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£ % Bridgman-Stockbarger oA thermal screen® G &= A 2E WHE 6 inch B4 (CaF,) GEI S
< 93t atEAt. E o= poly-grain29] AT % cavity, 12l 3 solid-liquid(SL) interfaceE Aol &
4 91R2th. Graphite pipe®} ceramic warmer& AH8-3l Ad 3¢ 6 inch®] CaF, 232 A% d@F o=z JA3ich
ojrje) 20 2 mm/hre] AFEE, B TANA 9 14C/cme] 574, 2282 £7h19] conical tipoll Al 1324°Cel
L& YehRTE W& cavityol] o8] WAYE = light scattering 84S AZEEE A2AFIAY §9& A%z
A Aol g £ Uk

Abstract We suggested the new method of thermal screen in Bridgman-Stockbarger method to control the poly-
grain, the internal cavities and solid-liquid (SL) interface. CaF, single crystal of 6inch was grown perfectly
when we adopted to use a graphite pipe and a ceramic warmer in the conditions of growth rate of 2 mm/hr,
vertical temperature of 14°C for freezing and temperature of 1324°C at conical tip of crucible. The light
scattering phenomena occurred by internal cavities were controlled as decreasing the freezing rate to 2 mm/hr

and/or as adopting the rotation of melt (7 rpm).

LM B

Bridgman-Stockbargeri ¢ & @232 A4 & v
4739 ARCIF 1-9 AH)E Ak o] Az
g Z2F9 F2& s dd1-3]. 23 F4&
- AA9] ¥ do] wabA etch pitse. & FAYL 5 9l
£ dislocation density, A% W large grain ¥ small
grain®] Ao AT polycrystallinee 29] 4%, 1
glm A zF AR 7EEY (B € AVH 54 B)
Astz o A3l vehdA dch gutd ez m-9) A
Hol] Aagkoll tfsll 2 Z(concave)diAl BAH = 7
Polle 33 F240] EZ(convex)dHl HAE 5
7t S, ol A<} oo ie ARz A}
(zsh)7} dold7] W&ol ejuioly Y4 AF o]
AR5, AFE F=8= main grain 2o e
grain®] A& o] A& o] polycrystalline e 2 AJ3s}t

A Bk ©l2Q3 F4ol dislocationo]Vt HEE,
bubble 5¢| inclusiono] Z2olA] o EAE A 8lAl7]
€ 8] "}, EF 31-4 AFe] EZF(convex) T 7
$o $24e] 25 (concave)3HA Y, e 4%

AN ABNRZEE BA 1ol duBos 3

YAt wetx ARy o ey dYPsE & grain
o 93t polycrystalline B3 A& 4 gloy 23
]9 dislocation®]t} inclusione] LS glon, &
3 AP NNl twino] BAA|TH1]. widHo) 1-o A
o] flatdt A5l AP S s 55 LA
2, AFNREAA uirx] T A Tule] 42
A =7] d&el 71 o143 A AR el & 4 3l
. olE % ABEE AT 48 28 L polycrystalline
9 inclusion®] T} F Z$ETH AL APL AL
gl21, thermal stress& 44 A1, 31.

2 Y3EAF Y F730) S/ b -9 A



2EA A7) 6inch Y4 (CaF)AY A4S 1% poly-grain E WlH cavity Ao} 551

AL Ajojsr) 7t So)skx] A doH4). EdA 9] A7
o] A g FeldlN JAetaA ke 2R A0l F
7ol wel GAE = 23 5T Yo 2=
< EQAshe SX4(isotherm)e ARz waly
convex, flat 7123l concave FENE Zet)h S249
FelSt polycrystallined] BAHWAE 2837 AfA
27HA) Og3 e 7Pgol aTEn.

