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Abstract; With the increasing requirements of infrared detectors for high sensitivity, fast response,low cost and
other performance parameters, the new uncooled microbolometer has attracted great attention and interest. In this
paper,a micro-radiometric thermopile unit structure with a bilayer umbrella-shaped hollow absorption layer was
designed, and the performances of different structures was analysed by simulation. The effects of the thickness and
area of the absorber layer on the infrared absorption rate, thermal time constant and voltage response rate were
investigated. The results show that the infrared absorption rate of the absorbing layer of the bilayer umbrella
structure with a thickness of 70 nm exceeds 82.5% . The response time of the optimized design model with an
absorbing layer area of 106. 4 pym” and a thickness of 70 nm, with a response time of 0. 54 ms, demonstrating fast
response and high stability. Electrical simulation results show that the structure possesses an effective thermal
conductivity of 7. 384X10% W/K and a response rate of 2.461X10° V/W under a bias current of 2 A, which is
suitable for preparing high-performance fast-response uncooled infrared focal-plane detectors and provides a good
solution for the preparation and circuit design of uncooled infrared detectors. This provides feasible theoretical
guidance for the preparation and circuit design of uncooled infrared detectors.
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Fig. 1 (a)The side view of the traditional double-layer

microbolometer; (b) Main view; (c¢) Top view of

skeletonized double-layer microbolometer; (d) Main view
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Table 1 Parameters of unit structural materials

Heat conductivity/

Material Density/ (k 3 Thermal capacity Temperature coefficient
ateris sit . ;
atena cnstty/ike s m (Wem !«K™D (Jekg '« K™D of resistivity/K ™!
Sis Ny 3 200 2 330
VO, 4 340 5 500 —0.022
Ti 4 510 17 126
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Fig. 2(a) Infrared absorption curves of the bilayer microbolometer with different thickness of umbrella-shaped absorption layers;

(b) Localised enlargement of Fig. (a) ; (c) The effect of different hollow areas on the optical absorption of the structure;

(d)Localised enlargement of fig. (c)
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Table 2 Variation in absorption for different umbrella-shaped absorber layer thicknesses

Thickness/nm 25 50 70 100 125 150 200 250
Max absorption/ % 99.1 99. 67 99. 89 99. 98 99. 8 99. 38 97.95 96. 47
Average absorption/ % 81. 81 83.01 83.74 83. 84 83.12 82 79. 15 77.18
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Table 3 Variation of absorption rate for different umbrella-shaped absorber layer areas

Area/pm? 55. 36 61.56 79. 96 106. 4 122.6 140. 8
Max absorption/ % 99. 25 99. 39 99. 62 99.79 99. 85 99. 89
Average absorption/ % 82.5 82. 82 83.23 83. 46 83.59 83. 74
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Fig. 3(a) Temperature distribution at 30 ms for a thickness of 100 nm; (b) Temperature variation over time for absorption

layers of different thicknesses, without hollow areas
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Table 4 Variation of time constant and maximum temperature with different thicknesses of umbrella-shaped absorption layers

Thickness/nm 25 50 100 125 150 200 250
Thermal time constant/ms 0. 45 0.52 0.58 0. 66 0.73 0.78 0. 89 0.98
Maximum temperature/ C 293.627 293. 648 293.659 1 293.659 2 293. 643 293. 624 293.577 293.535
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(a) Temperature distribution map at 30 ms for a thickness of 70 nm and an absorbing area of 106. 4 pm’ ; (b) Temperature
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distribution map with absorption area of 55.36 pm’; (c) Temperature variation over time for absorption layers with different

hollow areas at a thickness of 70 nm
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Table S Variation of time constant and maximum temperature with different areas of umbrella-shaped absorption layers

Area/pm? 55. 36 61.56 79.96 106. 4 122.6 140. 8
Thermal time constant/ms 0.42 0. 42 0.43 0. 54 0.56 0.58
Maximum temperature/ C 293. 342 293. 366 293.434 293.530 293. 589 293.659
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(a) Thermoelectric coupling temperature distribution map of different absorption layer thickness; (b)Local

enlargement of thermoelectric coupling temperature distribution; (¢) Thermoelectric coupling temperature distribution of

different absorption layer area
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