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Abstract Sapphire single crystals have been highlighted for epitaxia galium nitride films in high-power laser and light
emitting diode (LED) industries. Among the many crysta growth methods, the Kyropoulos process is an excellent
commercial method for growing larger, high-optical-quality sapphire crystals with fewer defects. Because the properties and
growth behavior of sapphire crystals are influenced largely by the temperature distribution and convection of molten
sapphire during the manufacturing process, accurate predictions of the therma fields and melt flow behavior are essential to
design and optimize the Kyropoulos crystal growth process. In this study, computational fluid dynamic simulations were
performed to examine the effects of the crucible geometry aspect ratio on melt convection during Kyropoulos sapphire
crystal growth. The results through the evolution of various growth parameters on the temperature and velocity fields and
convexity of the crystalization interface based on finite volume dement simulations show that lower aspect ratio of the
crucible geometry can be helpful for the quality of sapphire single crystal.
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Table 1

Physical properties of the duminum oxide used in this study
Properties Vaues

Thermal conductivity of the crystal (k, W/imK) 5
Thermal conductivity of the melt (k,,, WimK)  2.05

Specific heat (Cp, Jkg K) 1430
Density (p, kg/m’) 3970
Latent heat of solidification (AH, Jkg) 1,407,000
Méelting temperature (T,,, K) 2327
Dynamic viscosity (u, kg/m S) 0.057
Thermal expansion coefficient (B, K™) 18x107
Transparent band (um) 0545
Absorption coefficient (K, m™) 19.26
Scattering coefficient (6) 0
Refractive index (1)) 1.78

A

de esesint.

2.1. Aupg 4

HoA7oA 88 ALOSl 52 Navier-Stokes 2]
osll AAEHAL 7PgElen, aido] 221 A% WA
A, & WA, oluA B A7 vt A

19 Vv, _
A<g A F-é‘r(l’ V) + > =0 (1)
r33F -5 g
GV
p-(V, A YT
212 oV,
+“’[8r rar(rv')>+32} @
23 5 WA
aVv, BVZ)
p (VGRS

ZZ;} +pBG(T-Tw (3

oy, )= 1.2 (2T T
T
p-Cpr ?n =K-A-T - V-G (5)

B A7olie "ad s s 7lgE w7l

arete g ue] el girka 7Hgslen,

= -5 AA3] Hejree]wa

7r AAGA AN 8 &
stk 7pg st

T=Ts )

$&e] AR HHoE rPgelen, &5 e



118 JH. Ryu, W.J. Lee, Y.C. Lee, H.H. Joand Y .H. Park

Agwslel @ EAGY a3 velsiach AfE
ole] drge tif Awel olg

SEEREREE
-

ot e vls] FAE v Aol 7Pg st
_dc
T= 8_I_VST (8

28y &89 AfFHA Marangoni effectS
ERditt, 80/80Te %ol whE FHAE ), Ve
He| 2eujE veRd

L

=2
X
rr
l-']I.
T
ol
o
o

€ AlLO;, ¥ A7dd &Ed
HAl 9 A2S Discrete Ordinates(DO) =

Crys. Temp. (K)
I2327
2320

2312

Viax =
0.0102m/s

2305

2297

S & 2. DO Rdle HEil ofsk & HE
S fEle) YAZko® e alg FAsE WHo
2[10] Fahe] wapel So) vhs) thest e B
£ 7t
V-(1,(£.9)9 + (k + 69 1,(£.9)
=k-n’ 1y + ;’—; . I:"h(?,%')cb(é%')dsz' )

%, ok AWAE, ne ZAE, o P, QE 9
A7z, ly= Panckel o8 Foixle A A A=E
LeRdit,

e Agz2 el Fuent[11]S o]&3lo] F3ys}
Rom, SIMPLE(Semi-Implicit Method for Pressure-
Linked Equations) %¢3#]Z3 PRESTO(PREssure
STaggering Option) schemes: 4ol 28314t}

Velocity (m/s)
1.2e-02

9.6e-03

Vinax =
0.0022m/s

7.2e-03

4.8e-03

Izzeo

Fig. 2. Predicted evolution of temperature distributions (left-hand side), maximum velocity magnitudes (right-hand side) with crystal
shape for different aspect ratios of the crucible geometry during KY growth: (a~d) h/d = 0.75.
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Fig. 3. Predicted evolution of temperature digtributions (left-hand side), maximum velocity magnitudes (right-hand side) with crystal
shape for different aspect ratios of the crucible geometry during KY growth: (a~d) h/d=1.0.
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