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Review of Research Progress on Damage Characteristics of Fused Silica
Optics under Ultraviolet Pulsed Laser Irradiation
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Abstract Fused silica optics are highly susceptible to rear-surface damage under irradiation by ultraviolet pulsed laser
with high energy density, which seriously affects the reliability of high-power ultraviolet pulsed laser facilities.
Comprehensively analyzing the related research progress in China and abroad, this paper systematically expounds the
damage characteristics of the surface of fused silica optics under high-energy ultraviolet pulsed laser irradiation, including
typical initial damage and characteristics of damage growth behaviors. Subsequently, it outlines the types and distribution
characteristics of the defects on the surface of fused silica optics, and the intrinsic mechanism of damage induced by
ultraviolet pulsed laser. Then, commonly used surface processing methods and defect control technologies for fused silica

are summarized. Finally, an overview of the research progress on new non-destructive detection technologies for defects

on the surface of fused silica and damage-resistant performance testing technologies is presented.
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Initial damage morphologies on rear surface of fused

Fig. 1

silica optics™

AWEFERIBA AT 1 on 184977 XX LA T 2 HE 22 40 45 1
B B 3506 1 (K b 96 B2 5. 6 ns  HL I KR 355 nm
B Jok O ) X A BT F R R TS TAR L e TR
[7i] 38 5 T 90 4R B0 A R R 38 (Z20m 2 %5 BEIR Y
WA ) o W I SRR W]« J5 3R ) b A s R
TE 7~60 pm Z 8], ¥ {8 Ry 37 pm; 30O R G i
L B RE I T BR (BB K . Negres % FI H 3 cm ot
R 142 #9 OSL(Optical Science Laboratory ) it % & L)
Lon 1 W77 e A e R LflE T — R 509046
f5 s N 14l 2(a) o LID sites fias , 7 LLE 2(b) 1 JE X 58
TH T B A 90 46 B 40 2 0 A AL AR, 25 Rt R ) I 4
P 550 43 AT ARG 5 A A AR AR SE 45 SR AH S . R
A LA & B, 90 46 458 45 0 ROBE FOE 28 BA Geit — 2ok
Fl 2(b) H ECD o & FH e m AU A8 i e

Bk DL b 4 388 SRR AR A1, 90 4d B 45 BT N ik A R
it 0 DR T 3P 5 A 0 b kA 2 2 A R R A
nor ot A AL IX Y SIO, 85 K A A L K & R B R AR
(NBOHC) 5 & 25 it (ODC ) il 4 14 7= 25, LA K 4 B 1
AL SRS . P 345 T R B 0E A 05 S 2R T W
T 0 5 e O BB A 09 1 B B (SEMD) A6 T
Pio ALK, SEM Y S K A e I b 22 5 7 iR )2
SLREAE 90406 T 15 A 04 35K 6 1 1R 4 B 500 R iE Ak 2=
S5 P R 1 B A R b G 5 T A A S T R R S
Ok i A R e W 1 AR A g ST A B B A A TR g
M E T I HE S SUR S K B ke
2.2 BAXERENRGIBRITARE

473 18 K e SR 0 B 40 5 5UTE IS SO Dk b A
TR B4 0 o ROBE (R ) R 1) ) e 82 Kot /. 151 4

1714004-2



E 42 % F 17 H1/2022 £ 9 B /FZ2HR

(@)

3-cm OSL
beam

* LID sites
® CO, fiducials

(b) 150

7 N

0
0 10 20 30 40 50 60 70 80
E

CD /um

B2 1 on 17 AT R SL IS 3R WD A0 4500 . Ca) W0 HR 38 3 a5 20 A 155 0L 5 (b )R A 23 A1

Fig. 2 Initial damage pits on rear surface made by 1 on 1 method. (a) Distribution of initial damage pits; (b) particle size distribution
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Fig. 4 Damage growth of initial damage pit on rear surface
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Fig. 5 Top view and side view for damage growth pit on rear surface of fused silica”. (a) Top view; (b) side view
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Fig. 6 Transverse and depth distribution morphologies of damage growth pits based on synchrotron radiation X-ray microtomography™"
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Fig. 7 Test results of different initial damage points. (a) Damage growth threshold; (b) damage growth probability
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Fig. 8 Size of damage point on surface of fused silica optics varying with laser irradiation time'”
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Fig. 9 Damage growth characteristics of rear surface of fused silica. (a) Relationship between damage area and laser irradiation time;

