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Research on the sapphire mono-crystal growth technique
by kyropoulos method
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Abstract; For studying the effects of technological parameters on sapphire crystal growth and quality of the
sapphire, several modifications of technological parameters were made on self-developed Kyropoulos furnace
during crystallization, including the adjustment of flow rate and temperature of cooling water in thermal ex-
changer, and the descending rate of maintain power. It was found that the cooling intensity of thermal ex-
changer influences the crystal growth obviously in the stage of seeding and shoulder-expanding and the influ-
ence weakens gradually, while the descending rate of maintain power during the stage of iso-diametric growth
has a great effect on the crystallization rate and the quality of the sapphire. Too fast decreasing of maintain
power will cause the failure of mono-crystal growth, so that the proper adjustment of cooling intensity of ther-
mal exchanger and the careful control of maintain power during crystal growth are the two important factors for
successfully producing sapphire mono-crystal.

Key words: Kyropoulos method ; sapphire mono-crystal; water cooled thermal exchanger; maintain power

a = ALO; gL (AR A1) BA 5 LED &
et SR AL LI b (A 45 ), AR X AR
1l B AR S AIG BA o A 8 el LA 24 R LED
O T N P foe R AT R A L. A R AR
il & INERZ AL R TR E AT (B
JEARG 5 RORSE AT T IR R i, B A7
LED o R HE 547 5 b (19 15 1 5 56

FE B HA: 2010 -01 -25.
YEE AN XIIE (1962—) , £ A, PRI

R W Demina S. E 45"~/ ££ 2006 4£ 17 it
SO B BT AT I A R 0 0 A IR K B e
LRSS, Il i e f R A K R &R AR K
SBCHS SR AR 58 A A I I T 285 19 O ik R AT S 3 3
E, AR TS5BS LT 58 2 A a3 Xt
FEMA TR R T A A AR A KR 5 T2 4Rt TR
8 RELEE 7 1 R 5. 1T £ 5 2= Pryroda TREATFRZ
) ( Pryroda Engineering Ltd) W JG5E 2 7k fb & 72
H{UREERP NI NA BN IS 8 gt oL O € S W11 B S 5 5
FAHE A AR 2009 AR E A R AE AR K



- 146 - R B L

FA43E

200 kg [ 5207 RO RR

M2 T, RETEZOEE 7% G W T RE
B G R AR BR A RIS | RS Bt AR b i &5
EEAE EHETT T 24 A Eu0E X R AR K T
AT T BT RRGT T 1A 30 kg P E
A R AR AL T P 5K T H B TR LR
A A AR A K D AR Ak F R
AR WL E A 25 HAl L 3 JLAE A B 48
bl Bp U= W Eb NS5 $7 0/ 8

ki /N AR Z A I S0 5 [ B SE 2E /K- 1)
ZERE AR AT R T AR R T A AR AR K
B, XS R A KA R R T A S BB iR A
KR g T 1R

1 R B

1.1 &%

EATHE & BT SR A R s i B B )
i 30 kg, AR ARL . AZS RS KRR
I R G AE IR R I R G L,
DI AIRI R 5.

BRI B T SR AR (s P i DA iR 2 0 A1 T
UHES =t W ok (A =T < EA WA R 1A W= EOR N
5:Q© BRI E gk & e BIGE
R ISR S5 14 5 ) DR U 7 JBE B2 g i b A
b fht A AR 0 A DR, T AR X T B
AL T 40 B SCAE AT ) B R ROUHGE EROKYS
FF AR PSS i ) b S RN O Bty o 315 B2 AR X
BRI .

BATHE A I A R AR K g sk an &l
1 iR,

KK

— 7 KA HLR

V2 KF

E1 asESprEsi
1.2 FHik
KA H 99.999% HyEr 4l o — AL O, Tiiks
SEIER}, B HE TR N, PRI B AR N
R Ak
JEoRhE Al A IS, T b I 6 8 9 A
T P R 0T 6 R 2 050 °C, PR — Bt

I [E], 155 A A P9 2% AL BE 23 Al B T AR 2 I, R REK
VOAF AT IASCH AR , (AT 1 i 5 R 3w
OBl CAEFR T AR ), K S5 TR A AL I 55 4 A T
W, TEAFSRAT N OB ERVE 20K OFE TR A i B 1)
R VA LI i DA A o k1 ) A 4 B[R] IS A2 )
PR i) PU AL AR R (PR ) L D 1 ol (A R PR A A2 1]
PR BRI BE 7R B B 2T 2 e A 1)
EPRRAT T

P I A B A, b (A A2 1) 7 2 3 31
Sy RE I DR e =2 e VA 0 T 7 1T 39 PR BE 5t R 22 (1]
T — A FRREERT, 48 B AE 10 mm 7247 BEJ b
PRI 1] R A SEAR K B B, LB BE— BOC S e
FABERL AR IR, BRI LR RN B TR S
K.

