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Abstract Growth of laser induced damage on the surface of fused silica plays a major role in determining optics
lifetime in high power laser systems. In this paper, a femtosecond laser system is applied to create benign mitigation
pits to replace growing damage sites; the mitigation mechanism is also explored. The electric filed distribution around
mitigation pit is modeled with the finite difference time domain (FDTD) method to determine the optimal mitigation

1

geometry. The shape. size and depth of mitigation pit are controlled by varying energy of femtosecond laser,

—

changing the movement mode of sample stage. in order to achieve the optimal mitigation geometry. The results of

laser damage growth test indicate that the rectangular mitigation structure can reduce the light intensity distribution
and the damage threshold of mitigation pits is much higher than damaged sites. Furthermore, Energy dispersive
Key words
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spectrometers (EDS) microanalysis technique is used to detect the chemical composition of mitigation pits, and
results shows that ultraviolet absorbing defects are removed after mitigation. Reduces of the ultraviolet absorbing
defects as well as the local light intensity are key factors to succeed in mitigating growing damage sites.
laser optics; mitigation; femtosecond laser; fused silica
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Fig. 1 Schematic of ns-laser damage test facility
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Fig. 3 Two-dimensional model of rectangle mitigation pit. (a) Mitigation pit located on the input

surface of fused silica; (b) mitigation pit located on the output surface of fused silica
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Fig. 4 Electric-field distributions around mitigation pit with different shapes located on the input or output surface of

fused silica, respectively. (a), (b) Rectangle; (¢), (d) trapezoidal; (e), (f) parabolic
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Fig. 7 SEM images of crater damage of fused silica. (a) Overall morphology of damage site;

(b) melt area of Fig. (a); (c¢) pinpoint damage around the edge of damage site

3.1.2 Imm A EBA LKA

I A R 3 T I TR 0 A R S A3 B R 4
iRl . JRR a5 58495 A 7 ST S bk ol B VE R RH A
AR T TR A 5 5 B A 1] RGN 1) RS 7E S5 22 2 ik
NN i€ B AR O v I aba oF 1) 27 X e b4
Ml o A A5 O 8 FH 73 A RO BRI . B 8 4 1 4%
A1 85 F T HTARI3 2R IS L 2 Wk O AE AR 6
ik BILE SRR EZ BN KR . YRI5 S
RIEBME D 6 J/cm® , I T 45 A 5 3% 181 %) IR % IR
AR I (L o AT I Ay 3 35 T 0 PR 4 o — BT i A
AR B e 5% FEOBAE T N st s st R e

100

[ee]
(=]
T

[=2]
(=]
T

40

20

Damage growth probability /%

2 4 6 é 1I0 1l2
Fluence /(J/cm?)
P8 M Ao 3 T AR B3 A O % 0
Fig. 8 Damage growth probability of crater damage
site at the output surface of fused silica
3.2 kMEAEEE
3.2.1 kAHOEEBE LR
KU R BOBE R RS I Hom i a4
1652 J7 AR A7 SR i S AN AT B A 1B 9

JI2E T e R BOL B R 5 . 18 2 51 SEM JE 3
K. g CEEOLB R A A s kbR, e
SR B R AS B A P UL = 2R 5 8 O i R B B
LB 0 B J5 X L SRR A R B A 7 R R

B9 WRMER R SEM K&

Fig. 9 SEM image of femtosecond mitigation pit
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Damaged area 43.33:56.67 25.40:74. 60 36.03:63.97

SN FD OG5 0 A B R (SIO.) A AR
B 2 5 SO0 7 D A SRR T DT 24 3 T A AR A o
B3 CODC) J JF 4 L Bk [ (NBOHC) %5 g il fi- .
Frenkel % f4 4 7= A= HL a0 R KR
=Si—0—Si=>=Si—Si=+0,
(PORs and O,). (2)
E 355 nm & 3R BEHOCE TR A 3 Si—O B
Wiz, j= A T s e KRB O 4% ik i 5 BCIE
At L SIO, (e<<2) 7 4. A AL G (Si—SD
MREAE A TE 5 eV ZE A1 T s A 0 1Y) 2577 52
FEH 9 eV, EITE 355 nm(3.5 V) BOBER T A%
e B 5 RE A% B I A W ikt . Philipp 457 i 5
ST R R AL 2 T i LR R 6 IR 2R 50 45

