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Silicon and polysilicon are the moét common structural materials forl micro
electro-mechanical systems (MEMS). Since the end of the last century, many evidences have
been found that they are susceptible to fatigue. The strength of structures made of silicon
has also been found to be strongly dependent on the fabrication process of structures such as
etching. Designing MEMS with quantitatively evaluated long-term mechanical reliability is
indeed one of the most important and urgent issues in order to push them through further
development for future applications requiring higher levels of reliability. This thesis
describes the development of evaluation and design scheme for the strength and fatigue
lifetime of silicon and polysilicon materials in MEMS. "

Firstly, from a statistical point of view, polysilicon thin films were examined whether
their fatigue behavior can be formulated uniquely on the basis of initial defects which
determine their strength distribution. The fatigue process determining the lifetime is
modeled with the well-known Paris law as the fatigue crack extension procesé from the
initial defects, whose equivalent crack lengths were evaluated from the initial strength

distribution described by the Weibull distribution. The parameters in Paris’ law were fit to
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the results of tensile fatigue tests with constant stress amplitudes performed on three
groups of polysilicon thin film specimens patterned using different etching conditions
leading to different etching damage. The results support a possibility that the fatigue
behavior is independent of etching condition and that therefore the fatigue lifetimes can be
practically predicted from their strength distributions by using the same values of the
parameters in Paris’ law.

The above theory was then extended to evaluate the strength distribution and fatigue
behaviors of polysilicon thin film specimens patterned by etching into arbitrary shapes. The
results show that the fracture and fatigue behaviors of the specimens can be described on
the basis of local characteristics determined again by using the same set of parameters
despite the different stress distribution. This means that the local characteristics of etching
damage and the subsequent damage accumulation under fatigue loading were independent
also of the shapes and the stress distributions. Therefore, the theory enables prediction for
fracture strength and fatigue lifetime and thus designing silicon thin film structures.

For the case of very long fatigue lifetime, by the way, experiment may have to be stopped
before failure when the number of cycles exceeds an affordable time limit. To overcome this
hurdle, a new experimental method was proposed in order to estimate the fatigue behavior
of polysilicon thin films by using cyclic loading with gradually increasing stress amplitude.
The results show that the parameter values are the same as those obtained from the fatigue
tests with constant stress amplitude, and that the new experimental method can be used to
predict the fatigue lifetime in a more efficient manner.

Finally, a scheme for predicting the strength of thick structures patterned into arbitrary
shapes by deep reactive ion etching of silicon wafer was also proposed. The scheme is based
on the inhomogeneous defect distribution on the etched surfaces. Distributions of the
fracture strength were described using two-parameter Weibull statistics, where the two
parameters are defined as functions of the etching depth representing the inhomogeneity of
the damage on the etched surface in the etching direction. The results showed that the
fracture strength of arbitrarily-shaped structures can be predicted with statistical
significance on the basis of the information obtained from a set of reference specimens, by
taking into account the characteristics of etched surface, i.e., the inhomogeneous damage.

After accumulating these new findings, the fracture strength and fatigue lifetime of
silicon structures in MEMS becomes predictable, and therefore they enable designing silicon
MEMS structures with a specified level of mechanical reliability. This will help to'save the

time and expenses in the development of MEMS structures.
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