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Coplanarity evaluation model of long linear LWIR detector

Ma Jun
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: Due to the influence of thermal stress and boundary conditions, the long linear long wave
infrared(LWIR) detector will deform when it works, which may damage the chip or make the photosensitive
surface un-confocal. The coplanarity evaluation of the detector under the condition of thermal-mechanical
coupling is one of the important contents of the design of long linear LWIR FPA. The factors that may cause
detector deformation were analyzed, and the main factors were identified by finite element model(FEM)
simulation. Taking these main factors as variables, the coplanarity evaluation model of long linear LWIR detector
which under the condition of thermal-mechanical coupling, was established based on the laminate theory. Error
analysis of the coplanarity evaluation model was presented, and the error introduced by the model was acceptable
in engineering. The coplanarity evaluation model was used to improve the structure of the focal plane
assembly(FPA), and the effectiveness of the improvement was verified by FEM simulation and test. The
verification results show that, after the structure is improved, the flatness change of photosensitive surface is
reduced from 170 pm to 10 pm, which meets the design requirements of less than 20 um.
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Tab.1 Flatness of butting base under different cases

Case No. Load Influencing factor which is analyzed Changed conditions relative to basic settings ~ Flatness/pm
1 Packaging stress Packaging stress Basic settings —1.68
2 ; 1 atmospheric pressure 6.73

Packag}llng. stress and Atmospheric pressure
3 atmospheric pressure 0.5 atmospheric pressure 2.53
4 Forced displacement is 0.05 mm —2.47
Packaging stress and assembly stress Flatness of fixed interface
5 Forced displacement is 0.03 mm -2.14
6 Packaging stress and Thermal str The temperature load is applied 176.41
temperature load ¢ Stress ¢ tempe ¢ loac1s appiie '
7 i Young's modulus of cold chain is 14400 GPa 280.44
Packaging strels N i’ind Stiffness of cold chain
8 temperature oa Young's modulus of cold chain is 1.44 GPa 154.45
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gR1
Continued Tab.1
Case No. Load Influencing factor which is analyzed Changed conditions relative to basic settings  Flatness/um
9 Packaging stress and Young's modulus of support pole is 11000 GPa 70.65
Stiffness of support pole .

10 temperature load Young's modulus of support pole is 1.1 GPa 192.61

11 . CTE of cold plate is 8.0x10/K 349.13
Packaging stress and Coefficient of thermal expansion of cold plate .

12 temperature load CTE of cold plate is 1.0x10/K —75.85

13 ; Thickness of cold plate is 5 mm 157.93
Packaging strelss an Thickness of cold plate

14 temperature loa Thickness of cold plate is 6.5 mm 133.54
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Fig.9 Curves of the flatness of butting base with the thickness of cold

plate
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Fig.10 Curves of the flatness of butting base with the CTE of cold plate
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Fig.11 Schematic of the design improvement of laminated structure
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Fig.12 Curves of the flatness of butting base with the thickness of cold

plate after design improvement
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Fig.14 Deformation of FPA in ground test (Unit: mm)
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Fig.15 Schematic of detector flatness test
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Fig.16 Location of sample point in the flatness test of detector
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