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Reliability analysis of heterogeneous material bonding interfaces in MEMS sensors

YUAN Ting, XU Gaobin, GUAN Cunhe, MA Yuanming, FENG Jianguo
(School of Microelectronics. Hefei University of Technology. Hefei 230601, China)

Abstract: The fabrication of micro-electro-mechanical system (MEMS) sensors typically involves the
combination of multiple materials, which leads to various internal stresses due to the differences in co-
efficients of thermal expansion during the bonding process. When the stress exceeds the bonding
strength, material delamination occurs, resulting in device failure. To characterize the impact of mi-
croscale stresses between heterogeneous materials on device reliability, this study considered the effect
of temperature on the coefficients of thermal expansion and Young’s modulus of materials, and estab-
lished a theoretical model for bonding interface stresses between heterogeneous materials with com-
bined effects of different temperatures, coefficients of thermal expansion, and Young’s modulus using
stress data obtained through COMSOL simulation. Relevant strength data for the silicon-glass bond-
ing interface in MEMS sensors was collected, and the reliability of the bonding interface of heteroge-
neous materials was calculated using Monte Carlo simulation and stress intensity interference models.
The results show that the reliability of the bonding interface of heterogeneous materials is 0. 992 108,
indicating that the stress generated under Weibull distribution of temperature is insufficient to cause
material failure. The device exhibits high stability and reliability, which validates the correctness and
practicality of the established model, and enables the modeling and prediction of the degradation be-
havior of MEMS sensors.
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