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Research on damage mechanism of 416 nm nanosecond pulsed laser to CCD

OU Yuan', SHI Genzhu', LI Diandian', LYU Yong’, NIU Chunhui’
(1. Institute of Systems Engineering, Academy of Military Sciences, Beijing 100081, China; 2. School of Instrumental
Science and Photoelectric Engineering, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: The damage experiment of 416 nm nanosecond pulsed laser to charge-coupled device (CCD) was carried
out. The process from point damage to line damage and then to surface damage was observed. The damage energy
density thresholds corresponding to point damage, line damage and surface damage were calculated to be 16.7 mJ/
cm’~71.9 ml/en’, 61.0 mJ/em’~207.8 mJ/cm’® and 352.6 mJ/cny’, respectively. Through analyzing the microscopic
images of the damage point surface of CCD in different damage states and measuring the resistance values between
CCD electrodes corresponding to different damage states, it was concluded that the different damage states were
mainly caused by the different changes of resistance values caused by the phase change of silicon dioxide insulating
layer material. Through simulation of COMSOL software, it was concluded that the silicon dioxide insulating layer
was the first layer to melt in each layer of CCD, and the energy density was 420 mJ/cm’, which was close to the
experimental results and proved the correctness of the analysis of CCD damage mechanism.
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Fig.2 Structure diagram of inter-line transfer array CCD
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Fig.3 Schematic diagram of experimental device
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Fig. 5 Line damage images of CCD in different positions
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Fig. 7 Microscopic image of point damaged CCD
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Table 2 Resistance values between undamaged CCD pins
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Table 3 Resistance values of CCD pins under point damage
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Fig. 8 Microscopic image of CCD microlens layer under

line damage
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Table 4 Resistance values of CCD pins under line damage
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Fig. 9 Microscopic image of CCD microlens layer under
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Table 5 Resistance values of CCD pins under surface damage
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Fig. 11 CCD pixel temperature field
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