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1R T RO R SR
SCH R 1/4 BRI HIO, /SiO, & R H

Fig. 2 Deposition rate and etch rate of the coating materials
PR 2 R Rk 18 T L A 22 okt o
100

i 2 M air: L(LHD "™ ;sub], TAEP KR 1064 nm, #EfE g0k

BRI 3y — 1. 884 il m, — 1. 468, 42 HIO,

WERERG JEHE Oy 141, 19 nm. B2 SO, WBE R Y £ O

181,21 nm. IO AR EEH 4. 37 um. EARBEIE E a0l

J e IR B O R R A 1 L SIO, MR T B .
HIEO, Bhkk LA T e B8 % F 20 bl % . B Si0, # ol oo s

19 T SR ROCRTE 0 TR I 1 7 5 v R 4R SR oL b — .
S0, FHRHE A TR IR (0 b 5530 B 75 19 5 T 5 10 3 sraselsngtis fe
BRI S M, UL % SiO, 4 TR 20 o i 2 1 Fig. 3 Transmission spectra of 1064 nm high-reflection

K HIO, BJUTFRSE R A 2 Frs .
TG EALE G2 ) 5 R EE R R JRORL AR 1

KA ARSI R TR P AR T5 U A A [ S 3E AL R B2 Y 52 36 R i i 41 4 R 1 2 Bl B8 (SEMD SR £

092001-2

coatings with different thickness planarization layers
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(a) 1 pm seed diameter (b) 1.5 pm seed diameter (c) 2 pm seed diameter

Fig. 6 Cross-sectional SEM images of nodular defects with 1. 25 pm-thick SiO, Planarization layer
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Fig.7 Cross-sectional SEM images of nodular defects with 2.5 um-thick SiOs planarization layer
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Fig. 8 Cross-sectional SEM images of nodular defects that grow from 2 pm-diameter seeds with different planarization layer thickness
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Fig. 9 Cross-sectional SEM images, simulated electric field intensity(EFI) distributions and damage morphologies of

nodular defects that grow from 2 pm-diameter seeds
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Improve the LIDT of high-reflection coatings by planarizing nodular defects

Xie Lingyun'?, He Tao'?, Zhang Jinlong'"*, Jiao Hongfei"?, Ma Bin""?, Wang Zhanshan'"?, Cheng Xinbin'*
(1. Key Laboratory of Advanced Micro-structure Materials, Ministry of Education
Tongji University, Shanghai 200092, China;
2. Institute of Precision Optical Engineering s School of Physics Science and Engineering »
Tongji University , Shanghai 200092, China)

Abstract: Nodular defects planarization was investigated to improve the laser-induced damage threshold (LIDT) of high-re-
flection coatings. The monodisperse SiO; microspheres were deposited on the substrate surface by spin coating process. In the du-
al ion beam sputtering system, the artificial nodules were grown from these engineered seeds in 1064 nm HfO,/SiO, multilayer
coatings. After a series of coating and etching steps. the SiO, microspheres were smoothed by a single SiO, planarization layer.
The relation between the thickness of the planarization layer and the size of the microspheres has been investigated. When the pla-
narization layer (etching layer) thickness was slightly larger than the diameter of the seeds, the seeds could be completely planari-
zed to obtain smooth thin films. Furthermore, the three-dimensional finite-difference time-domain code (FDTD) was used to sim-
ulate the electric-field intensity distributions in the artificial nodular defects. The comparison between the electric-field intensity
distributions and the nodular morphologies of the non-planarized nodular defects and partially planarized nodular defects indicates
that the nodular defects planarization has changed the geometry of nodular defects and effectively suppressed the electric field en-
hancement in nodular defects. Finally. nodular defects with different thickness planarization layers were tested by raster scan
damage tests. For the nodular defects with an adequate planarization layer, the laser damage threshold test results show that the
ejection fluences has been greatly raised, which has verified that nodular defect planarization could improve the damage resistance
of thin films.

Key words: nodular defects; planarization; electric field enhancement; laser-induced damage threshold
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