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Cumulative effect of thin film laser damage under S-on-1 measurement mode

LI Yuyao' , ZHANG Wanyi', LIU Zhe', LI Meixuan', FU Xiuhua'"
(1. College of Optical and Electronical Information Changchun University of Science and Technology, Changchun 130012, Chi-
na; 2. College of Opto-electronics Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to study the damage mechanism and influencing factors of laser thin films, the principle of radiation
measurement based on flat top beam was proposed. The cumulative damage effect of HfO, films processed by electron beam
thermal evaporation under the repeated frequency laser irradiation was studied by using 1064nm Nd: YAG laser. After theoretical
analysis and experimental verification, the characteristics of two measuring methods, 1-on-1 and S-on-1, were analyzed based on
the measuring principle of damage threshold. The irradiation laser energy was seeked by dichotomy. Each energy density was
irradiated at 20 test points. Zero probability damage threshold and least square method were used to fit and determine the
measurement results. The results show that for the same kind of film, the damage threshold measured by 1-on-1 method is
15.75]/cm” and the damage threshold measured by S-on-1 method is 11.90]/cm’.

damage morphology shows that S-on-1 measurement method reflects the typical cumulative effect. The study is of great importance

The comparison of damage threshold and

for the study of laser damage mechanism and influencing factors of thin film.
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Fig.1 Figure of measurement principle
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Fig.2 Measurement mode
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Table 1 Measurement data of 1-on-1 measurement mode

energy density/(J + cm~?) damage probability/ %

1 3.0 0
2 70.0 100
3 36.5 100
4% 19.75 40
5 20.75 50
6" 21.75 65
7 22.75 75
8" 23.75 90
9 24.75 100
10* 18.75 30
11 17.75 25
12" 16.75 10
13 15.75 0
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Fig.3 Measurement results of 1-on-1 measurement mode
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Table 2 Measurement data of S-on-1 measurement mode

energy density/(J « cm~2) damage probability/ %

1 3.0 0

2 42.0 100
3" 22.5 95
4 21.5 90
5" 20.5 80
6" 19.5 70
7" 18.5 60
8 17.5 45
9" 16.5 35
10" 15.5 30
11 14.5 20
12" 13.5 15
13* 12.5 5

14 11.5 0
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Fig.4 Measurement results of S-on-1 measurement mode

Fig.5 Damage morphology of 1-on-1 measurement mode
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Fig. 6 Damage morphology of S-on-1 measurement mode
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