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Heat Affection of Pico-Second Laser Irradiation with Different

Widths on the Dielectric Film Damage Ablation
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Abstract

Wang Xiaochao

Huang Dajie
Chinese Academy of Sciences , Shanghai 201800, China)

Li Xuechun

(National Laboratory on High Power Laser and Physics . Shanghai Institute of Optics and Fine Mechanics ,

In order to deeply explore the damage characteristic and damage morphology of multi-layer optical

1

components in inertial confinement fusion (ICF) optical system, 1053 nm laser pulses with different widths of 240,

35, 6 ps have been used to research damage ablation and damage resistant experiments at large area damage pits at
ablation pits

—

45° high reflection film. By comparing the morphology and damage resistant threshold of the ablation pits at different
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pulse widths, the results show that it is superior to use ultra-short pulse to repair multi-layers optical components,
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and the shorter pulse width is used, the better results can be got. The results of scanning ablation indicate that with

the help of three-dimensional control system, the better repairing status can be got by changing the shape of the
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thin films; ultrafast optics; damage of multi-layers optical components; scanning repairing

1L
1 B 5 475 B A 1
L0 B B 4 R BF S A A AT . O

PR

X 58 8O3 S o0 A4 i B A0 460 R T DA
) (1 4 7 |

&I\ %‘%ETD#E’JL 15 R AT A BUIE K 2 e R Y

MR BB L AR OE B R 2 R L X e
TR R I AR E

i B R RO e A 38 AT BAS 4R 3P AR
7‘6%7{:#%!’?%4&@%&5@ 2% Jo e TN T
KR EE: 2012-02-28; KBS BAE BH: 2012-05-02
fEZE®E I fEH

NPPIA
o R A J5E RS )23 45 £
16 52 3 L2 T 6 8 Tk oo D oA A R D00 ) 5 4 AT
I A
E-mail: timefateself@163. com
=3

BR B B — A FL ) & 52 3, IF B & B e ot e R
TARIRELY K G SRR A R,
K PO A8 R I R R U2 JL T B 3R
T 6 TS 320 b AR 7= A s 4849, i AT
PR . sk B — R AE (~10" W/ em®)™ B
987 3 A 5T A s 3 B DA 5 A I b O R 22 2 O 14 3 T 84 18 52 O TR E 5
SUmE T $R975 53 5y L
* BIEBE & Ao E-mail: nwpuzhangpanzheng@163. com

) WFFE B B AR T, 32 B RO ik TE 5 TR Y

0803005-1

ail: fanweil(@ siom. ac. cn



i

# ot

PR Z OGRS . X T R R K il B
TR (R i PR 28 5 A6 FOG IR e
FHL 7% Ay WL ) AT R 38 B R LA B AR
SRR BN T B AR G R R R
0.01 eV/ps, Zim it/ T H F I im s 2, 2+
PAF R KA LLG 54 7 & i 7= A4
B EBAT, X ZTF AR BTN AR
B R RS B B R R T R
P UG R BT B IR R . YR T
A% B3R B SR AT OG RE 1 JL-F 2 3 o = I
B N o A L NP N NN G L D =
5 1R 45 B T AR I A T S A S T A I i L
B ARASHEA SR A BOLR PR E B L 20T
FE, 25 R i R DX SO R S R i .

AL EET I KRS K vl 8 S R T A R R
P 38 3% b 240.35.6 ps Ik PEE 0°F0 45° (1053 nm)
1o RS G 2™ A AN U B R R Ik O 1B
SRR AT PR RO B P O 2ok YO 1 B T 1S

2 \PNESE KL VIR I

A

M Chichkov &1 [y BF 58 % B . 2 B0 J
Jok e o ek A v B RGITOAR 5 ik b 8 BE AR bk i RE B
AEFVIIRR  BARRH N

T.(e) ~ %exp(*az), (1)
I.tia
Ti(TL) = C exp(*az). (2)

L T, T 400 e 7 5 A s R EE L 1 o A5k
SRIE oo MK RS B o S MORMIR ISR B C Oy A
FEARZE = AR .y AW T 5 s R &

M 2R (2) 2] DL H L 6 ik ol 78 X A A
HEAT U0 3 AR s W 1 B 5 A bk e i
. BRTER /N, AR R SR DTRE A, 1

S SRR B R L

mode—

frequency pulse
locked
et converter stretcher
pulse
synchronization
o system
2,
g
3D 2 beam pulse regenerative
controllor focusing compressor amplifier

1 g Ik eh 8 52 S g it A

Fig. 1 Schematic diagram of equipment for the ultra-short pulse ablation
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Fig. 2 Ablation morphology of 1053 nm 0° high reflection films at 1053 nm got by optical microscope. (a) 16 ns ablation

morphology (manified 200 times); (b) 16 ns ablation morphology (manified 1000 times); (c) 240 ps ablation

morphology (manified 1000 times) ;

(d) 35 ps ablation morphology (manified 1000 times) ;

(e) 6 ps ablation

morphology (manified 1000 times)
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Fig. 3 Ablation morphology of 1053 nm 0° high reflection films under the irradiation of 10 shots laser pulses,
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imaged by laser scanning con-focal microscope. (a) 35 ps, 100 pJ; (b) 6 ps. 35 pJ
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Fig. 4 3D ablation morphology of 1053 nm 45° high reflection films. (a) Overall morphology;

(b) upper right corner morphology
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Fig. 5 (a) Initial damage threshold of 0° reflective coatings and damage growth threshold of the repaired pits created by laser

pulse with different pulse widths; (b) initial damage threshold of 45° reflective coatings, damage growth threshold of

the damaged pits, and the damage growth threshold of the repaired pits created by laser pulse scanning
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Fig. 6 Images of repaired pits created by 240-ps laser pulse after damage growth testing. (a) Image of the pit bottom

after testing (1000 times magnification) ; (b) three-dimensional morphology of the repaired pit after damage growth testing
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Fig. 7 (a) Images of repaired pits created by 35 ps laser pulse after damage growth testing (1000 times magnification) ;

(b) images of repaired pits created by 6 ps laser pulse after damage growth testing (1000 times magnification)
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Fig. 8 Resistant damage ablation morphology of 45° high reflection films by 16 ns pulses. (a) Overall morphology

magnified 200 times; (b), (¢), (d) morphologies at different parts magnified 1000 times
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Fig. 9 (a) Beam modulation initialed by the repaired pit in 45° reflective coating created by 35 ps laser pulse scanning; (b)

beam modulation initialed by the damaged pit in 45° reflective coating created by 16 ns laser pulse; (c) the calculated

beam modulation initialed by a hole with 100 pm radius; (d), (e), () are the radial distribution of optical

intensities corresponding to (a),(b) and (¢)
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