H424% Ho6l i il ot Vol. 42, No. 6
2015 4F 6 J CHINESE JOURNAL OF LASERS June, 2015

ORI 15 BV SOl 6 PR 42 T 04 1 S i

O XREF BEE BRE AFE AE%

o [ TR W BRI Y e O SR AR WS L, U1 4 BH 621900

FEE il M e D SRR B P F TS Y A3 R TR R H K 0 4R A 2 T LR A% 68 T 1 R i B A L A5 3
BB A FE T A A5 W L3R o ) A 1 R BE R R ) R IO 2R D 1 S B UKL S Yl W R AT IBORE 43 A SR A AR
R 114 7 Y TE 6 2 T R T R 45 75 8 9, IR Nd s YAG(SAGA-S)M' 28 IF 52 L3 405 R B it A s it . PSR 45 SR 3
BT, T FR O B N ASURL TS Y R R R A A WL R T o R LA 5300 R 20% (40% FH 40% . 0GR
WRY5 YL I 1016 2 2 0 A7 76 BOG T8 DR SOG4 S 3505 6 FlOs Ry L 24 3800 28 A B A 0 10.9 Tem® B, G2k R A7 AE
THURAEH . M IOERE % T 14.6 Jem® B S RIS Yo 5 R B 05, B GREE 15 P W RT R T Refa s,
KEW  WOLCT BB, WS G IO SRR T

hESZES TN248 XEEARIRED A

doi: 10.3788/CJ1.201542.0602001

Experimental Study of Laser-Induced Damage of Optical Components
Surface Owing to Particle Contamination in High Power Laser Facility
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Abstract By means of analyzing component and source of major contamination in high—power laser facility to
investigate impact law on damage resistant ability of large aperture optics surface, clearness control requirement
of optics surface in high—power laser facility is obtained. The sampled contamination particles in high—power laser
facility are analyzed by scanning electron microcopy. The contamination particles on optics surface are fabricated
by natural setting method, damage threshold and law of optics are investigated by Nd: YAG (SAGA-S). The results
show that collected particles are about 20% metallic, 40% organic and 40% mineral, respectively. Both laser cleaning
effect and laser induced damage occurrs during the laser irradiation. When the laser energy density is above
10.9 J/em?® | the particles are removed by the laser energy density. But when the laser energy is above 14.6 J/cm’,
damage points occur on the optical surface due to the contamination particle, and the laser induced damage
threshold descends with the size of the particle.
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Fig.1 Experimental setup of damage test
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Fig.2 Particles contamination on the front surface of optical component (incident interface)
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Fig.5 Composition proportion of particle contamination
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Fig.8 Optical micrographs of components surface damage owing to particles with sequent shots
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3.3 SRYRTEXERAMGHEZBHXR

P 10 4y 3t 4 19 KO D' 2% 28 T 43 4 1 {5 4 3 L 38 1) O R MG e MR UL G 1 O T L S it ok Y=
0.046X-1.57, T K9 24 R 1 (19 JL R0 B E AE 34.1 Jem 47 o

B KOARE 4005 B 5 06 RE i B — 5 e ROCF Z g S Rt 41 o el B 1 mT i, o2 oo i
T AFAENT G Y, 76 AN [FOG RE 1 46 BT R 15 Qe W) 7778 3 Rl AR AR : JCAR AR 1B B0 OGS e ANROG 0
B, 43 SXE R B 1L A TS AR Ak X O T DR DX R EOG B  IX R . R BOK B % B 10.9 J/em® 1Y 1E L
T KORE A R KA TEBOCAE T R LIE VERUR R 3 R K AR RSFIE B EZAES ~ 11 pm Z [0, MK
AR RSP L 20 wm 5, EMCHOGRE % EEAE T LA R A8 A . 38 MO 56 BRARE B % 2 14.6 J/em® K9 HF
J R KA FEROCAE T FE LA DEROR W VR L 18~134 pmo fIKT 10 pm FlIE T 134 pm RUEE
1Y R A TEWOCAE A R AEARAT ARk o MR K20 7 A RO RE B2 AE R & A (AN [l 09 47 S e 28, vl LA
R A URLAE R BEOGAE T & AR OGS VEE M LA i e . i LA 4 Y=1.61x10"" exp(X)+0.77, H:
X R OGRE L, Y Ol & A WO BEAE 04 K 22 0RL TS e Wy 1 RS b BRI 132 b BR A KL T e W 76 O G AE
TS RABOCEIEN . MG ek &% iR 3] 18.2 J/em’ 5 , KOFE A R T M K AL TEWOCER T R 2
DL A0 R = 38405 B9 1 BB A 30~81 pom, IR T 20 wm RUBE B R IG5 e W AR T VRAE T . MR RO EE T

