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Research on laser irradiation uncooled microbolometer
based on finite element analysis

ZHOU Bing, HE Xuan, LIU Hexiong, LI Bingxuan, ZHANG Yan
( Department of Opto-Electronics Engineering, Army Engineering University, Shijiazhuang 050003, China)

Abstract: In order to study the laser damage threshold of an uncooled microbolometer, according to the construction and
imaging principle of uncooled microbolometer, the temperature response mechanism of the pixel was analyzed, and the formula for
calculating the temperature increment of the laser under the zero offset and single offset time was derived. A finite element
analysis model of laser irradiated uncooled microbolometer was established. Simulation was carried out by loading the heat source
load in combination with actual working conditions. Then the process of soft damage caused by laser was simulated. The
conclusion was drawn: laser soft damage threshold approximate calculation of the pixel temperature response under zero bias

conditions can be used to meet 3% accuracy. This study provides a reference for the calculation of damage threshold for laser

suppression interference infrared imaging systems.
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Fig.2 Typical readout circuit of pixel
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Fig.3 3-D model of uncooled microbolometer
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Table 1 Typical parameters of ULO1011 320 x 240 «-Si uncooled microbo-

lometer

parameter value
wavelength 8um ~ 14 um
absorption 7 80%
temperature dynamic range 0K ~90K
thermal conductance G 1 x1077W/K
heat capacity C 4x107°J/K
temperature coefficient of resistance a -0.025K !
resistance R, 20kQ
bias resistor R}, 20kQ
bias boltage U 0.5V ~3.3V
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Table 2 Parameters of simulation 1,2

No. Py/W Py/(W-mm™>)  o/(rad-s™")
1 1.6 x10°¢ 5 0
2 7.8x107° 10 100

TR (7) 30 AR (11) R AR AT P, #%
M2 3 I UEHEA T, BN 64 ps.

Table 3 Parameters of simulation 3, 4

No. Py/W Py/(W-mm™>)  o/(rad-s")
3 0 0 0
4 3.4x10°¢ 2.5 0
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Fig.4 Temperature curve and steady temperature distribution of simulation 1
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Fig.5 Temperature curve and steady temperature distribution of simulation 2
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Fig. 6 Temperature curve and steady temperature distribution of simulation 3
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Fig.7 Temperature curve and steady temperature distribution of simulation 4

Table 4  Effective simulation parameters of laser soft damage caused by laser

P,/ w/

No. T,/K (W.:nm_S) (rad - 1) Py/W
5 380. 69 6.3 0 1.0x1073
6 386.32 15 50 2.5%x1073
7 382.45 27 100 4.2%x1075
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Fig. 8 Temperature curve and steady temperature distribution of simulation 5
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Fig. 10 Temperature curve and steady temperature distribution of simulation 7
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