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A study on the growth mechanism of rutile single crystal by skull melt-
ing method and conditions of RF generator
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Abstract Ingots of rutile single crystals were grown by the skull melting method, and their characteristics were compared
in terms of melt-dwelling time for each melt. The method is based on direct inductive heating of an electrically conducted
melt by an alternating RF field, and the heating is performed by absorption of RF energy. TiO, is an insulator at room
temperature but its electric conductivity increases elevated temperature. Therefore, titanium metal ring(outside diameter : 6 cm,
inside diameter : 4 cm, thickness : 0.2 cm) was embedded into TiO, powder (anatase phase, CERAC, 3N) for initial RF
induction heating. Important factors of the skull melting method are electric resistivity of materials at their melting point,
working frequency of RF generator and cold crucible size. In this study, electric resitivity of TiO, (10°~10" Q-m) at its
melting point was estimated by compairing the electric resitivities of alumina and zirconia. Inner diameter and height of
the cold crucible was 11 and 14 cm, respectively, which were determined by considering of the penetration depth
(0.36~1.13 cm) and the frequency of RF generator.

Key words Skull melting, Ti metal ring, Rutile single crystal, Penetration depth, Cold crucible

2A8g o) o3k F9 2A A ALSET} RF generator 27100 #3F -

My, 232

Atk BAFE, U, 520-714
AT ATAE, A&, 133-791
(2005 6€ 28YU HF)

(20053 8 12 4AIRER)

2 o »UEEud o9 U GRS 4IRS, A2 OE FA9l 900 B ingore] FHE e
th 28858 e ARAAIIROA SJs) 4717 B2E golol APfEsde] 24 s, H9E RF UA ] S

AP TiO,= 2o e FEACAT 257t STAFE 7] Mxdo] F7kert. watA, 171 RF fr=712< 918l
HEelw 2% 1(9]7ﬂ 6cm, W73 : 4em, T4 : 02cm)g TiO, EL(CHIEAZ, CERAC, 3 N) Wil &3t} _é%%

of g 2tstE &8l vie- Fad e FHAX A7) A 3, RF generatorrl Fob 283 YAEr A7)t
2 AFeAE, T1024 SN A7IAZ(107~107 Q-m)S LFHL107 Q-m)9} A 2107 Q-m)2] M7 b
olHE nigow FAHSAL WA=/ WEAALLS 1lem, E0le 4emPAom, o]RAL FFEZ0](0.36~1.13 cm)9} RF
generator 95 JLE] ko] AASHATH

LM 2 (Ti0,) A 472 of2] 7K o= AeHA 3l
oh AA 7Y EA A AR Verneuildol #

ig 2H8&(n, =2.616 n, =2.903) B FF =), & Oy ZEETF g B Algte] ofHi
% ]2 23| optical isolator 2 beam displacer Ad A% 5 579 o3 Z2AFFE At ks [1]

I e FIAEAY] SEIEAVE v & FH ek B AAE Zte Hadse] BEA Aol
o] ZoR HIEI Ut} o]F Healr] fla]

*Corresponding author o CZ(czochralski)f[2], EFG(edge-defined film-fed
Tel: +82-61-330-3242 growth)i[3], FZ(floating zone)HJ [4, 5], PD(pulling-down)

Fax: +82-61-330-3252
E-mail: seok3242@msn.com [6]F 5ol 2oy, FY AR e dHFar|E A

o




176 Jeong-Won Seok and Jong-Koen Choi

& & e AdeMe] v e s FAE

2w Fhyzte] waEe] oIzt

4 Els
AEo] e FeE A A1) WA o]E W
ot A3 A8 wEA ALk AFsh FhAd o
oj#]e Floz AlEHT
2 A e FE @2 73S 218 skull melting
HE o] stk o] W W7k =7k (cold crucible)
el crustl] ©J$t ZA] =7 Y (self crucible) AY/dol]
og o] 7hsstal B2 we] AR
< A A F A= ZHol stk Skull meltingH o]
sk AR el o] AdFer Hd&std d+=
FHIR| 250K cubic zirconia)[7]EH °l& B A7}
=0 A3 9 48 AAES 9k RF generator
2 =7R]ol thgk HolEle AAFSRE SgEe] Urt.
FHAZ257YOLE skull meltingHoZ 373 A4 4
E ol §HEQ750°CI v A71A3H1.0X 107
Q-m)[8] 54 YeR7] wEeld ol f=rtdel 9
d AFS wolse] oFdfF(eddy current) =Ao] WA
sb7] wjiEoltt. obdR &do] WAl =W 59| 7}
g 9 TR oA Fgst §AdEE fA &
A Hoh S8AI7IA sk AkSlEe] aL2elxe] H]
A&} (specific resistancey> AT FE=rtEe] o] j
$ ZQ93lt}. 2 o]+ vIA Il wlel RF generatore)
Faret Wrher el A7)17F AR Eoof 617 wol
o} Tk HiA el mE AHgt Fapel Wzkerhe]

generator system

1
1
1
| work coil

1

I

I

I

1

1 1
H(power supply & oscillation al crucible
1 '

Qut put power : 35 kW, 1.6~3 [MH

1

I

I

1

I

1

I

cold-crucible system

! 7

lowering

1~10 mm/h

7] 4780] 94 &S AT dEE E8ANE F AY
SEEHE FAE P FAISA Eatar WzER
2 9EAS AANE F gA " g 2lslEe]
735 §Holx <] BIAE} vlolEl7t Bars|o] A o,
T8 3 vz et

mEba 2 Aol A e FEE| BlaA #2049 HA
3 dolHE nigo® FHoIxe] HIAES FAst]
skull meltingS o]&3 ©AHS AZAF7] S
generator®] FuF AA 2 WziwErhg A7)0 gk b
olE] SYS EHOF 33t

2. Alg gHH

Fig. 12 X A& or AL8-3F skull melting system2]
EAE "9 A0 ZX4 RF generator system, cold-crucible
system, cooling system®] 3F-EOF FAFo] At} RF
generators 1.6~3 MHzZHA| 2% o] 7Vssht £ &
oA HIAE G20l mE Fa IFZlolE st
of B A3oMe 2 MHzE &3t 97 =7ME
Fo ZF Aol e HUf 282 S8 SREFA
ol/=7h] WEAFe] Hl&)o] 0.2~ 1.27F H&= 2718 7
SA7171 98l =i E AA Ao, Wzt W
B2 358 g JeE FHE AMES) finger RYSE A
2519t Cooling system®] E37](heat exchanger)
= 5°C HAE Fol AAAZE st A AEAEE

cooling system

cooling

1

1

1

1

H water
1

1

! tower
1

1
1
1
1
1
|
1
! tank
water flow out —
]
1

1

1

! I
<«— water flowin

——{wam] motor i

heat exchanger

Fig. 1. Schematic diagram and pictures of the skull melting system used in this study.
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Fig. 2. Comparison of electrical resistivities of alumina, zirconia
and titania with temperature.
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Table 1

Used symbols and parameter values
Symbol  Analytic Value  Unit
I inner diameter of the crucible 11 cm
h,, height of the crucible (inside) 14 cm
h,, number of cooling fingers 28 ea
d diameter of cooling fingers 1.3 cm
n, coil windings 2 turn
d, diameter of the coil tube 0.95 cm
d; inner diameter of the coil 16 cm
h,, height of the coil 6 cm
f Working frequency 2 MHz

Fig. 5. Design (a) and photograph (b) of the cold-crucible.
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Fig. 8. Photographs of cross section of the ingots grown by
controlled cooling after keeping the melted condition for 2 (a)
and 9 hrs (b).
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