B 7E 355 nm &b, SIO 1L R 5L F] 10° em !
LSO, (e 2520 1.5 BRI R EGE L 10° em ', T
SIO, WL 2 BB S /N T 10 em ™', PR S B R B
BHSIO, ,2<<2) B 355 nm YR Ik REg KT SO, ##
VRN ERTTHEN i ie=R TN (OE: D) K - VAR )
B IR IR B S PR 0. A T RO ik v
(R BN AR R A S 500K BEIR R AR AL IR A4
i T AT 54
Aa® K It — 7o)
TCrat) = D\/:{[er) %

exp<—az_’_r724Dz_)dr, (3)

3 H AT BB BOE R IR ol m R R AR

0403001-7



H |

# ot

D YRR e TR DGR R], hy
WOCYER BT TG0 = I exp(— 7" /a®) KL
F14) WS AP 588 8 o FR1 IR A A R R OV E R A T W I A
AR T K 5B A F G H 2
R T SO, , 345 5 Ab 1 42 Bk 2k R
(Si0, , x<72) BEHE T A R UK 355 nm #OL, T Bk
ok 2% T TR RE R e s AT 3 AR 1 TR S R0t
YERF By Pt A K

o e SO TS A 9 Si— O BT 24 7= A=
14 48,25 07 B B 45 R AR AL 25 3T b SO, (o<<2) BB
A AL 355 nm O, AT B 1 0 T Ak
BWOCE N & . it gl CREOkE e
S o JE 5G40 M AL 0 bR R R 25 BR L 4k I B B Y
Sit OJF Fb A A Tl 21 5 303 405 X 300 K 7. Rt
16 52 55X 58 AN 1 W e SR 25 /0 s FABKONE B
SRR NG 538 T8 2 sl BT EOL B R 1 . 48
B TIEE SO R R BE

4 4 e

3 3ot TSRO SO T R B A S T R
BRSO RE B 45K . FDTD H s Rk,
B I MR S AL 1 25 g . SR P KD RO
BOE0 B0 060 7 50 P50 05 2 o8 450 05 5 T B T A
S . TR B RO 18 B U . 18
SR IR E ROBOE R E R, SRR B
FOHOE R R B B RS A E) 12,4 ]/ em? B £ T
RSN 400 R JE B, EDS 45 R £V, ¢
SO 1 5 B U W BB . I TG R 3 e 3R A
VB R T S 2 0 45405 P 1 S e IR 2

& X

1 M. A. Norton, L. W. Hrubesh, Z. Wuet al.. Growth of laser
initiated damage in fused silica at 351 nm [ C]. SPIE, 2001,
4347, 468

2 L. W. Hrubesh, M. A. Norton, W. A. Molander e al..
Methods for mitigation surface damage growth on NIF final optics
[C]. SPIE. 2002, 4679 23~33

3 Hu Guohang, Zhao Yuan' an, Li Dawei. Technology and
mechanism of CO; laser treatment for mitigation surface damage
growth[J]. Acta Optica Sinica . 2011, 31(8): 0814001
BEAT . BT, AR MR R R CO, BOLBEHAR K
PLEE@FZE]. 6% 54k, 2011, 31(8); 0814001

4 1. L. Bass, G. M. Guss, R. P. Hackel. Mitigation of laser
damage growth in fused silica with a galvanometer scanned CO,
laser[C]. SPIE, 2005, 5991: 59910C1

51 L. Bass, G. M. Guss, M. J. Nostrand et al.. An improved
method of mitigating laser induced surface damage growth in
fused silica using a rastered, pulsed CO; laser[C]. SPIE, 2010,

