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Abstract Sapphire wafers are used as an important substrate for the production of blue LED (light emitting diode) and
the LED’s performance largely depends on the quality of the sapphire single crystals. There are several crystal growth
methods for sapphire crystals and Kyropoulos method is an efficient way to grow large diameter and high-quality sapphire
single crystals with low dislocation density. During Kyropoulos growth, the convection of molten melt is largely influenced
by the hot zone geometry such as crucible shape, heater and refractory arrangements. In this study, CFD (computational
fluid dynamics) simulations were performed according to the bottom/side ratios (per unit of the crucible surface area) of
heaters. And, based on the results of anaysis, the molten alumina flows and remelting phenomena were analyzed.
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Fig. 2. Schematic diagram of the Kyropoulos system.

A} hot-zone B Abtelo] ©AA WiFxol] digk =g
ds ArETh Hot-zone A 7|ZZ2s A=
FAE 7R Bl A2 asteto] Akl =
i_‘j_\?ﬂ(}ﬂ 1461-3],1:3 01,51_1 =4 131_% ;H;g_j 2D whH
FEz AASIT. 53] sIHe o] 2D WHow #
k=t e ﬂﬁﬂﬂ Je TTEE

Fojel g 2T § Soie] Hes IS HHst
stk AAIS hot-zone2] 7MeFA FxE F

=7, 88, tee] BedE, ddA] 58 FAH0
A},

SlEle 27 st s Uw g lon, Iy
O Mol =R TR tiv] s|E Q) TavlE
o] l——';E‘r shel SR ks Wi 88 Abtele)7t
FES 31 fR 5ol HH, AA3 frE Ahtol
of a4 Al oM Fad aiolnt, AN s
o} SHe] sl wEnles HAseHA 1 45 &

3

gerie] G0 QB Fol Amole] v

ofs

e

Heater (side)

Heater (bottom) [&

@ @ @ @ @ @ @ @ @ @ @ @

H

Fig. 3. The finite eement modd for CFD analysis.

Qo] F4o| s2rE Sk Uk web =R @)
EAHY S SE WANEL 7 15, 2, 259
[e]

HE2 AAgE & CGSm ikl 23 [8S 53t
2L T"r%OH tiste] HakefAe AAlste] A
G| go e 8§ FFHv
st GollvA] de7lT-9F
8atnom ztzte] 7]

AT T AxE T GUERS 4% FHe] Lw
A ATSE Gdg FPel FHF Wa Ao wlestL,
S Al el WA ks aAlel G

E}‘ﬂitk

e= WA, A ®14, G% Z:Eﬂjjr-%Z‘?} %}—’F(G:
5.67 x 10°°W/m’ - K, T,
AR S wh= JﬁiEOlE}[Q].

[ 5 el s 5y

o A g

X-momentum:

du  du_ ou_ 1oP  (9°u 9d°u  d°u
Yoy e ok o T o) @
y-momentum:

ov. ov, 6 ov_ 1oP v . 9v 9V
Bty s oy et o P o
z-momentum;

oW . ow ow __ 19P w . o°w . W
Uox +V8 W Voz T paz TV (a 2 T ay? * 322)(6)

9 A (4~6) A 3‘%3%74]-‘4 I sl ‘?Ho}‘ﬂ 47H
WA Aoy, vie= & “éﬁ]-?(v pt/p) P= 1:}'—1‘% ‘/‘rE‘r
kUl

53] 9= 2 fAe] A Algtolo] @AY 9
Aol E214 9 Fs EAo| @IS whor, Allolo]

o] =42 Table 13} 7Fo] AH3IA.



132 Jin Hyung Kim, Yong Ho Park and Y oung Cheol Lee

Table 1

Mechanical properties of Sapphire

Properties Values

Crystal Therma conductivity (W/m-K) 8
Density (g/cm’) 398
Specific heat (Jkg - K) 1365
Mélting point (K) 2326
Poisson’sratio 0.29
Emissivity 04

Melt Thermd conductivity (W/m-K) 2.05
Density (g/cm’) 3.030

(Ad =-9x 10°%/K)

Specific heat (Jkg - K) 1260
Emissivity 0.33
Dynamic viscosity (Pa- s) 0.057
Latent heat (Jkg) 1,067,700
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Fig. 4. Huid flow and temperature distribution in accordance with bottom/side ratios of heaters.
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