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ArF excimer laser induced damage on high reflective fluoride film
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(1. State Key Laboratory of Apply Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy
of Sciences, Changchun 130033, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to study the damage mechanism of high reflective fluoride film under a certain condition, the
damaged areas of the films made with the different processing techniques were analyzed by means of differential interference
contrast microscopy, atomic force microscopy and optical profiler. With the increase of the film deposition temperature and
the packing density of the film in vivo, laser induced damage threshold of film is improved. For the regular film series, a
standing wave electric field intensity distribution of the standing wave in vivo has the greater impact on the film damage.
The results show that the damage of high-reflection film is jointly caused by packing density of the film in vivo and electric

field intensity distribution based on the damage morphology and damage depth of the film. The results provide the
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foundation for further research of high quality of laser reflective coatings.
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Fig.1 Schematic diagram of measurement system for laser induced dam-

age threshold
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Fig.2 Focused spot size of ArF laser beam
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Fig.3 Laser induced damage threshold of the quarter HR fluoride coat-
ings deposited at 300°C and irradiated by laser at 193nm
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Fig.4 The damage morphology of the quarter HR coatings deposited at 300°C
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Fig.5 The damage morphology of the quarter HR coatings deposited at 350°C
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Fig. 6  Surface micrograph of the quarter HR coatings deposited at differ-

ent temperature
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Fig.7 The damage morphology of the non-quarter HR coatings deposited at 350°C
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Table 1  Damage comparison of high reflection fluoride coatings prepared

under three conditions

\ laser induced
damage depth of maximum

parameter
damage threshold

300°C ( quarter) 122nm on 2. 33}/ cm? 1.74]/cm?

350°C ( quarter) 80nm on 3. 67]/cm? 1.90]/cm?
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3 & it

MR T LM Laky /Mgl 8 SROF MR IEA T
T A 5y 1 193nm FOCKI L IEL, 25 R KW .
REARDUAUE R 5, R A 2 1 B B A 2 By i P ol
(ELHESE (A A 11 3R 4 5 B B A1, B0 i 5 3R 1T 75
H BB R B LR s DOBGR 4 I iS , BEE R
SRS E (R0 o, 915 16y 458 0 P S8 48 A0 B (L 3 A
JITEE Tt 73 SMHEREER AR AR AR i, 4% A I AL T Ak
(1) R, 37 68 L 73 A3 249 9 A W WS/ N PR AR BT S 3 6
Mgk, b, JAE A M) T 345 47 (L A 2

W, E R TR W 6 1 i S S I A A e
RS DAY ) SR8 A 2 32 T L 3 JBE A P ] 5 R S o
& % X #

[1] YUYS, YOU L B, LIANG X, et al. Progress of excimer lasers
technology [J]. Chinese Journal of Lasers, 2010, 37(9) ; 2253-
2270 (in Chinese).

[2] ULLMANN J, MERTIN M, ZEISS C, et al. Coated optics for
DUV-excimer laser applications [ J]. Proceedings of SPIE, 2000,
3902 514-527.

[3] THIELSCH R, HEBER J, KAISER N. Critical issues on the as-
sessment of laser induced damage thresholds of fluoride multilayer
coatings at 193nm[ J |. Proceedings of SPIE, 2000, 3902, 224-
234.

[4] LAUX S, BERNITZKI H, KLAUS M, et al. Long time radiation
resistant optical coatings for UV excimer laser applications [ J].
Proceedings of SPIE, 2001, 4347 . 13-16.

[5] WEICY, SHAO J D, HE H B, et al. Mechanism initiated by
nanoabsorber for UV nanosecond pulse driven damage of dielectric
coatings [ J]. Optics Express, 2008, 16(5) : 3376-3382.

[6] BLASCHKE H, ARENS W, RISTAU D. Thickness dependence of
damage thresholds for 193nm dielectric mirrors by predamage sen-
sitive photothermal technique [ J]. Proceedings of SPIE, 2000,
3902 242-249.

[7] 1ZAWA T, YAMAMURA N, UCHIMURA R, et al. Damage
thresholds and optical stabilities of fluoride HR coatings for 193nm
[J]. Proceedings of SPIE, 1994, 2114 . 297-308.

[8] BERNITZKI H, LAUTH H. Current status of radiation resistance
of dielectric mirrors in the DUV[ J]. Proceedings of SPIE, 1998,
3578 105-116.

[9] HEBER J, THIELSCH R, BLASCHKE H, et al. Microstructure

and radiation interactions of optical interference coatings for 193nm



306

T TR

2014 5 H

[10]

(1]

[12]

[13]

[14]

applications| J ]. Proceedings of SPIE, 1999, 3738 . 159-165.
GUNSTER S, BLASCHKE H, RISTAU D. Laser resistivity of
selected multilayer designs for DUV/VUV applications[ J]. Pro-
ceedings of SPIE, 2007, 6403 . 640318.

DIJON J, QUESNEL E, PELLE C, et al. Laser damage of opti-
cal coating from UV to deep UV at 193nm[ J]. Proceedings of
SPIE, 1998, 3578 54-63.

BLASCHKE H, RIGGERS W, RISTAU D. Exposure of high re-
flecting fluoride coatings under high fluence conditions at 193nm
[J]. Proceedings of SPIE, 2010, 7842 . 784201.

ARNON O, BAUMEISTER P. Electric field distribution and the
reduction of laser damage in multilayers [ J]. Applied Optics,
1980, 19(11): 1853-1855.

ABROMAVICIUS G, BUZELIS R, DRAZDYS R, et al. Influ-
ence of electric field distribution on laser induced damage thresh-

old and morphology of high reflectance optical coatings[ J]. Pro-

[15]

[16]

[17]

[18]

ceedings of SPIE, 2007, 6720, 67200Y.

CHANG Y H, JIN Ch Sh, DENG W Y, et al. Study on laser in-
duced damage of coating at 193nm [ J]. Laser Technology,
2011, 35(3) : 308-311(in Chinese).

MELNINKAITIS A, MIKSYS D, BALCIUNAS T,et al. Automa-
ted test station for laser induced damage threshold measurements
according to 1SO 11254-2 standard [ J ]. Proceedings of SPIE,
2006, 6101 ; 61011).

CHANG Y H, JIN Ch Sh, LI C, et al. Laser induced damage of
fluoride coatings at 193nm [ J]. Chinese Journal of Lasers,
2013, 40(7) : 0707001 (in Chinese).

CHANG Y H, JIN Ch Sh, LI C, et al. Optical characterization
and structure properties of ultraviolet LaF ; thin films by thermal
evaporation [ J]. Chinese Journal of Lasers, 2012, 39 (10) .

1007002 (in Chinese) .



