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Numerical analysis of CZ growth process for sapphire crystal of 300 mm
length: Part I. Influence of hot zone structure modification on crystal
temperature
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Abstract Czochraski (CZ) growth process is one of the most important techniques for growing high quality sapphire
single crystal for LED application. In this study, the inductively-heated CZ growth processes for the sapphire crystal of
300 mm length have been analyzed numerically using finite element method. The hot zone structures were modified with
the crucible geometry change and the additional insulation layer installed above the crucible. The results show that the
solid-liquid interface height decreased from about 80 mm at initiadl stage to 40 mm after mid-stage due to achieve the
growth speed balance. Also the optima input power of the modified system was similar with the origina one due to the
compensation effects of the crucible geometry and additiona insulation. The crystal temperature grown by the modified CZ
grower was increased about 10K than the original one. Therefore the sapphire crystal of 300 mm height was grown
successfully.
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Table 1
Crucible geometries of the CZ grower for 300 mm length sgpphire
crysta

Crucible Diameter (mm) Height (mm)
A Do Ho

B Do Ho + 40

C Do-20 Ho + 40

*QOrigina cylindrical-type crucible dimension (mm): Do diameter
and Ho height.

L[ L]
LI

L L L
LI

(a) (b)

Fig. 1. (& The origind CZ grower and (b) the modified CZ
grower added insulation layers at the upper part of the crucible
to improve the thermal insulation.
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Fig. 2. Smulated globa temperature distributions of the CZ
grower.

Table 2
The smulated and the measured temperatures at the various point
of the CZ grower

Measuring Locations __ Temperature (K) DT (K)
(No.inFig. 3) Smulated  Measured
Top 1 1,650 1,513 137

2 1,780 1,683 97

3 1,830 1,783 47
Middle 4 1,150 1,163 13

5 1,165 1,183 18
Bottom 6 2,000 1,823 177

7 1,700 1,633 67

Aol AAHA 2R EE FMsl, o AHE Fig.
2] JepISIE. 2Ela AR siM AT efdAES
AS3sP] S8t A=ze] fXdl e UH-2=E FEM
314 9 A% 25 wwslel Table 20 YERACH
AR U 2=
|3t =7 A
=H 9 dIAE
EHHA: 6, Tl AT
Table 20| Axollr] & = Sl%o], A= =il A
739, FEM siXx|e} SAA]7F oF 47KelA 137K
ALl o7t v ZoE FAHIIT v iAo
2 ARl SHE 79, 2=Afo|7t oF 13K~18K &
TRl Aoz yeRdth a28la BEAR] Ir =R sk
B A9 % xpolr) ok 67K~177K AEQ Hozw 2
AEQh AR RIS B3 Ay, AiEe=
A2l SHFE= & AXSA|TE oF 1500K )91 a2
Re] AL 2rxjolzt ok 50KoA 180K HEel Ao
2 EAEAT o]} o] Zpol7t U= A1 EE FEM
A1) 735, Atgoloje] Fofl 2kl oF 2323Kel =
=23t Ao WE =R XE I, e =4
o] 79, measuring ringe] ARE SHA] Wl °F 2073 K
7R 7v8sted SAE Aajolla] 710k Alolgt dctET)
Algtolo] ©AA ] 247 Zel7F 150 mmellA] 300 mm
2 Z7Ysel wet 98 F9 AHe] oF 30% A= 57
taz, HEAR] =R A7 & FAde] MAE oo} gt
°] 300mm & %7] CZ =29 7%, Tgk =t
P o8] AFE UF 2% 2o ¥R &
9 o} F7 AEe] A= 7]
= 5 O Age] wAsisith. ol 7]
5 A% %7 AT 7Hs ZAH9 9% ¢ 449
59 WMAe B s U 9 AAUF st
ATk
CZ AARZE |83l 300 mm Abgfolo] @A) A
2 27178 WA S99 feuid, 23 F, -
N A FF T2 A8k, 2 AHE Fg. 39 Fig. 4

o

ol

o] exwsy
=

LT < < A B S I
-~ N
e
o
"



268

Ho Yong Shin, Su Min Hong, Jong Ho Kim, Dae Y ong Jeong and Jong In Im

2413

207y
»
T

1

|

-
AN
{ | To)
N/'"ﬁ | \N%’%,W
X ) l\’ |
e Lor— L lﬁ*T

3
CTTT

(b)

(©

Fig. 3. Smulated results of the crystal shape and the melt flow patterns during the CZ growth process: (@) the initiad stage, (b) the
mid stage, and (c) the find stage.
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Fig. 4. Anadyzed results of the solid-liquid interface geometry
during the CZ growth process.
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Fig. 6. Influence of the additional insulation layers on the melt
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Fig. 7. Influence of the crucible geometry changes on the melt
flow patterns and temperature distributions during the crystal
growth process.
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