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Calcium fluoride crystal growth with multi-hole-crucible
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Abstract: By using a multi-hole-crucible and a furnace designed by ourselves, the CaF, crystals were
grown by Bridgman-Stockbarger method under the vacuum condition. Under the growing condition of
the vacuum below 3X10 * Pa, the axial gradient in growing zone about 1. 8~2.5 ‘C/mm, radial gra-
dient below 0.5 C/mm, growing velocity of 3~4 mm/h and pre-annealing temperature descending
velocity below 20 C/h, 7 ingots of CaF, crystals with size of ®57 mm X190 mm were grown in single
process by melting, scavenging, homogenizing, controlling velocity and pre-annealing. The results
show that the grown crystals with a wide transparent band have a good performance from 190 nm in
ultra-violet to 9 000 nm in infra-red. The transmissivity is about 81% at 190 nm and 83% at 9 000
nm. The rate of mono-crystal is about 80%. The dislocation is about 30/mm?. The proposed equip-
ment and technology are suited to batch production of CaF, crystals.
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Fig.2 Crystal growing furnace

K T Se kv il A AN SRR Sy R E it el
RO ORUE T A d M i T 3 i AR e kL B
h<<0.2 C,
2.4 ZWARE

mn AR KRR R AT IR s iR
P RETAE S G MR IR Z S5 e R A SR A
IR A & bk Z % W EUROTHERM 818P
R R AR B SHINKO PC-935-A/M i
PR PTG W, CaF, JER 4l Sk 99. 95% ,
BRI PF, 4fifEh 99. 9% . BRI T80 IR & )G ik
A ZAURH T AR K

mn AR K S0 H A R AL B B — 1R
AR MR S R . B RS 2 F
B

FHAE R H 00 R T 28 B i o SR P ot B 12
HALEE 53 A il 4d Olympus BX-51 St 2% B {3 58 W
W BHH . FH Shimadzu UV-3101PC 74 48 ) 1] I,
B F Bio-rad FTS3000 4140 3 1% A3 K I 3 i3
A R T 3 mW S U0 #5% il B W 58
JURT (2
2.5 HKAFEHER

AR CaF, kM Jrik 24 B-S ik iR
TR .Czochralski 3 (H 33 . TGT # GE#
P&, Hh TGT kiE & T4 K m B Y fb 4
B R RS R R e R .
Czochraski E3E A F 42 K o /N ROSF 58, B 02

HAEAE R B R . A SR I 2 AL AR A3 Y
B-SEEARKHER F I TGT 3%:Ht, 5 Czochraski
B EA — W Z i ®. X7 H
B-S k4K KR SF CaF, , i1 F 2R KOE B 7 s
LR < (P TEI:/ G SN NS i v L S TT= ) [ B (7 S
K T 22 LA M 305 14 107 T 5 A T 3k S8 e L X e
INRGT ) CaF, @R py it it A= 7= 2 LE K,

3 &R5#®

3.1 EYEREE

LR A H 1 A AR AT T R A LS L R IR
AT 3 mW S SO A S B 7 AR L
TR ERIF UG TE 20~30 mm A& 45 A B 58 50 T
FRALAFTE 30 ~ 40 mm 72 A7 (4 HUSS 6 AE 305 A
A CaF, SR ATIE 3 iR

K3 AKHK 57 mmCaF, fhik
Fig. 3 ®57 mm CaF, grown crystals

3.2 HFEBRENMESN
TE SR PR RE L UE (111D ) BE T B 2

(IR % R

Fig. 4 Dislocation of crystal



10

VR %+ 45 - 22 AL AR AR IR 5 dh 1A 1477

10 mm X5 mm X2 mm I9FE 5 B0 PR A KT R
JeHEFIE . 0.2 M BRBR R 40 min J5 #E 47 W
B, RS RWME 4 ProR, M HEARN
30/mm® A BT R AL
3.3 RERENEIRSH

A K A7 B9 A B 10 mm X 10 mm X
4 oo W T A0 G B RE AL EAT B A R SRR
A, 190 nm b AT KA 81 6 A2 A7 (i i K . [l 5 BT
IR EE AN BT IR I R B R
B 6 Jir 7 B £ 81 DX 5 ik 2% il 26 1 A2 06 W e 06 L
13 9.5 pm,

100

80/,,«—' L]

60t

7%

40}

201

O n 1 1 1 1
200 400 600 800 1000
A/nm

&5 A ] i AR
Fig. 5 Transmissivity in UV to Vis band

5% Lk

1001

X
=
Bl 6 £L5hEE R
Fig. 6 Transmissivity in IR band
4 4 &

K FARR B 2 AL IR fE LA O
3X107° Pa, flim IR R I 1. 8~2.5 C/mm,
BB EE<<0.5 C/mm, K HE AN 3~4 mm/h,
IR KRR R R 20 C/hy IE B AR KO B U B
<0.2 CHARKEZHT PR ARKE 7 )
®57 mm Y CaF, ik, 13 i 3 4540 i eie st %
e R MR E it 25 A4 K
REMRSE . ERK W CaF, 4k &
BT LR AT 3K 80 %0 . A4S 4 2k 30/ mm”
M 190 nm F| 9 000 nm it R 47, i %4
X, #£ 190 nm 4b i i 6 A] ik 81 %6 . i /& MR A
O N

[1]

[2]

(3]

[4]

(5]

WESTERHOFF T,KNAPP K,MOERSEN E,etal.. Optical materials for microlithography application [J]. SPIE,
1998, 3424 . 10-19.

SENGUTTUVAN N, AOSHIMA M, SUMIYA K, et al.. Oriented growth of large size calcium fluoride single
crystals for optical lithography [J]. Journal of Crystal Growth , 2005, 280: 462 — 466,

FACH R Je MR Fak. RIS SR I HHR T Bk A K B9 LI, #5520 90,2004, 34(6) : 467-469.
SHIML, LUBL, XUJY. Large size fluoride crystals grown by Bridgman-Stcokbarger method [J]. Laser & In-
frared , 2004, 34(6): 467-469. (in Chinese)

HBERLEARE,HEHF. CaF, IEMAER SR (] AT &4k 53,2004, 33(1): 88-91.

SUBL, DONG Y J, YANG W Q, etal.. Crystal growth and optical properties of calcium fluoride [ J]. Journal o f
Synthetic Crystal » 2004, 33(1): 88-91. (in Chinese)

MOLCHANOV A, FRIEDRICH J, WEHRHAN G, er al.. Study of the oxygen incorporation during growth of
large CaF2-crystal [J]. Journal of Crystal Growth , 2005, 273 629-637.

PEE T A VR (1971 —) . B i ARk dE N DA Bt rp ) 2 B K A Ol 2 0 4 LA 5 0 B 52 O B T 5 4 R

FaF R A K M MEREAF SR T B9 T/E . E-mail: aopusyh@ yahoo. com. cn



