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Abstract: Calcium fluoride (CaF,) crystals have good optical properties and chemical stability, and are often used as
substrate materials in extreme edge optical window scenes. It is noteworthy that as one of the key properties of UV
laser window materials, the radiation damage resistance of CaF, crystal increases too fast due to the cleavage effect,
and the actual damage threshold is much lower than the theoretical value, which cannot meet the needs of UV
high-power laser devices, and is the main factor limiting its application in high-power UV lasers. In this study, material

composition design was used to introduce F; by doping inert rare earth Y**, and the cluster effect between Y and F,
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was used to increase the bonding number between the cleavage planes, so as to enhance the interlayer bonding force,

reduce the cleavage effect and raise the damage threshold. CaF, crystals doped with Y** were prepared under the same

condition by using a porous crucible, and their optical quality, mechanical properties and thermal properties of the

doped CaF, crystals were characterized and analyzed. The experimental results show that appropriate amount of Y**

doping has little effect on the optical and thermal properties of CaF, crystals, such as transmittance, thermal expansion

coefficient and thermal conductivity, and does not affect the performance of CaF, crystals. However, the influence on

mechanical properties, such as shear strength, is relatively prominent. When the optimized doping concentration is

0.36% (in atom), the shear strength is increased by 68.4%, and the corresponding laser induced damage threshold of

Y:CaF, crystal is increased by 166%.
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Fig. 1  Structure diagram of porous crucible
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Fig. 2 Structural properties of Y:CaF, crystals
(a) XRD patterns; (b) Raman spectra; (c) Twin swing curves
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Fig. 3 Transmission spectra of Y:CaF, crystals
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Fig. 5 Thermal properties of Y:CaF, crystals
(a) Coefficient of thermal expansion; (b) Thermal conductivity

1033
535
’2 L CaF, 32 32
30" 0.23% Y:CaF,
= L 0.36% Y:CaF,
S5 0.46% Y:CaF,
% < [ ™0.56% Y:CaF,
S20}
o 17
S15+
§°0
= 10
8
= 5
2
g 9 A A .
3 Y concentration / % (in atom)

6 Y:CaF, dh A& MO 1 A
Fig. 6 Laser induced damage threshold of Y:CaF, crystals

RN BUIDER o (A B = N (R Rt g R R S N
BN . Y B TH 243 CaF, Hh4 5] s s 2
FEREAN, MMTFRRER. Y5 Ca B T4,
NERNFREMEARK, Y B LB IKELE 0~0.56%
WWHIAN, RS RBMRIEEAKR, Ak A
i MR
25 HR{hERE

WO B & KA R OB R BB A B bt
POt N EES &, BOtiEEN &S EEb &
1A 5T P R B T R AL T e A R AR . A
JoR AE H AL TR AR B BT RE RS2 1 B RO Th F, B RR
RNEAN TR R . B 6 N Y:CaF, fATE
355 nm B IR R . 0. 0.23%- 0.36%-
0.46%F11 0.56%Y:CaF, f A OG5 47 8 8 2 16 K
SIS, AR 120 17 324 32 Al 5 J/em®. 54l
CaF, fu A, 0.23%. 0.36%41 0.46%Y:CaF, i
PR BB BE 7 iR T 41.6% 166% Al
166%, N B Y] 58 B2 43 il 2 5 T 63.3%- 68.4%FH
38.4%; 1M 0.56%Y :CaF, 4 11 3t 101 45 IR FEAIK
T 58.3%, 52 AHXT L BT 9 FE FEAR T 26.1%.
CHABEBRE, AR YR T B4 R
1 CaF, fn R BY )5 B, 38 5 o T 2 (0 4E FH 7,
B A M 2R R, R b AR MR RE o 0.36% AT
0.46%Y :CaF, SR IR BE A 32 Jem?, HLH
R PR B e A5 B 21.3 J/em® 3255 1 49 50.2%L,

S

i

3 £

AW U T A KA RRE YT
B CaF, ik, AL Y7 T RA U R s
CaF, 90 1) k2, HANRMRFFE s a s, H
(D) ST A SR I A B T o o AR G 0, B
HRIFHIEATERE, £ 200~800 nm YO HE A AL RIS



1034

WL MR

i #1395

IR, FE54h 355 nm B BUE I R AL 93%LA
LB R A R . AR s R AR A%
P B Bt 45 2 vk B 358 I 2 BUMA D A AR AL AR A, 4l
CaF, AR, 0.36%Y:CaF, &K 547 5 & F1 45 15
BRI 3 36N T 68.4%F1 166%, FH Y B F 15
NG T S 2 M 25 A T, BAR T R ER RN, B
B E P A AR BUEOGA RE

S Z L Hk:

[1] DUAN A F, SHEN Y H, LIU J H. Spectra oflarge-sized calcium
fluoride single crystals. Journal of the Chinese Ceramic Society,
2007, 35(1): 85.