(b) relationship damage growth coefficient and laser energy density
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Fig. 12 Initial damage point image, transient damage point image after 21 ns pulse irradiation and damage growth image of final state

obtained by time-resolved imaging"”. (a) Initial damage point image; (b) transient damage point image after 21 ns pulse

irradiation; (c) damage growth image of final state
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Fig. 13 Distribution of contamination impurity defects on surface of fused silica optics and surface high-density damage pits caused by

them. (a) Distribution of contamination impurity defects; (b) surface high-density damage pits caused by contamination impurity defects
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Fig. 14 Typical scratch morphologies on surface of fused silica. (a) Linear continuous scratch; (b) disconnected pit scratch; (¢) hertz

scratch
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Fig. 15 Chemical structure defects on surface of fused silica and laser damage induced by them™. (a) Plastic indentation produced by

0.5 N indentation meter; (b) fast fluorescence signal in plastic indentation; (c) laser damage induced by chemical structural defects
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Fig. 18 Hypothetical time line model for laser-induced damage
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Fig. 19 Kinetic process of nanosecond laser induced damage in fused silica optics
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Fig. 20 Difference of energy release of plasmonic fireballs induced by damage of input and rear surfaces of optics™
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Fig. 21 Typical distribution characteristics of damage pits on rear surface of fused silica
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Fig. 22 Fabrication flow of surface of fused silica optics
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Fig. 23  Process of observing subsurface damage layer in grinding process by magnetorheological pit method. (a) Magnetorheological

pit; (b) depth profile of magnetorheological pit; (¢) subsurface damage observed by microscope
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Fig. 24 Subsurface defect diagram after small tool polishing and mechanism analysis for defect generation®™ (a) Subsurface defect

diagram after small tool polishing; (b) mechanism analysis for defect generation
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Fig. 25 Schematic diagrams of magnetorheological polishing and elastic emission polishing. (a) Magnetorheological polishing;

(b) elastic emission polishing
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Fig. 28 Simulation of microcrack morphology scale and transport effect of internal secondary pollution product (SiFy"~) in different

stages of AMP treatment"™”
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Fig. 29 Characteristics of wide-band gap inorganic precipitation on rear surface and damage threshold of different types of inorganic

compounds”™. (a) Microscopic morphology; (b) fast fluorescence characteristics; (c) induced damage morphology; (d) large

scale damage pit; (e) damage threshold of different types of inorganic compounds
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Fig. 32

Surface morphologies of fused silica optics after original polishing, DCE and CEP, and test results of damage probability and

roughness under different treatment processes. (a) Surface morphology of fused silica optics after original polishing; (b) surface

morphology of fused silica optics after DCE; (c) surface morphology of fused silica optics after CEP; (d) test results of damage

probability under different treatment processes; (e) test results of roughness under different treatment processes
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Fig. 33 Non-evaporative repair and evaporative repair
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Fig. 34 Morphology difference of surface scratches before and after modification by HF acid etching™. (a) Before modification;

(b) after modification
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Fig. 35 Schematic diagram of photo-thermal weak absorption detection technology
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Fig. 36 Statistical numerical correlation between average photo-thermal weak absorption coefficient and damage density of rear surface

of fused silica under 12 J/cm® luminous flux
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Fig. 38 Comparison of detection results of white bright field microscopic imaging and ultraviolet laser induced fluorescence imaging.

(a) White light field microscopic imaging; (b) ultraviolet laser induced fluorescence imaging
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Fig. 39

Detection result of confocal three-dimensional imaging for fluorescence defects on surface of fused silica (two-dimensional

fluorescence detection result is shown in upper left corner)
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Fig. 41 Schematic diagram of 1 on 1 testing method
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Fig. 42 Raster scan and spot splicing mode used in damage density testing. (a) Raster scan; (b) spot splicing mode
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