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Abstract In order to determine the optical constants of fluoride films in deep ultraviolet (DUV) to ultraviolet
(UV), high-refractive-index materials such as LaF;, NdF;, and GdF;, and low-refractive-index materials such as
MgF, , AlIF;, and Na; AlF; single thin films are deposited by a resistive-heating boat at different deposition rates and
specific substrate temperatures on JGS1 and single crystal MgF, substrates. Transmittances in 190 ~500 nm of all
fluoride thin films are measured through business spectrometer in the ambient atmosphere. The optical constants of
these films are determined from iterative algorithm combined with the envelope method. These dispersive optical
constant values are fitted by Cauchy formula and index formula, respectively. The results are consistent with other
relevant articles, which testifies the reliability of the results.
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Table 1 Deposition conditions

Material P P‘ Dr d
/(107 Pa) /(107*Pa) /(nm/s) /nm
LakF; 0.933 1.07 0.23 680
NdF; 1.13 1.6 0.16 597
GdF; 1.33 2.4 0.43 1007
MgF, 1.33 1.47 0.21 664
AlF; 1.2 1.47 0.6 947
Na; AlF; 1.2 1.33 0.42 1241
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Table 2 Parameter values

A, A, A, A, A As
LaF, 1.53215 1460. 451 1. 67X 10° 5.14X10° 4. 8580884 —28.8136
NdF, 1.54105 1364, 383 83129382 0. 000145 4. 7823166 —28.8926
GdF, 1. 47729 5238. 094 18740997 5.98X10° 0. 3079412 —53.031
AlF, 1. 34236 1864. 119 38186608 0. 000019 0. 0149568 —43.6372

Na, AlF, 1.34192 6679. 986 83549329 —0.00015 0. 0088917 —101. 547
MgF, 1. 31225 9560. 322 2.13X10° —1.2X10° 0. 9245473 —29. 8639

T BRI A A SR LR R ST T S0k

I8 L 2 1 MgF, fil LaF, WK, Ho# & B, A8 3¢
JrE AR R MgF, F1 LaF, 6% & 500 Br i %
B Rl A5 SOk i AR — B

HIIET 4 0T RUFE M, 3 Ff g 37 5 S0 I 1) 3 23
15 3 BT S 3R 0 AT 5 A AE 190~500 nm

FHZE B AR R BT b m] L2 B s AR 3 2 5 4 R
Xt BT A S A R AR . 1S R BT ST Y
P AT PR S 5 B W MR R A R BE R A /DN A
FUTT 5 o o 3 55 25 90 52 A ) LG AR 3 8 30 90 58 A6 114
MECRAR 22 o DA I A RS0 R s A% A IR i = 2
K B R T AT AR



8 1 BEA

RSN/ SNSRI 2 BT 5

2139

5 4 e

T8 3 PO R R AE BRI A S R A B R
JE DR T 6 BT B s A A R N2
e TR I B R (N a2 B = R s A N - 27 g 1)
R, 5 R SE R B, 45 T 6 R TR 4R A
FIERANX a2 w B, B T LA TR 1S R
1) [T A P TR X S 6 A T R DX S T 0 e R A
DX, 18 B A ) JEE B RN O 2 i RO R T BE . PR s
TR TS R T LA .6 B AR T SR A
BT B R 22 R AE R B AT DL AL AR e AR
P 55 R b X 5 T 45 il S ) T S A 4 A = AR
P E2 AWM Z 2R P IR FEE R A
1 T 5 SRR AL R

& & X #t

Wang Bei SiC/Mg
multilayer film reflective mirror at 30. 4 nm[J]. Acta Optica
Sinica, 2007, 27(4) . 735~738

KB A% 45 30,4 nm P K SIC/ Mg £ 2 B S
[J]. k554, 2007, 27(4): 735~738

Lou Qihong,
induced plasma shutter for wave clipping of 355 nm radiation[ J].
Chinese J. Lasers, 2007, 34(6) . 759~764
kg5 B LR R L 355 nm Kb EOBIE S & TROT R
HIB 1], + B #k, 2007, 34(6): 759~764

Shi Zhaohui, Fan Zhongwei, Zhang Ying et al.. High efficiency

1 Zhu Jingtao, Zhang Shumin, et al..

Do

Zhang Fangpei, Dong Jingxing er al.. Laser

w

and high power all-solid-state ultraviolet laser [ J]. Chinese J.
Lasers, 2007, 34(1): 29~32
A, BE AP, Bk B SE. mALER SR E S RIMNEOLER
[J]. P Bk, 2007, 34(1): 29~32
4 Cui Yun,
characteristic of third harmonic separator at 1064 nm[]]. Acta
Optica Sinica, 2007, 27(6) . 1129~1134
£ o BTR.ERE % S B IEAE 1064 nm (1B B4R
PEFFE()]. R 23Rk, 2007, 27(6): 1129~1134
S. Niisaka, T.
coatings for 157-nm lithography. 1. Coating materials[J]. Appl.
Opt. ,2002, 41(16) ; 3242~3247
D. Ristau, S. Giinster, S. Bosch et al.. Ultraviolet optical and

