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Effect of 1 064 nm laser conditioning on damage morphology

change process on HfO,/SiO, reflective film

Liu Zhichao, Zheng Yi, Pan Feng, Wang Zhen, Wang Jian, Xu Qiao
(Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The effects of varied laser conditioning parameters on the damage morphology change process
of HfO,/SiO, reflective film under nanosecond pulse were experimentally studied in this paper. By
comparing of damage expansion and the influence on spectra for two types of damage, the role of laser
conditioning is illuminated to restrain the process of damage morphology change process. The two
contrary impacts of laser conditioning on thin film, nodule clean up and absorbing precursor formation,
were revealed by damage morphology analysis. The experiment result shows that the contours of damage
morphology change thresholds will shift to higher laser fluence and more shots after laser conditioning. In
addition, considering efficiency and profit of laser conditioning, the combination of higher laser fluence
and two scanning steps could have the best choice in morphology changing elimination, and the
morphology change threshold could increase to 140% in the best case.
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Fig.1 Typical damage morphology of reflective film: plasma

ablation damage and delamination damage

W 7 Ik of Y o R B O, R 4
TR o A5 B TR B I 2 1] 73 SRRV R e AL, 4
BT AR I AR 0 5 23 IRV S Z A A 2
A b SRS HA O R B BRER A5, R
WOy J= R R AR A iR A= oAb T X — B BeRY

0606003-2



9Nk TAE

% 04

www.irla.cn

% 46 %

58073 R HL AT 45 8 1 OB e IS5 475 ) e b ksl e A
WA 73 2 VR 2R 0007 ) BRI 45 4 . — ELAiA)s
e FRE R AT — e B DI, U5 £ TV 5 2 3 R R
LA , RAERMEVERY S 1L, eI 453405 AN P AT 422
HIE T WL, S50 25 Al 2 S BB on i S R PR i
DRBAES B AR, A T Fofefbd 7 A 2 A 285 Py 400 it D) i
PO FAL R R B R SO 7R —— R i 85/ R
JERBOCHR IR, (A5 o0 3 i — S Y (k4 2
PR £, (HAE R SO T CE 2 R WU &
M ) A R AT A A, NS4 16 oo
WOCHIREST

2 KIKEMH

L1400 mmx400 mm K 042 ) 45°P % 1 064 nm
FFHGEAE R R i HEA T AN [RIBOC B B S 40T 1Y 22 ik
AR O TE AS  AL R 1 S0 30, R o R L IR 2R R
75 2 %, HBE AR HEO, F Si0,, 52 5 I %
B2 VA R 2R S/(HL) 17/A , FF R P8 s 2ok
AT Tk T Ab 3R A0 A S g6 A A /N F AR B
LWL FRAE B EHEATRY, 3 E R R EOL
Yo JUEi R AR DGR AL A2 W B D)L K SR
RGEITHI L, G0 2(a) 7 o WO 05 K f g
M 14T, OIS 1064 nm , ik vh 55 FE (FWHM) Ky
(a) Shutter 1

Wiz 2 1

Conditioning o
laser source O

; Lens Shutter 2
Pilot laser 0 \BSI |
E::mmz U I Large

g
X-¥ movement
Beam profile

platform
| _ |
[ Autormatic |

control and

analysis system

(b)

Pl 2 PO B AL P A AT O O TR il /23 i) 23 A
Fig.2 Schematic diagram of laser conditioning device and beam

temporal/spatial distribution
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Fig.3 Signal detection procedure of damage morphology change
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Tab.1 List of laser conditioning parameters for

each sub-region

Number of Conditioning energy/J - cm™
sub-region and scanning step
1# 17
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Fig.4 Contour of damage morphology change thresholds under

multi-pulse with varied laser conditioning parameters
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Fig.5 Curves of damage morphology change probability under

150 pulse with varied laser conditioning parameters

AN FUAh R 2 50T BB 03 T 245 B Ak L e i 2k A7
FER RS AT W PR B S A0 A X HR G TE S 5 R I
FHEART HCECA R, WA AR IR AR T 58 2 1 T
AR, A B PR AL B2 50T FE SRR
PR 5 TS fee KU 2S o TEPRE B X R
FH 6 B0 A F 2 A T AL B S R0 4 A
BT A AL s R A5 IR, 5 S 6 iR, H
H &L 6(a) R SR AN [ BE 22 28 B 1 BRLR (B P28 ) il ik
PR A TS S5 LRI Xt b B B g
S AR I, FLTE S A 4R 16) v i L
6] 8% 3, AT 00 R 48 1 906 i o LAk B (90 J/em?) Xif
TR0 A5 A a1 o o 8 SR 2 ) 8 0 A
WAL (15,35 .70 Jem?) , FEEAT AL T AL B, phy
9 R T A7 7 o /A1 (P BB, 2 SR BB M1 TR
AR DA R UK 0 (T B Y5 53 T T 1204 v 1 1
B2 25 B 5 AR s o R BRUAe v s L3, O G i 2 Bk i
F5 (L S0 573, ) T 1 8 25 83 UK 0 {1 e o , A 17T B 4
IR A 5 Ak 7E B A% 5 YO 5 TR Y TR
W, JE— 2R G B A 4, IR A AN TR % 1904k B 5%
Ho oo J/em? VRN RS fE R, RIRE A g &
Wy tE 47 FUAh B S B0 S 5 AL LRI n 6
(DY FTR . IEERAT LG R FH 8 = 4 & B i

Ak B4 SR W S G TR T AL FAR B, 0 X
T A i R R (s B B LR B BRACR . £
A WAL B T RE R G B LAY, R B E
SREAARBERF B A RN 2 BR , T3 00 (EARE R R
VAL G it fr Bt s, Ha e 8% 1k
HIBCRIT AR B — L e, R b BT —E
FEBERY R, 3 LI A B 52 A Ji DR D AT 5 i Ak 2
B P A TR A D R A O, 5% T AR BEMIL K 72
T THE . LR ERTIR 7 AN BASCR A [R]
S m T Ak B A v R IR R BB R B AP 15 B AL B
RE e A7 R A i F52 45 T8 25 54 o

1.0
09l @ P
. 0. 7
2 07 ;
%u& / *g
€ 0.5¢ T
b
: 0.4r 7 / —— A
@ 0.3 /
% 0.2 // ///
2 oaf ;»géL//
0 , el

80 100 120 140 160 180 200
Fluence/J-cm™

40 60

09 5
o7 v /// e
o a7 B

probability/a.u.
=1
f=a)

—12#

Damage
=1
N

o i
100 120 140 160 180 200
Fluence/J-cm™

I 6 FAREHOGRE R T AR & By 3 O 5 A LR e
Fig.6 Impact of laser fluence and scanning steps on damage

morphology change probability curves
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Fig.7 Positive impact of laser conditioning on thin film
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Fig.8 Negative impact of laser conditioning on thin film
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