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Fig. 2 Schematic diagram of the thermo-mechanical

equivalent model of the movable micromirror
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Fig. 3 Thermo-mechanical sensitivity vs thickness

ratio of the bimaterial cantilever beam
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Table 1  Optimal thickness ratio and maximal thermo—

mechanical sensitivity of the bimaterial cantilever beam

| n=x/12 §= &/AT(m* K "
A1/8i02 | 0.598 3.305% 10 ®
Al/SiN« | 0.713 2,982 10 *
Au/Si02 | 0. 622 1.930% 10" *
Au/SiN. 0.742 1.617x10" %
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Table 2 Properties of material used in theoretical calculation and ANSYS simulation'”
Thermal Thermal expansion
Density Elastic modulus Poisson’s Heal capacity
Material < 5 conductivity coefficient
P/ (kg *m™7) E/(10VN «m™ %) ratio C/AT kg '*K Y

MW em 'K " o/107°K '
Silicon nitride 2400 1. 80 0.25 555 0.8 691
Silicon oxide 2360 1.20 0.25 12 0.4 800
Gold 19300 0.73 0.3 296 14, 2 129
Aluminum 2702 0. 80 0.3 | 237 23.6 908
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Fig.4 Thermal lield(a) and displacement field(b) of the movable micromirror
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Fig. 6 Interference pattern of a movable micromir—

ror
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Table 3 Comparison of theoretical analysis, ANSYS

simulation and experiment results
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Optimal Design and ANSYS Simulation for Optic-Readable
Thermal Imaging Chip

Feng Fei, Jiao Jiwei, Xiong Bin and Wang Yuelin

(State Key Laboratory of Transducer Technology. Shanghai Institute of Microsystem and Information Technology.

The Chinese A cademy of Sciences. Shanghai 200050, China)

Abstract: A novel MEMS based optic—readable thermal imaging chip is the key part of optic-readable thermal imaging system.
The chip’s characteristics determine the performance of this system. T his paper presents optimal design of opticreadable ther-
mal imaging chip on the basis of cantilever-model theory. For A1/Si02 bi-material system, the theoretical analysis indicates the
optimal thermo-mechanical sensitivity and corresponding optimal thickness ratio are 6. 60X 107 *m/K and 0.6, respect ively.
ANSYS simulation gives a thermo-mechanical sensitivity of 2. 80X 10" *m/K for this optimized design. The measured data are
around 2. 02X 10" *m /K, which is in accordance with the results of theoretical analysis and ANSYS simulation. Theoretical cal-

culation indicates that the time constant of thermal response is 4. 45X 10" .

Key words: microelectromechanical system (MEMS): opticreadable thermal imaging: movable micromirror array; thermo-—
mechanical sensitivity; thermal responsive time constant
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