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Conditions of Skull melting system for rutile single crystals growth
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Abstract Skull melting method can be a good candidate for growing oxide single crystals with high quality and for mass
production because of its low production costs and high yield through recycling of crust. In this study, rutile single crystals
were grown by the skull melting method and ingot characteristics with the variation of different growth conditions has
been investigated. Conditions for high quality rutile ingot growth were used for producing cold-crucible size of @12 cmX
Hl4cm, capacity of 3000 pF tank condenser, work frequency of 2.84 MHz, melt-dwelling time of 9hrs and growing speed
of 2 mm/h.
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WiHolw, T3 ingote] MARE-OE ARI|GFEo] A9
100 %ol 7Hg7] wiZell wi-¢ ZAA ozt &
ATH

2. HE YUY

Skull meltingA]2~§2 Huth-Koen 2ZIWAlo 23 &
F 2 FoE 118kW, 1.89~7.82 MHZZFA] &87FF
sl AlFetiy. 2859 tank condenser®] &%
(500~3000 pF, COMETit)at Zde] ¥ (2~3 turn) £
ol 23] o8] WS BT F U=EE S WA=
7RAx2El 9] 87F3A] (lowering system )y 0.2~19.3 mm/h
THA A3 - AR 2EE £ UERS AA A=tEa
T miE Sk IR0l uE Y ridEg
< 7] 98 5, /R=02~1.2} He 1S UEse=
@12cmXHl4cm, @9cmXHI12eme AZ T2 F 7H4
79 7S AA AZsid 2432 W8Tt Table
18 2 AFE 93 tank condenser, F3F, W=7
2 work ZYe 2AEC|It). WzA2He] WzZkE ¢ -
7 25w 3°C ¥R AAHNCH, WEY] A} - &
T IFIFEIE7| Wz - ] *EAS
YA Fasle] 4RSS AEY F UESE s

E A8 AM83 98E TiO, ¥ (anatase phase,
3N, CERACH) 71& Adolx A3 ingot(rutile
phase TiO,)8 ARESIATE. £45} ingotd] TEAIAE 9
3 Ax7I6A 2477 AxE] SUAEE AREIINS
o, 2 &9 583 FEE AXA Iy FHdEE
B ingot=2:39] Hl&o] HA I}IOH, 012emX
Hl4cm® =71 ARE Al TiO, % 1.0kg, ingot 1.5kg
2 & 25kg, 09emXHI12cm® =7 AR Al TiO,
powder 0.8 kg, ingot 12kgZ F 2kg& TSI

Table 1
Used symbols and parameter values

Symbol Analytic Valuel  Value2  unit

Ce tank condenser capacity 500~3,000 pF
inner diameter of the

T . 9 12 cm
cold-crucible

h, height of the cold:crucible 12 14 om
(inside)

Ny number of cooling fingers 28 ea

d. diameter of cooling fingers 1 1.4 cm

T, coil windings 2~3 tun

d, diameter of the coil tube 1+a cm

d; inner diameter of the coil 14 18 cm

h,, height of the coil 45 6.0 cm
length of the coil tube

L, c é‘:}; i+ do)) 88.6 137  om

f working frequency 2.13~7.82 1.89~6.95 MHz

A8 F32 ingots Az BLd TS H W
T BHEERE 13 o7 B F 2] HEE
B Ti F5HEAE 0 60mm, WA ;40 mm, FA
2mm)yg 7heH YA oA 9EE 2 $F
sl 95 FXlo] 959 ¥ =/ E work IYe
Zoo] AT AFH BIE 8 308 5 AE
3 I WAVI2RY AEE vtete
YEE &8 AT DA gL 7] F2o 94
Ag 98 2~M7F B9t 8
2mmhzZ YA FEE f
For, 2497 =Fde g9 2x WS FA &
7] {3t FFHHES G AT, ARGl
A5H T HEFHE FINTIL A WA 7R
ZHE ingotE E2I89 . Ingote AE Y& WZI=r}
AR 2 FHFAA o] w2 PE Blast F
A9 rutile HAY HAZAE SHIAU
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Fig. 1. Comparison of electrical resistivities of alumina, zirconia
and titania with temperature.
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2N 12
a'N
- _aN 32
9 + 107 3-2)

71M, fe FIG(Hz), LS ZAF(uH), CE tank
condenser §(pF), LE FYZH(uH), ax= IUHAE
(inch), N& I ®(tum)s, £ IA=0](inch)t}. Table 2
= MZ th2 tank condenser®] £jA YUl 7|7}
OldcmX H4.5cm, = O18cmXHécmo|H FHUe] #
F7F 23| 4 o 9] & Gl s AL o) EF
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g vwgk Aoln SHE Fu 3 JAagge=
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Ve, °l tank 32 2 work T JEEA
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wehr] AZAR] FYU9] inductance= AFe o3 2
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Table 2

Experimental and calculated values of frequency by various tank
condenser capacity and coil (gray color areas show experimental
value, unit : MHz)

Gl4cmX H4.5cmellA 281e] FYS 0.83 uH, 381 =Y
< 1.86 uH, @18cmXH6emd w 281¢] UL 1.05 uH,
3819 FYL 236 uHE 16 % 3718 g g AXENA
ok oA A (3.2)2 okfet Zo] tA] & 5 3l

aZNZ N a2N2

L= 16 % 33
9at10/ 9atiol 0" (3:3)
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Fig. 2. Family of graphs for penetration depth with different
frequencies as a function of resistivity.

Table 3
Variation of frequency and penetration depth with work coil, turns
and size as a function of tank capacity (unit : f (MHz), 8,,. (cm))

Working @14cmxH4.5cm ?18cmxHé6cm Working ©@14cmxH4.5cm ?18cmxHé6em
coil coil

Tank 2tum 3turn 2turn 3turn Tank 2turn 3turn 2turn 3turn

capacity (pF) cal. meas. cal. meas. cal. meas. cal. meas. capacity (pF) f Ope [ e T e T Ope
500 842 7.82 565521 749 695 4.99 4.63 500 7.82 1.80 521 221 695 191 4.63 234
1000 5.96 553 397 3.69 529 492 3.53 3.28 1000 553 214 3.69 262 492 227 328 2.78
1500 4.86 4.52 324 301 432 401 2.88 2.68 1500 452 237 3.01 290 401 251 2.68 3.08
2000 421 391 281 261 3.74 348 2.50 2.32 2000 391 255 261 3.12 348 270 232 331
2500 3.77 350 2.51 2.33 335 3.11 223 207 2500 350 2.69 233 330 3.11 2.85 4.07 3.50
3000 344 319 229213 3.06 2.84 2.04 1.89 3000 3.19 282 2.13 345 284 299 1.89 3.66
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crucible : 9 cm, working frequency : 3.91 MHz).
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