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Elastic Property Extraction System of Polycrystalline Thin-Films for
Micro-Electro-Mechanical System Device and Its Applications
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ABSTRACT

A numerical system to extract effective elastic properties of polycrystalline thin-films for MEMS devices is
developed. In this system, the statistical model based on lattice system is used for modeling the microstructure evolution
simulation and the key kinetics parameters of given micrograph, grain distributions and deposition process can be
extracted by inverse method proposed in the system. In this work, effects of kinetics parameters on the extraction of
effective elastic properties of polycrystalline thin-films are studied by using statistical method. Effects of the fraction of
the potential site( f p ) among the parameters for deposition process of microstructure on the extraction of effective
elastic properties of polycrystalline thin-films are investigated. For this research, polysilicon is applied to this system as
the polycrystalline thin-films.
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Fig. 1 Flow chart of the Monte-Carlo simulation process
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Fig. 2 Binary images of reconstructed microstructure by
the microstructure evolution simulation
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Fig. 3 Crystallographic structure of polysilicon
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Fig. 4 Constant strain model for the effective elastic
constant extraction
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Fig. 5 Reconstructed microstructure and finite element
mesh of simulation #7, iteration #1

Table 1 Averages and standard deviations of effective
elastic properties for polysilicon

Young's modulus Poisson's ratio
fP Average gtapdgrd Average Star}dqrd
eviation Deviation
0.001 148.2852 | 5.4854 0.1776 0.0304
0.002 148.2875 | 3.5526° | 0.1776 0.0197
0.003 148.9577 | 3.1522 0.1738 0.0175
0.004 1483713 | 3.2225 0.1771 0.0179
0.005 148.2828 | 2.4254 0.1776 0.0135
0.006 149.4687 | 2.1258 0.1710 0.0118
0.007 148.2696 | 1.8369 0.1776 0.0102
0.008 148.2253 | 1.7053 0.1784 0.0098
0.009 148.2370 | 2.0212 0.1778 0.0112
0.010 148.3490 | 1.8094 0.1772 0.0100
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(b) Poisson's ratio

Fig. 6 Extracted effective elastic properties of polysilicon
relative to the fraction of the potential site( f P)
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