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Research progress on laser-induced damage mechanism and threshold
improvement of pulse compression gratings

Bai Qingshun,  Sun Hao, LiYuhai, ZhangPeng, Du Yunlong
(School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The damage of pulse compression gratings is the key factor offecting the stable operation and power
improvement of chirped pulse amplification system. In this paper, the laser-induced damage mechanism of pulse
compression grating under laser radiation is summarized, the effects of surface morphology, processing mode,
structural defects and surface pollution on grating damage are explored, and the internal causes of damage are
explained from the perspective of micro damage mechanism. In the aspects of laser pretreatment, processing
technology and surface pollutant removal of pulse compression grating, the internal factors to improve the grating
damage threshold are analyzed, and the technical measures to improve the grating damage threshold are given. A
combination of various measures is proposed to improve the laser-induced damage threshold of the grating. The
research on laser damage mechanism and threshold of pulse compression grating has practical significance for the
stable operation of pulse compression grating system and lays a foundation for the output of high energy density of
laser device. Finally, this paper puts forward the scientific and technical problems of grating’s laser-induced damage
research, which provides new ideas for improving the laser-induced damage threshold of pulse compression grating,
and help the development of major scientific devices and important technical fields.

Key words:  pulse compression gratings, laser-induced damage threshold, damage mechanism, threshold
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(a) nodular defect model®” (b) distribution of electric field>* (¢) morphology of film damage®®’
Fig. 1 Nodular defect morphology under laser irradiation

P eSO RS T 45 BRBE IR A

nodular nodular
defect defect

substrate substrate

(a) under the grid column (b) under grating groove
Fig. 2 Distribution of nodular defects in gratings
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Fig. 3 Grating damage morphology and electric field distribution caused by nodular defects at different positions of s-polarized

Ti:Sapphire laser with an incident angle of 65° and a pulse duration of 32 fs!!
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laser fluence

number of laser pulses

Fig. 4 Damage evolution of grating film under irradiation of 120 fs, 796 nm, 10 Hz laser'*”’. (a)(d) nano bumps;
(b)(e) surface roughness; (c) nano cracks; (f) film falling off
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Fig. 5 Distribution of grating films
Bl s SEMERZ oA 5 =X

P, SRR 2 RG4S 2 R I PO RRUBE 22 ) P R v o JHL vl L 7 SR R 4 e LA — s I B O 4
PEBE I FLISEJZ PR 3G, (R 2 5 B A R 2 (8] A 45 6 1 AR . R FH R SR 2K Ko 4 10 4 T G, B U 48 475
TE A BB 2 WV, EL B B S 5 B A 15 I 3 0 N . PR SR K ) A 400 R B R B (R G R
6 B, Mot ARE RIS F 0.55 Jem? B, 4 J@ BT 245 M WOGTE A RE &K 5] 0.65 Jem® B, &85 4 J& A5 i 7%
IE I TR T AR R A RS R O R Ry SO . R TR L R R MV o AR B D R R
J2 (18 7 3 A2 5t AR R R i T B0 X R DXV, DM S L SR BE AL 1 B ALARAE, Al 7 R, ik SE LR
PRI Y PR R o B2 MO IR B3R5 5, R 4356 20 15 220 ok 1y Y WA 280 56 e, 5 L s S0l 14 4 Jis AR,

081002-4



EBIAE - Tk i T 45t A B4 38500 4 470 AL 28 L 478 T AR BT b

e

Fig. 6 Grating damage morphologies of Ti: Sapphire laser with different laser injection energy and film

deposition methods at a frequency of 1 kHz and a pulse duration of 60 fs"*
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(a) injection energy is 0.34 J/cm?,  (b) local amplification of fig (a)  (c) when the injection energy is (d) metal particles appear
the film bulges and pinholes 0.39 J/cm?, the film breaks when the film breaks
occur at the bulges

[51]

Fig. 7 Damage morphology of ACG prepared by electron beam evaporation with Ti: Sapphire laser at frequency 1 kHz and pulse duration 60 fs!
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Fig. 8 Changes of LIDT of SiO, sol-gel film with pollution time®!
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Fig. 9 Damage morphologies of MMDG with 1.48 J/cm, of particulate
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Table1 Comparison of influencing factors of laser-induced damage threshold

influencing factor damage forms damage mechanism
(1) under the grating column: the central grating column
disappear, the adjacent two grating columns partially with the increase of electric field strength, the collision
nodular defect®*" disappear effect of free electrons is enhanced, which leads to

(2) under the grating groove: two adjacent grating columns  avalanche ionization

disappear

. . the bumps are formed by nodular defects, the electric field

laser injection energy damage process: bump generation, more bumps, nano . L .
. is enhanced, the free electron collision is intensified, the
and pulse number*' !  crack, film falling off
nano cracks are formed, and the film finally falls off

(1) electron beam evaporation preparation: bubble the photoresist ionizes free electrons to cause bubbles;
formation, nano crack generation and propagation, and with the increase of electric field strength, the nano cracks
film deposition final film peeling off and the film peeling off
1[349 " ionization of free electrons; as the radiation time increases,
process (2) magnetron sputtering: melting of films and the number of free electrons increases, the collision
microstructurest***! intensifies, and the radiation energy absorption causes the
gold film to melt
. o o the contamination absorbs radiation energy and excites
surface organic contamination carbonization, surface . . )
L ses N free electrons; with the increase of electric field strength,
contamination®*>"! microstructure damage

electron collision and avalanche ionization are intensified
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coating development etching cleaning

substrate substrate substrate substrate substrate
(a) preparation process of MDG B photoresist Il Sio,
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photoresist spin exposure an ctching cleaning

coating development

substrate substrate substrate substrate substrate
(b) preparation process of MMDG

Fig. 10 Typical pulse compression grating preparation process
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Fig. 12 Elements content of the surface of the substrates'®”’
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Table 2 Comparison of laser damage threshold enhancement process schemes

technological process advantages disadvantages
high temperature the film performance is improved; significant LIDT annealing temperature and time have great influence on
annealing!*>®! increase the LIDT; the operation is complicated

ion beam etching!®™* remove of pollutants; reduction of defect density potential damage to the surface

nanosecond laser pre-

. . . heat accumulation on grating surface caused by long
. easy operation; on-line operation; removal of pollutants

irradiation! time pre-radiation

significant effect of threshold promotion; easy the pollutants produced in operation cannot be removed;

cleaning of PCG!*™ operation; plasma cleaning can be used to realize on-line  chemical cleaning method is difficult to realize on-line

cleaning cleaning

introduction of impurity gas reduces the vacuum degree,

introduction of O, and N, easy operation; good economy; on-line operation

resulting in laser dispersion
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