10°
d 1.6218><10*
h -5.9826>=<10""
NI 1.0
Crrax 2.85
Crrin 1.60
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IDB* Bere Aichoune IDB
IDB* Bere GaN
Bere SW
d = % > V, (rij )+ iJZ‘;V3 (rij i Ui ) (2-31)
d;
= ; (2-32)
V, (r, )= eA(Br;* ~1)exp|(r, —a)*| (2-33)

2
V, (rij' Fico T )=ei exp[y(rij —a) 4+ 4(r, - a)’l[cos 0+ ﬂ (2-34)

Table .4 GaN SW potential parameter (33l

Ga-N Ga-Ga N-N

£ [eV/bond] 217 12 12
ol ] 1.695 21 13
A 325 325 325
a [r/o] 1.8 1.6 1.8
A 7.917 7.9517 7.917
B 0.720 0.720 0.720
Bere IDB IDB* SMB

AE [mJ/m2]
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Table .5 Calculated structure properties of GaN

Experiment ab initio  |mSW potential
al ] 3.19 3.1904
b[ 1] 5.2 5.20987
Ecoh -4.34093072
C11 [GPa] 391 354.2446943
C12 [GPa] 144 136.2668012
C13 [GPa] 108 123.1251912
C33 [GPa] 399 367.3289296
C44 [GPa] 103 108.7269521
C66 [GPa] 124 108.9889465
B [GPa] 210 204.5391863
IDB [mJ/m2] 2663 2719
IDB*[mJ/m2] 400 1006
SMB[mJ/m2] 1688 5205
10°
(unit cell) (image unit)
PRSI TTRTTTTTTR TS
: g | g - i
l I R o
A R B
IF L] + 1
bohg }}J B Do
: 1 o : L
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Fig. -5 Periodic boundary condition
Book-Keeping
fe
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F,=m d 2'
dt
NVE
(NVT)
T
(2.12)
ENkBT = Emava2
2 ~ 2
T
Va
T Tc (2.13)
o T
vV, =,[=V,
T
At
2.1.6
eV

(2-35)

()

(2-36)

[103]

(2-37)

Verlet  [107]

0.01

(2-38)
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eV
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@

eV

(2-40)

(2-41)

(2-42)

(2-43)

(2-44)

(2-45)

(2-46)

Table .6 No dimensional parameters
Msta 1.00><10%(kg)
kg 1.38062><10"2(J/ K™
eV 1 electron Volt 1.60219><10°())
d

1.00=<10™"°( )

O—*

160.22
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Fig. -9 Part of Screen-Tersoff potential (red)
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Fig. -2 Results of (110)[1-10] crack model of Tersoff potential
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Fig. -4 Results of (110)[001] crack model of Screen-Tersoff potential
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Fig. 3-8  Screen-Tersoff SW

Fig. -8 Core structure of Silicon dislocation using Tersoff and screen-Tersoff potential

(a) Screen-Tersoff potential, (b) SW potential
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Fig. -12 Snap shots of GaN prism edge dislocation nucleation (slip vector)
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Fig. -16 Structural changed along MEP of GaN basal 60 < dislocation nucleation
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-17 Saddle-point structure of GaN basal 60 < dislocation
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Fig.  -33 Structural changed along MEP of GaN prism edge dislocation nucleation
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Table .1 Activation parameter of Basal dislocation
AleV] Yatn n
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Table. 4-3

Table .3 Comparison of activation parameters of copper, silicon, GaN basal and GaN

prism

GaN Basal GaN Prism Silicon SW Cu Mo
A [eV] 245 161.2 1115 7.4 69.6
vath 0.158 0.131 0.051 0.025 0.12
n 4.46 2.71 1.87 1.75 2.14

0% A GaN Basal 60<=
Prism (SW)
GaN Basal 60< Prism

(SW)
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Table .4 Unstable stacking fault energies of GaN and Silicon

Unstable staking fault )
,, | Burgersvector[ ] | Yy b" [eV]
energy  Yus [Im”]
GaN (0001) 2.73 3.19 1.74
GaN (1-100) 2.90 3.19 1.84
Silicon (111) shuffle-set 1.38 3.84 1.27
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Table

Table. 4.4

.5 Unstable stacking fault energies of SW and screen-Tersoff potentials

Unstable staking fault

, Burgers vector [ ] Vs b2 [eV]
energy  Yus [Im7]
Screen-Tersoff 2.96 3.84 2.73
SW 1.38 3.84 1.27
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Table. 4-6
Table .6 Ideal strength, torsion shear modulus and ideal shear strain of GaN basal
and prism
GaN Basal GaN Prism
[Gpal 22.8 22.9
1 [GPa] 111 96
0.21 0.24
(DFT) (Mishin ) (DFT)
Table 4-7
Table

.7 Ideal strength, torsion shear modulus and ideal shear strain of GaN basal ,

prism, silicon, Cu and Mo

GaN Basal GaN Prism Silicon Cu Mo
[Gpal 22.8 22.9 6.8 2.8 15.18
1 [GPa] 111 96 64 41 127
0.21 0.24 0.11 0.068 0.12
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GaN basal 60<

prism

Table 4-8

4.3

4.2

Table 4-9

Table .8 Physical properties of GaN basal, prism, silicon, Cu and Mo
GaN Basal GaN Prism Silicon SW Cu Mo
2.7 2. 1. A 1.44
wus [Im-2] 3 9 38 0.16
Vvus h2 [eV] 1.74 1.84 1.27 0.065 0.67
1 [GPa] 111 96 64 41 127
I b3 [eV] 22 19 23 4.3 17
[Gpa] 22.8 22.9 6.8 2.8 15.18
0.21 0.24 0.11 0.068 0.12
[ ] 3.19 3.19 3.84 2.56 2.73
[eV/atom] -4.34 -4.34 -4.63 -3.54 -6.82
Table .9 Activation parameters of GaN basal, prism, silicon, Cu and Mo
GaN Basal /GaN Prism|Silicon SW|Cu Mo
A [eV] 245 161.2 1115 7.4 69.6
vath 0.158 0.131 0.051 0.025 0.12
n 446 271 1.87 1.75 2.14
A ( )
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