0.8
200f « no effect
180 ~ damage size
- EO.G | e 160 o clean size
2 Y=0.046X-1.57 \1}‘2‘8 [ damage effect
2% 8 q Y=2.06 X 10%exp(-X/1.05)+28.07
£ 204 @ 100f R=0.98
% Bzo 2 80 , / x "
— % o0 i
;-c ¥

0.2 £ 40
[}
0 1 1 1 1 1 1 1 1 O [ L L L L L L
32 34 36 38 40 42 44 46 48 o 12 14 16 18 20 22
Laser energy density /(J/cm?2) Laser energy density /(J/cm?)
10 K9 Ja~a o4 47 1 {H P11 KO TTAF 5 3 1 F 55 0l 2 2 1 5 e ) ok
Fig.10 Laser induced damage threshold INRNTPSES
of clean K9 glass Fig.11 Laser induced damage threshold of K9 component as a

function of surface particles contamination size

0602001-5



mOE B ok

81 wm NUBE (35 Gt s R AR e T . YOG BRBE R %5 B2 21.9 J/em’ B, KO A i 3R T K A ¥ 25 51Ok
ST R R AR . FEZAR 16.9 Jem® WHOGRE R % FEEAE AT OG5 oo 3R A7 76 # 4F 60 pum RUBE (1975 4
PImE G oo e Tm B & A= 4505 o A LG TR i 2 L8803 M8 34.1 Jem® T [ T 29 48% , TREMRBEAL K . M
I AT DA 0 B Ol 2% 3R T VG e R S i DG A on M B A e 00 W DG B I R 2 — o Ol aE SR UKL TS QL W AE RO AR
WEAVE IR B M i 28 0T LASBLS M V=2.06%10° exp(-X/1.05)+28.07., X JEOCRE RSB, vV Bk Is Je Wiy R
b fE— R O RE R AE R MR LA S ST B RS Y W R SE R 2 3 T B AR AR K
WKL Y5 ey R SE BII v BE R S AR (A0 %) il ad B 114 A A th R st R s ATl R NS AT
&7 VEE R EE R 5 YY) RS, BT LA OGS TT R A 11 d5 R

4 % B

30 BT 0 2o BT T A O R PN G 3R T U R A A R A3 T L R B L
Yy & JE A Y T ) R 424, IR T T OB TS YR Bk UR . e IR TR T s 2R T Bk TS G
TE SR OCHR BT (AT AR IR, R B BOG TS UE RO G S i 0 2 L AR AL . BOGRE %R AE 10.9~
14.6 J/em® 2 [8] T 22 WOCTHE VEAE A, Y BOLRE & % BB A 14.6 Jem® J5 , )62 3 10 R R 9 UKL TS JL Wl &
SRS R K AU, I T EORE Ve RO TS U 0 o SRR RS R A R T LU RLER e )
PG N B T S ] S 3 v o S A AR FR 0 8T BE A A

