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Influence of laser energy density on thermal stress at photosensitive
layer of CMOS detector

DAI Jingi', YU Hailong', WANG Junguang’, GAO Xun'
(1. School of Physics, Changchun University of Science and Technology, Changchun 130022, China;
2. Optoelectronics Research Institute of China Electronics Technology Group Corporation, Tianjin 300308, China)

Abstract: A study was conducted on the influence of incident pulse laser energy density on the thermal stress
at the photosensitive layer (silicon dioxide layer/silicon layer interface) of a nanosecond pulse laser irradiated
complementary metal oxide semiconductor (CMOS) photodetector. A simulation geometric structure model of
CMOS photodetector was established. Based on the Fourier thermal conduction equation and thermal coupling
equation system, the temperature rise and thermal stress at the central point of the photosensitive surface of
CMOS photodetector under nanosecond pulse laser irradiation were simulated and calculated. The influences
of incident pulse laser energy density on the temperature rise time evolution process and the spatial distribution
of thermal stress were discussed. The simulation results show that as the energy density of the incident pulse
laser increases, the peak temperature and the thermal stress at the photosensitive layer of the CMOS
photodetector increase. When a nanosecond pulse laser irradiates a CMOS photodetector, the tensile stress at
the photosensitive layer causes mechanical damage to the CMOS photodetector first. As the laser energy
density increases, the thermal damage occurs. The research results have certain theoretical support for the study

of the damage mechanism and damage effect of nanosecond pulse laser induced CMOS photodetector.
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Table 1 Parameters of material thermal properties
Parameters Al Si0, Si
Density/kg-m 2700 2640 2330
Coefticient of thermal 238 1.3 148
conductivity/W-m ™K™'
Specific heat capacity/J-kg "K' 900 787 700

Coefficient of thermal expansion/K™' 1.37x107° 5.0x107 7.8x10°°
Poisson ratio 0.33 0.17 0.28

Melting point/K 933 1973 1687
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Fig.3 Temporal evolution of temperature at photosensitive

surface center of CMOS photodetector irradiated by

nanosecond pulse laser
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Fig. 5 Spatial distribution of axial temperature in CMOS

photodetector irradiated by nanosecond pulse laser
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