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ABSTRACT

Because of polysilicon brittleness, micro electro-mechanical systems (MEMS) can suddenly fail when
exposed to shock loadings.

To accurately capture the link between shocks and MEMS failure, at least three length-scales need
to be explored: a macro-scale (or package length-scale), characterized by stress waves propagating
inside the package and eventually impinging upon sensor anchors; a meso-scale (or sensor length-scale),
characterized by forced vibrations of the sensor as a whole; a micro-scale (or polycrystal length-scale),
characterized by the nucleation and propagation up to percolation of trans- as well as inter-granular
cracks in the highly stressed sensor regions.

Former research works have shown that crystal topology and randomness of strength and toughness
at grain boundaries can strongly influence the micro-cracking pattern of polysilicon at the micro-scale
[1-2]. In this work we investigate, through a Monte Carlo approach, the effects on MEMS failure mode
and time to failure of: the mis-match between the orientations of the axes of elastic symmetry of con-
tiguous silicon grain; the shape and size of silicon grains; the fluctuations of grain boundary strength
and toughness.

Moreover, links to deterministic reliability assessments based on a meso-mechanics Rankine criterion
[3-4], and insights into the actual failure mechanism are discussed.
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