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Abstract: Calcium fluoride (CaF2) single crystal is applied to numerous industrial applications, especially for optical uses. To

have excellent optical transmission properties, however, CaF2 crystals should be carefully fabricated through liquid-phase crystal
growth techniques. In this study, as one of the early stage research activities to grow CaF: crystals with a good transmittance at

the ultraviolet wavelength range, computational thermodynamic models were provided to deepen the understanding of the crystal

growing processes of CaF2 under various conditions. To remove point defects and oxygen impurities in the grown CaF> crystals,

the system was thermodynamically evaluated to get optimal process conditions. From the reviews of previous experimental

studies, computational thermodynamic approaches were found to be an effective and powerful tool to understand the meaning

of the crystal growth processes and to obtain optimal process conditions.
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Fig. 1. Thermodynamic stable phases of CaF system in the range of
500~2,000°C under Ar atmosphere (CaF2+10Ar) at (a) 1 atm and (b)
0.01 atm.
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Fig. 2. Thermodynamic stable temperature ranges of CaF» phases as

a function of pressure with Ar atmosphere.

—_
—

bl =0l Ao e Wolx e 4 9= 1etstol

o o

f
® 2y

to N ot
o
=
|1

—
N
— 0
i)

Fojl A 0.017]¢4o 2 P& 7
Yasto] 17194014 2,113.07°C7HR] &
A+o] 0.01 7]¢e] 742 1,605.08°C7}A| gk
g 4t FAGH Ot SRl =
37372710 o] te Fagt 1At
| tiste] 23bda9] g2 Alatst
Attt A% 429 e
T 200 AAISE o

ol
==
=

N

o, Mo
T o
3
o>
12

J%H

19

o
L

o hu i 2
o
or ¥
o oo

T
o
o
N
L @
|_|-| 2

4
=
N
N
g of Pt
=
ol
el
|0
fru
2

o H
10
ku 18

ox
RaJ I

nx

=

oX,

ol

of

4L

U _lg

rZ

oo

N

o o
B)
22
1o g ﬂ-|'||I

1A rlo
0%
ol
ok
rlr
0
o2
!
e
ox
=
L

ol
==

Borr ol o koo Rrpr@ O

HU o|-_|
e ox

oo PBY 12
Y

—
e
to
L
o
=2,
o
Jo
i)
rr
[\S)
N
N
oo
e

o

r
ol
o
of
oX
P
.
Q
=
o]
=
oQ
D
3
D
e
=1
g
=D
=
=
o
HE ok
e 30 2 4 Lo g oz = o

to 4o k-l ro

rz
ot
ol
)
£
p~
|
ifia
P~
i)
D)
>
o

oo ol
N rfo o
Tl ox

of sk o} T =4 [13], o]o] chsh A
£0] 0.1% &-5-8 - (CaF,of8] 1%9]
<o) 31) 1712 L 0.017]% stolAe] graiAte
22 3(a)9t (b)oll EAISHCY. Holt AAto AL
D23 eEdoloq 2 8L T|Aos Exfjstoe A
2o7)e mAlstg oLt 2R L Bolao) ARy
ExatAL 29171014 U 5 Qlck. gelo] e

T4 A2 2 A AR wRglo] Aol

>

Bl

o
19 o N

r

~
o

2 L

o
L
L3 |
=

Mo oz 2 ox 2 u oxt 4> St ¢ O g S ojo 2

i
rlo |

oM 9] Eepbda9] g g2 =AIRE 2ol
o H 0;1
5

01 T T T T T

(a) Liquid region
CaFs(CaFl) CaFa(CaFh) CaFA(OXFL#T)
o
o
E N3
01 [ L 1
® S
= WF (@)
@ Hz0(g)
'S 2
3 " 20 Ca0 (OXFLE1)
A Cafh)
G
=
3
o
E
<

. . H, (g)
500 T00 800 1100 1300 1500 1700 1900
Temperature (°C)

01 (b) ' ' ' ' Li'quid
region
CaFz(CaFl) CaF(CaFh) 9 CaF:(g)
0 X
o
E i \
%n -0 // \
= HF (@ / \
3 HzO(g) 2 -
b= /ca0 | cao o
8 / (CaFh) |(OXFL#1) 7{@ ~
2 & 1“7 %
S 03[ & / [ovd 1
5 @ / / NK @’/
o / Y N ! o
: NV 24
< J %f‘ /””._:O "\' A
; Vg4 ¢ AN
05 . . . . /;” ] f g-*./‘ﬁk?( %2;\\
500 T00 900 1100 1300 1500 1700 1900

Temperature (°C)

Fig. 3. Thermodynamic stable phases of CaF system in the range of
500~2,000°C under Ar atmosphere with 0.1% HO vapor (CaFx+
10Ar+0.01H20) at (a) 1 atm and (b) 0.01 atm.
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