£ Z X Wk
1 C Macilwain. Laser project ‘faces optics hurdle’[J]. Nature, 1999, 401(6750): 201-202.
2 W Simmons, R Godwin. Nova laser fusion facility—design, engineering and assembly overview[]J]. Nucl Technol, 1983, 4: 8-24.
3 Lin Zunqi. Progress of laser fusion[J]. Chinese J Lasers, 2010, 37(9): 2202-2207.
MR OB R AR 1Y & (). T O, 2010, 37(9): 2202-2207.
4 Meng Shaoxian, Wang Xiaoqin, Guan Fuyi, et al.. Laser induced damage of glass surface[J]. Acta Optica Sinica, 1995, 15(10): 1428-1431.
A, BB W X AR OGS R B R A BIIRI]. 62E 24, 1995, 15(10): 1428-1431.
5 P Martin, A Morono, E R Hodgson, et al.. Laser induced damage enhancement due to stainless steel deposition on KS=4V and KU1
quart glasses|J]. Journal of Nuclear Materials, 2004, 8(329-333): 1442-1445.
6 J Honing, M A Norton, Hollingsworth, et al. Experimental study of 351-nm and 527-nm laser—initiated surface damage on fused
silica surfaces due to typical contaminants[C]. SPIE, 2005, 5647: 129-135.
7 F Y Génin, M D Feit, M R Kozlowski, et al.. Rear—surface laser damage on 355 nm silica optics owing to Fresnel diffraction on front—
surface contamination particles[J]. Appl Opt, 2000, 39(21): 3654-3663.
8 M D Feit, A M Rubenchik, D R Faux, et al.. Modeling of laser damagelnitiated by surface contamination[J]. Laser—Induced Damage
in Optical Materials, 1996, 2966: 417-424.
9 S Palmier, J L. Rullier, J Capoulade, et al.. Effect of laser irradiation on silica substrate contaminated by aluminum particles[]J].
Applied Optics, 2008, 47(8): 1164-1170.
10 S S P Palmier, I Tovena, R Courchinoux, et al.. Laser damage to optical components induced by surface chromium particles[C].
SPIE, 2005, 5647: 156-164.
11 S C Sommer, I F Stowers, D E van Doren. Clean construction protocol for the National Ignition Facility beampath and utilities[J].
Journal of the IEST, 2003, 46(1): 85-97.
12 International Organization for Standardization. ISO 14644-9. Cleanrooms and Associated Controlled Environments—Part 9: Classification
of Surface Cleanliness by Particle Concentration[S]. Switzerland: ISO, 2012.
13 G Guehenneux, M Veillerot, I Tovena. Evaluation of the airborne molecular contamination inside the LIL[J]. Nucl Instrum, 2006,
557(2): 676-683.
14 ] Honing. Cleanliness improvements of national ignition Facility amplifiers as compared to previous large—scale lasers[J]. Opt Eng,
2004, 43(12): 2904-2911.
15 Sun Chengwei, Lu Qisheng, Fan Zhengxiu, et al.. Laser Irradiation Effect{M]. Beijing: National Defense Industry Press, 2002: 264-267.
PhRAS, bR AR, YIRS, AF . SO AR IOM M. Jat: BB Tl Rk, 2002: 264-267.

0602001-6



A R S

16 Wang Libin, Ma Weixin, Ji Lailin, et al.. Influence of metal particles on damage threshold of fused silica at 3w[]J]. Chinese ] Lasers,
2012, 39(5): 0502004.
FA, S, Bk, S AR T 6 JE UKL A S T R s BB RS2 R ). RO, 2012, 39(5): 0502004

17 Wei Chaoyang, He Hongbo, Shao Jianda, et al.. Thermodynamics damage of optical coatings induced by absorbing inclusion thermal
irradiation[J]. Acta Optica Sinica, 2008, 28(4): 809-812.
BEARA, B, AR A, . WS AR AR O 5 S 0 A R SR 9 A S LRI ). D6 24, 2008, 28(4): 809-812.

18 F'Y Génin, A Salleo, T V Pistor, et al.. Role of light intensification by cracks in optical breakdown on surfaces[J]. ] Opt Soc Am A,
2001, 18(10): 2607-2616.

19 M D Feit, M R Rubenchik. Laser intensity modulation by nonabsorbing defects[C]. Second International Conference on Solid State
Lasers for Application to ICF, 1997.

20 Guo Yajing, Tang Shunxing, Tang Qing, et al.. Study of laser—induced damage in fused silica by 35Inm laser near—field irradiation
[J]. Chinese J Lasers, 2013, 40(5): 0502004.
TR, RN, R, SR T OGS IR 351 nm BOGTE S G B BT TEL]. PO, 2013, 40(5): 0502004,

21Y F Lu, Y W Zhen, W D Song. Characterization of ejected particles during laser cleaning[J]. Journal of Applied Physics, 2000, 8(1):
549-552.

EEHRE: R4

0602001-7