[2] ZHANG Z H, SUO Z Y, JIANG F, et al. Growth process of
calcium fluoride crystals. China Rubber/Plastics Technology and
Equipment (Plastics), 2015, 41(22): 11.

[3] HINSMANN P, FRANK J, SVASEK P, et al. Design, simulation
and application of a new micromixing device for time resolved
infrared spectroscopy of chemical reactions in solution. Lab on A
Chip, 2001, 1(1): 16.

[4] TAO P, KELLY R T, ASPLUND M C, et al. Fabrication of calcium
fluoride capillary electrophoresis microdevices for on-chip infrared
detection. Journal of Chromatography A, 2004, 1027(1/2): 231.

[5] LI'Y H, JIANG G J. Study on application of CaF, single crystal.
Journal of Synthetic Crystals, 2000(S1): 221.

[6] DRESSLER L, RSUCH R, REIMANN R. On the inhomogenity of
refractive index of CaF, crystal or high performance optics.
Crystal Research Technology, 1992, 27(3): 413.

[71 SU LB, YANG W Q, DONG Y J, et al. Research and progress of
CaPF,; crystal growth. Journal of Synthetic Crystals, 2003, 32(5): 476.

[8] LI C H, KANG X L, HAN W, et al. Nanosecond laser-induced
surface damage and material failure mechanism of single crystal
CaF, (111) at 355 nm. Applied Surface Science, 2019, 480: 1070.

[91 LIX, DOU X, ZHU H, et al. Nanosecond laser-induced surface

[10]

[11]

[17]

[18]

[19]

[20]

[21]

damage and its mechanism of CaF, optical window at 248 nm KrF
excimer laser. Scientific Reports, 2020, 10: 5550.

GOGOLL S, STENZEL E, REICHLING M, et al. Laser damage of
CaF, (111) surfaces at 248 nm. Applied Surface Science, 1996,
96-98: 332.

SHAO J Z, LIANG X, YOU L B, et al. Laser-induced damage and
periodic stripe structures of a CaF, single crystal by an ArF
excimer laser. Chinese Optics Letters, 2020, 18: 56.

YU Z K, HE H B, QI H J, et al. Characteristics of 355 nm laser
damage in bulk materials. Chinese Physics Letters, 2013,
30(6): 067801.

YURII V, ORLOVSKII, TASOLTAN T, et al. Fluorescence line
narrowing (FLN) and site-selective fluorescence decay of Nd**
centers in CaF,. Journal of Luminescence, 1999, 82: 251.

POPOV P A, FEDOROV P P, OSIKO V V. Thermal conductivity
of single crystals of the Ca;_,Y,F,.. solid solution. Doklady Physics,
2014, 59: 199.

SHEN Y H, YAN D M, WANG Q. Calcium fluoride crystal growth
with multi-hole-crucible. Optics and Precision Engineering, 2007,
15(10): 1474.

FANG Z, YU H, ZHANG B, et al. Suppression of Eu®’
luminescence and enhancement of Eu®* emission in Eu: CaF,
single crystal via Gd** co-doping. Journal of Luminescence, 2021,
233: 117877.

KERAMIDAV G, WHITE W B. Raman-spectra of oxides with
fluorite structure. Journal of Chemical Physics, 1973, 59: 1561.
ZHANG Z. Study on Local Structure, Spectral Properties and Laser
Performance of Er'" Doped CaFyStF, Crystals. Shanghai: Shanghai
Institute of Ceramics, Chinese Academy of Sciences, 2021.
ZHENG J X. Study on the influence mechanism of defect on stress
birefringence of CaF, crystal. Journal of Synthetic Crystals, 2020,
49(6): 1049.

LOH E. Ultraviolet absorption spectra of Ce’” in alkaline-earth
fluorides. Physical Review, 1967, 154(2): 270.

MA F K, SU F, ZHOU R F, et al. The defect aggregation of RE*"
(RE=Y, La—Lu) in MF, (M=Ca, Sr, Ba) fluorites. Materials
Research Bulletin, 2020, 125: 110788.



