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Damage mechanism of back-illuminated CMOS image

sensor irradiated by pulsed laser
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2. Army Armaments Department, Changchun 130033, China;
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Abstract: The CMOS image sensor is widely used in aerospace, medical imaging, industrial detection, milit-
ary reconnaissance, and other fields. The laser interference and damage to CMOS image sensors have also
become a research hotspot in related fields at home and abroad. To investigate the impact of pulsed laser on
back-illuminated CMOS image sensors, we select the Sony IMX178 back-illuminated CMOS image sensor
as the target. Based on the heat conduction equation, the finite element simulation software COMSOL Mul-
tiphysics is used to compare and calculate the temperature distribution of the CMOS image sensor under the

irradiation of single-pulse lasers with different parameters. The calculation results indicate that the point dam-
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age thresholds of the sensor under the effects of single-pulse lasers at 532 nm (1 ns), 1064 nm (1 ns), 532 nm
(30 ps), and 1064 nm (30 ps) are respectively 61.12 mJ/cm?, 75.76 mJ/cm? 31.83 mJ/cm?, and 37.43 mJ/cm?.

Subsequently, an experimental study is conducted on the laser irradiation effects of back-illuminated CMOS

image sensors. The experimental results demonstrate that the image sensor exhibits a lower damage threshold

under the influence of 532 nm pulsed lasers compared to 1064 nm pulsed lasers; picosecond pulsed lasers,

with higher peak power compared to nanosecond pulsed lasers, are more prone to causing point damage. The

calculated point damage thresholds are highly consistent with the experimental results.

Key words: nanosecond pulse laser; picosecond pulse laser; thermal effect; damage threshold
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Fig. 1 The two-dimensional structure of the back-illumin-

ated CMOS image sensor
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Tab.1 Thermodynamic parameters of materials

PI Si Al
(kg m™) 1190 2329 2700
SPHEBY(W-m K 0.3 27 238

Pk 2% (1/K) 2x10°° 2.6x10° 23%10°
H A/ -kg ! K?) 1510 700 900

1 it (Pa) 3.2x10° 170x10° 70%10°
THFALL 0.35 0.28 0.33
(K 710 1685 932
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Tab.2 Point damage thresholds under various laser
parameters
Hkrio ST/ (m]-cm™?)
532 nm, 1 ns 61.12
1064 nm, 1 ns 75.76
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Fig. 7 Light path of CMOS image sensors irradiated by
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Fig. 8 Damage condition of CMOS image sensors irradiated by 532 nm nanosecond single pulse laser. From left to right, the

laser energy densities are 28.95 mJ/cm?, 69.91 mJ/cm?, 167.6 mJ/cm?, 519.3 mJ/cm?, respectively
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Fig. 11

Damage condition of CMOS image sensors irradiated by 1064 nm nanosecond single pulse laser. From left to right,

the laser energy densities are 40.79 mJ/cm?, 100.6 mJ/cm?, 132.4 mJ/cm?, 1.24 J/cm?, respectively
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Fig. 14 Damage condition of CMOS image sensor irradiated by 532 nm picosecond pulse laser. From left to right, the laser

energy densities are 18.95 mJ/cm?, 78.93 mJ/cm?, 120.49 mJ/cm? 501.33 mJ/cm?, respectively
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Fig. 15 Damage condition of CMOS image sensor irradicatd by 1064 nm picosecond pulse laser. From left to right, the laser
energy densities are 19.71 mJ/cm?, 90.76 mJ/cm?, 123.80 mJ/cm?, 566.19 mJ/cm?, respectirely
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Fig. 16 Comparison between simulation results and exper-

imental results of point damage threshold
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