1) gdA9 A7 (R e E W3 260 mme] &
dA)e 23NN,
. 2) ARF7 vt 439 A (freezing zone)o] W3}t
A gon,

3) 23773 et 4RI AN FLF 8 &
%= profile® 2=t

Y ARG 29 el e FHsirt 3
e, 29 Tl FVETFE YoM ZF
3171 A A 9] AAstET AltA o2 WA o] FolX]
7] w&al, & convex§ T4 FAEH7] WA,
polycrystalline2. 2 434€ 7FsAdo] 3™, @4 F79]
Zte Aol E&40] convex T concaved Rl
4Tl 9] 7Hstel M AL flatslAA -9 A
AL oA o2 Aojsh= Ao] vl§- folElt.

ekt 739 AAS 2F A4S ¥ dn, 37
68 m¢l A%l single crystalline2 2 JFs o),
27 110 mm ©]’HH7% 110 mm, 150 mm ¥ 200 mm)
= polycrystalline® 2 4434 Graind v
A7Rol FINLFE AFRFA o Frlehs 2HE 4
< 4 AUk 53] A% 200 mm(E A2 Az}t
7Ved A1) 2349739 Avde BT Ol A=
9] graine] FAHUT, ZARYYeosrRy FAW
graing o= WA 2tA7] SAHAGIE LEEHE
graing & += 3USlu

2 dydae £8E8HL Y739 AFE n3E
e AdAAE o]83HA monograin, & single
crystalline® A3sH=d Utk £3 £ AFolNe 4
ko] dig] $Peow APFAA oujdre] 2%,
Z radial %74 (temperature gradient)S TL A
e WS Al F24AE flatdiA st ol& ¥
8} poly-grain® W3 cavityZ} Aloj=le AatE whabsl
oA Sk agn dFAe] 2PN AL ze
9ol A qA7E AHH R cavity Bl viA]e 4
%S the Ao} vl wsted s @sig ).

2. AlE WY

2.1. A7 6inche} BAGEH 4%

= 93999 Z4=E 90°2F non-seed E£7H
& AMg-8ta 394 pipe 3 El9] graphite coverE #-$-
£ e Fesigdd. AHeE W did 83429
WE2AY AFEE Fig. 19 AA s Y¥48¢:
granule(3~4 mm size, purity 99.3 %) 3 €& X231
3 =7 10kg® 2383 H7HA PbF,[5)(Cerac
Co., purity 99.9 %, <325 mesh )&= 922 1%2] 100g
< A7

FEA g HEF ST24E XTIV A AYE
Table 13} #& zzo= vy AYsISth. Graphite
covere AHRSEA] 943l ceramic warmerE AHE§F 73
$(sample NGC)& dA7A BHGEF 43 AHLH
ol whyolct. =g ZHAYA - AHL BESA
f=3l= £2 02 graphite coverg AME-8taL, graphite
coverZ & HAFH HPztzAo] o] FAR] F& A
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a : graphite lid, b : graphite heater, ¢ : graphi ible, d : Mo refl
© : graphite support,  : Mo baffle, g : support for graphite heater,
h : copper electrode, | : ceramic warmer, j : graphite felt, k : cooled puller ,
| ; graphite cover, 8 : thermocouple
Fig. 1. A schematic sketch of the growing furnace for
new method.
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Table 1
The conditions of three kinds for growing high-quality
CaF, crystal

Conditions Graphite Ceramic  Temp. at Growth

Samples  pipe warmer  conical tip rate
NGC X el 1330°C

GC 1 o - X 1327°C 2 mm/h
GC 2 o e}

\

1324°C

\
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Fig. 2. Vertical temperature profile under the condition
of sample NGC.
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Fig. 3. Trends of grain boundary of NGC and GC 2.
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Fig. 4. The profiles of horizontal temperature gradient
(AT=TC b-TC a). (a) NGC, (b) GC 1 and (c) GC 2.
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Fig. 5. Light scattering phenomena and scattering region in the condition of (a) Growth rate: 2 mm/hr, (b) Growth
rate: 3 mm/hr, and (c) Growth rate: 2 mm/hr and rotation speed: 7 rpm.
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& & ALk ol 7129 FAglo] AAF H(GC 2)
ol 20~40 mm FA A light scattering 8/F] LAY
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heating elementell 913 A4 =& AAHQA A o=
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