7842, 784220
6 M. J. Matthews, I. L. Bass, G. M. Guss e al.. Downstream
intensificaiton effects associated with CO, laser mitigation of fused
silica[C]. SPIE, 2007, 6720 67200A
7 L. Gallais, P. Cormont, J. L. Rullier. Investigation of stress
induced by CO; laser processing of fused silica optics for laser
damage growth mitigation [ J ]. Opz. Express, 2009,
17 23488~23501
8 Li Xibin, Wang Haijun, Yuan Xiaodong et al.. Effects of CO,
laser irradiation on surface morphology and stress distribution of
fused silical J 1. Chinese J. Laser, 2011, 38(9): 0903002
BEGR, EWE, ZHRAR. CO» OGN I A 98 R 10 B 5 5 1
iz mil]. Bk, 2011, 38(9): 0903002
9 M. D. Shirk. P. A. Molian. A review of ultrashort pulsed laser
ablation of materials[J]. J. Laser. Appl., 1998, 10(1) . 18~28
10 X. Liu, D. Du, G. Mourous. Laser ablation and micromachining
with ultrashort laser pulses[J]. IEEE. J. Quantum Electron. ,
1997, 33(10): 1706~1716
11 M. Ali, T. Wagner, M. Shakoor. Review of laser
nanomachining[J]. J. Laser. Appl., 2008, 20(3): 169~184
12 Wang Yuerong, Li Yi, Wang Sijia. Directly writting single
polarization microstructure waveguide in fused silica by high
repetition rate femtosecond laser[J]. Chinese J. Laser, 2012,
39(12): 1203002
A, 2 B, ERE S0 RO B o A 3
P IR s i 5 (0. B sk, 2012, 39(12): 1203002
13 J. E. Wolfe, S. R. Qiu, C. Stolz. Laser damage resistant pits in
dielectric coatings created by femtosecond laser machining [ C]J.
SPIE ., 2009, 7504 . 750405
14 J. E. Wolfe, S. R. Qiu, C. J. Stolz. Fabrication of mitigation
pits for improving laser damage resistance in dielectric mirrors by
femtosecond laser machining [ J ]. Appl. Opr.. 2011,
50(9) . C457~C462
15 D. Puerto, J. Siegel, W.

formation, relaxation. and topography modification induced by

Gawelda. Dynamics of plasma

femtosecond laser pulses in crystalline and amorphous dielectrics
[J1. J. Opt. Soc. Am. B, 2010, 27(5); 1065~1076

16 M. A. Stevens-Kalceff, A. Stesmans, J. Wong. Defects induced
in fused silica by high fluence ultraviolet laser pulses at 355 nm
[J]. Appl. Phys. Lett. . 2002, 80(5): 758~760

17 H. Hosono, H. Kawazoe, N. Matsunami. Experimental
evidence for Frenkel defect formation in amorphous SiO; by
electronic excitation [ J]. Phys. Rev. Lert., 1998, 80 (2):
317~320

18 R. Tohmon, Y. Yamasaka, K. Nagasawa. Cause of the 5.0 eV
absorption band in pure silica glass[J]. J. Non-Cryst. Solids ,
1987, 95~96(part 2): 671~678

19 H.  Nishikawa, R. Nakamura, Y. Ohki. Enhanced
photogeneration of E' center form neutral oxygen vacancies in the
pressure of hydrogen in high purity silica glass[J]. Phys. Rev.
B, 1993, 48(5) : 2968~2973

20 H. R. Philipp. Optical properties of non-crystalline Si, SiO,
SiO, and SiO;[J]. J. Phys. Chem. Solids, 1971, 32(8): 1935

21 M. D. Feit, A. M. Rubenchik. Mechanisms of CO, laser
mitigation of laser damage growth in fused silica[ C]. SPIE,
2003, 4932 91~102

22 Sun Chengwei. Laser Padiation Effect M]. Beijing: National
Defence Industry Press, 2002. 35
PN, WOGER AU M. dtat: BBl L, 2002, 35

EERE: R

0403001-8