A KO BT —8 B — A Kk —ilk
R, HEVERHAETEEE LI i

2 mEIZAMHM®E

— BB E AR A R R A
PR AR A RE DR UE AR IS 5 4% 1 W 54
R0 T BERE BBE A 261 AR TR A A A I RT R Y
TR RSO KPR K I i )
GK R @) IR g Dl A CHL B w3 B 2 25
A ) -

2.1 MRARIHBKRER KB

KV HF AR A 1 BUZR AN SN K V8 4 4
JRORF e e BORF i 3 IR, AR 2 BT 7 it
Je Ao b 21 [ S K iy A% S R G PR R AV D
IR Z 1] R AL 22 A 1 .

RZ KA

b

E2 KEHREAXKRE
TR R FH AR A5 25 VR 9 7K 2R H AL Sk 0 9
KA H A, K R ASALEFE A 0.8 ~2.0 MPa
KR VAR R B & RS /KBRS B, 845 Y
20 ~30 C 85 b ARG 7 R LRSS SR A K
Tt e S AR AR A AR K A5



53

XUREA, A5 WAk 5 A

AR T4 R - 147 -

R KB -

1) HABSEAEAAS 6 5 17K it MoK,
A A A A e R

2) B IOK i R AR S, A TE [R]—
A 1) A7 FE AR 1 A A AR iR

3) TERUR ARG , B R4 5 i 7K I e Bl
TR, SR HG LU AT 2 (4 2 %) F
TN ST R S SR | e

4) —E BYKIR T S — R B K U A
8

SRR AR T B TR B BOR S8 A8 N
FOKHE(L.0 ~ 1.8 MPa) LRSI HI/K it & F %
W FREUKIR (30 ~22 °C) (907 2 304 Al IR FE L
BRI R AR K
2.2. NS TR M

S MU S LN ES 54 A S8 Q& 9 I NG S AT Y o e
TR A H AR R A S AN 8 1 (s I ) L T
AB S 23 5 B0 A b A AN ) il AR S F T
ZAUTEY A ) N A e i Al B ol 1 5 B
TR 53 A1 55 AR AT Sl 1] 1) T A K 194 38 R 3

AT 438, T B LA R LA A

1) LN 2l AL O, JFURSE RS, &
PURAERFINAIAGE O, T IRBUL AGE Q. XT3
i A AT EE s G

Qi > Qo WEAIREE T

Qi = Quu» MRIRBERFFAAL

Qi < Qo AR EET B

sty A A S 1 819 e AR R D 3R s
F I PG AR 191 7305 JRE R e B B AR A A
RE MM B b T ek AR IRLEE T 5

2) P RSs K il TR e R
2 R, R I A A B DAY L R T v T 1)
EO EARE @, TR o A, A 3(b)
t&m}%fﬂ“ﬁgfgggfi%%;

3) B A AR AR A T T PR
HEAR R AR, — FBCFE ) i R 2R R A
HZEAE UKL mm/h B 9%, S HICTR
T AR L 45 il PR A e 1) 3t B2 B ] £ 42 £
B3 (b) 1ty 5 g Z I — LM E TR 5

4) Ff b A ST A A AN B YK v
I i PR A I PA S AR 3 e BT R
DA - 24 S 4 7K A8 O i K i 08 L 7
FHOR I HIT IR, AT AR iy B i L £, D AELRL 5

B3 R DL IR A5 1 2 25 S0k 1 -
2 13T As Hh A 3 P AR AR RS T — 3 5 1T
Iof )T B i 2k (18T 3 (a) ) FIIHESR YR i i
K VR AN R 18] B33 53 A1 (P 3 (b)) . B 3 (b)
Ligr 2RAT DN ) — 2L BRI AR R TE AN [] A K B BEX
LA AR A e b TR RE A dd AR ) R ARG
o (7 A B AR EA i 19 20 R D 230 G R A PR
E AR B AL ZERS , T AR LA RS A
H RS 2T FESE .