Zhao Yuanan, Jin Yunxia et al.. Laser damage

ol

Saito, J. Saito et al.. Development of optical

o

microstructural properties of MgF; and LaF; coatings deposited
by ion-beam sputtering and boat and electron-beamevaporation
[I7. Appl. Opt. ,2002, 41(16): 3196~3204

K. Yoshida, M. Ohya, K. Hatooka et al.. Optical properties of
porous fluoride coatings for UV and deep UV lasers[ C]. SPIE,
2002, 4679:429~434

8 Cheng Chung Lee, Ming Chung Liu, Masaaki Kaneko et al..

-

©

10

11

13

14

15

16

1

i

19

20

Characterization of AlF; thin films at 193 nm by thermal
evaporation[ J]. Appl. Opt. , 2005, 44(34):7333~7338

Yuan Jingmei, Yi Kui, Qi Hongji et al.. Design of 193 nm
optical thin films under practical structure and optical parameters
[T]. Chinese J. Lasers, 2004, 31(4): 477~481

M. Y 3 S S JEBAR ST 193 nmoOG ARk
0] P Esk, 2004, 31(4) . 477~481

Yuan Jingmei, Tang Zhaosheng, Qi Hongji et al.. Analysis of
optical property for several ultraviolet thin films materials[ J].
Acta Optica Sinica, 2003, 23(8):984~988

WM TIEME SR SE. TSR SN A RL (9 0 2 BRI
REMTLT]. k534, 2003, 23(8):984~988

M. Zukic, D. G. Torr, J. F. Spann et al.. Vacuum ultraviolet
thin films. 1. Optical constants of BaF;, CaF,, LaF;, MgF,,
Al, Oz, HfO,, and SiO, thin films[J]. Appl. Opt. . 1990, 29
(28): 4284~4292

J. Kolbe, H. Kessler, T. Hofmann er al.. Optical properties
and damage thresholds of dielectric UV/VUV coatings deposited
by conventional evaporation, IAD, and IBS[C]. SPIE, 1992,
1624 221

Tsung-Hui Ho. Optical constant calculation by envelope method
[D]. Taiwan: Institute of Optical Science of National Central
University, 2002,12~26

(ED S-S =S S g i N O N = R VAL LB N o ol N
i8¢, 2002,12~26

Xia Zhilin, Xue Yiyu, Zhao Li et al.. Analysis of thin f{ilm’s
optical parameters based on the envelope method[J]. Journal of
Wuhan University of Technology (Information & Management
Engineering), 2003, 25(5): 73~76

SRR, BRI B R SR R T 4 AR 0 W O R RO T
[J]. KiX® L KFFM, 2003, 25(5); 73~76

H. Z. Zhen.
Fourier transform infrared spectroscopy[J]. IEEE Transaction
on Semiconductor Manu facturing . 1995, 8(3): 340~345
Shu-Chung Chiao, Bertrand G. Bovard, H. A. Macleod. Optical-
constant calculation over an extended spectral region: application
to titanium dioxide film[J]. Appl. Opt. , 1995, 34(31) . 7355~
7360

Shang Shuzhen, Shao Jianda, Fan Zhengxiu et al.. The study of
ultraviolet properties of resistant boat evaporated LaF; films[]J].
Acta Physica Sinica, 2008, 57(3):1941~1945

WO, BREER . JIEE SF. AR LaFs MRG58 S0 g it
F2[T]). 2 FIR.2008, 57(3):1941~1945

F. Rainer, W. H. Lowdermilk, D. Milam et al.. Materials for
optical coatings in the ultraviolet[J]. Appl. Opt. , 1985,24(4) .
496~500

0. R. Wood II. H. G. Craighead, J. E. Sweeney et al..
Vacuum ultraviolet loss in magnesium fluoride films[J]. Appl.
Opt. ,1984, 23(20); 3644~3649

M. C. Liu, C.
composition-related characteristics of LaF; thin films at 193 nm
[J]. Opt. Eng., 2006,45(8); 083801-1~6

Epi-film thickness measurement using emission

C. Lee, M. Kaneko et al.. Microstructure and