P 4 S i VAR AR A ) A B ZE R D) SR AR AL RS
TREE 0 A e — [ B e 2 R 2.

i H

(a) [ — Y 5 THT BT 18] % B i A= 1

R ¢

L yei T e

(b) HEANL b ik SRR A8 1k

B3 mEERKSHRMHE LRERRENEL

m

(a) HERFEIR S 5 AR (b) HERFRRE NG TR KRS (o) HIRMRIR M T S i K
B4 RAGERINENBEERITEDE - EFRENZIME



. 148 - MR oW OL Ok ok % %O

FA43E

FH Pl 4 AT

a) AERFDNAT R B 5 R A AR R A
L, HEIRRE . B — R D R, Jefe ol
B B T

b) HERE T AT B BRI IS T A A
ISR AR NAETE R I, S IARTE X FORES T A
REFREEPEAE K IRAK B T

o) AERFDNAT R BB T A A A U
JE AR 1] itk JBE 3 A1 AR S e AR 25 5 100 S At
B, A BE S BCR A A K AR I

LS g AN [ B 220 s A P A8 1 il B8 0 A1, Ht
YRR T R BT b AR A R, e, I s
MR ih k= WOTRLEE 73 AT 2 1, B ¢ I 2 8902 D o0
150 S GAR BRI B I3 A1, 8 PR N AR 3 T 1) 4t 4 A
TR PR R AR R AR U, AR
AR SR EN R

AG = (- H/t, ) %t

i AR A A A BT — 9 A A 1] AR
Hh B RO B ZE (EE U B HE R BE ) L AR K
B B, A R R, SR HETE T A AT R
AL B IR BRI B A I A AT

PEIX PP EE Y o AT, Py ok £ 2
T RF AT ARSI i T I A Oy o A BE
S SR EE A RIE A ) 3, T — HIAE A &
TR S, 2 I BE R A R A K R
SR DA b BRI IAT A% O G I 1] 1B A
PRI AL Ry DT 39 B i) O AR 22 A KRR
PN G NI PN

A [ T s
<}%Mﬂ§%ﬁ

11<t<Ls

Hrhg BRI T

&y I A

BS5 fRFIIERTRIROSECEEARED) TEE
3 &% #
1) AR SR A K BB T O Sl i

SR DRI I SR i RS Al — R B
N2 D7 1) AR v A 1] AR A g 1) L E 0 A
s

2) FE5|EBUR Brie, it Seiz A2 Tk fh A
B st Vo B f2 P AR 4 BRI B , T RASR I
AR RIS R B 7, ELSC R T BE f (A 9 1R
T o, 38 300 S5 A A A I b Ul LA 4 45 0 6
IEEA REME M AR S A K

3) FEAFARAE KB BB R R T 4R R DR
L AR DR T M S R R AR K
FHIE L, ACHRAE (oo B vl A 4 38 A g U1 5 1 A
K PERIEE .

5% ik

[1] DEMINA S E, BYSTROVA E N. Numerical analysis of
sapphire crystal growth by the kyropoulos technique
[J]. Optical Materials, 2007, 30; 62 —65.

[2] DEMINA S E, BYSTROVA E N. Use of numerical sim-
ulation for growing high quality sapphire crystals by the
kyropoulos method [ J]. Journal of Crystal Growth,
2008, 310.1443 - 1447.

[3] Rubicon Technology Inc. Rubicon Grows Giant Sapphire
Crystal [ EB/OL]. [s.n.]: LEDs Magazine, [ 2009 -
04 - 20]. http://www. ledsmagazine. com/news/6/4/
14.

(4] VirKifE, 7280, by, 45 v O TUR MU SR R
ROF A B R S R RO e [T ] AT A
2£4 ,2006,35.976 —983.

(5] Vil iANA, sk WA, 55, SPAMAC ¥E/E KIES A
ARG BT L2 T SRR [T ], TR kL
#2,2007,22.344 - 348.

(6] VR, SKIWIHE , d KA, 45 S0 A PEREXS SAP-
MAC 32 B A S BB A [T ). i A3 <8 Jes A
5 T ,2007,36:452 - 456.

(7] ViKitE, FARES, 54, 45, SAPMAC JA 4 KRR RGE
WEARERERILT]. FERER R, 2009, 28.
186 — 189.

(8] #N4F, TR, LA M. AR s AR K i 52
HRILAN L) ], A M S A%, 2007 (9):
11 -14.

(9] ZE50, WRiR oM, MR 6 AR, J0LAE v & Bt i 55 A S IR 1
WrFE(T]. N T AiA~#4f 2008 ,37:877 - 880.

(10 )2 PRAR. R e Bl [ M) b HUB T
Jikt:,1982:69 - 75.

(% W)



