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Abstract

Micro-Electro-Mechanical Systems (MEMS) is a newly rising
interdisciplinary technology. The mechanical design of MEMS is one
of the frontiers of mechanical engineering. This dissertation takes up
two key points among the existing problems in the development of
MEMS, the mechanical behavior of MEMS materials and the stic-
tion phenomenon in MEMS, for investigating theoretically and ex-
perimentally in detail. Firstly, a novel, direct and convenient meth-
od for micromechanical property measurements by beam bending us-
ing a nanoindenter has been developed. Secondly, a microtensile test
device with a magnet-solenoid actuator and a fibre-optical displace-
ment sensor has been designed and constructed. With these two test
methods, Young’s modulus and fracture strength of polysilicon films
were measured. It has been found that the measured average values
of Young’s modulus are 156 GPa + 4. 54 GPa and 164 GPa+ 1.2
GPa by beam bending test and tensile test respectively. The latter
falls within the bounds of the theoretical prediction based on the tex-
ture model. Statistical analysis of bending strength and tensile
strength for various specimen sizes shows that the average bending
strength of polysilicon microcantilever beams is 2.885 GPa+ 0. 408
GPa, and the average tensile strength of polysilicon thin films is
1.36 GPa*0.14 GPa. Experimental results demonstrate that bend-
ing strength and tensile strength vary with the size of specimen. Es-
pecially, the size effect of specimen width on tensile strength was
theoretically and experimentally studied. The study points out that

the conclusion, given by Toshiyuki Tsuchiya, of the independence



I Abstract

of tensile strength on specimen width, is incorrect. In addition, the
fracture toughness of microfabricated polysilicon thin films was mea-
sured to be 1.53 MPa*m'"? + 0. 11 MPa*m". Furthermore, the
rupture physics and crack origin of polysilicon thin films were ana-
lyzed by means of AFM, SEM and TEM. The maximum-likelihood
method was also applied. It is indicated that the crack origin of pol-
ysilicon thin films is located on the surface of the specimens, and the
surface roughness is the main factor dominating the fracture of poly-
silicon thin films. The mechanical properties of polysilicon thin films
coated with OTS film were also investigated. It was found that ten-
sile strengths of polysilicon thin films are enhanced greatly when
they were coated with OTS films. At last, the roles of two mi-
croscale forces, the capillary force in ambient environment or with
the rinse liquid and the Casimir force in vacuum, in stiction and sta-
bility of MEMS were discussed. The study on the design of anti-
sticking structures under the forces shows that sticking and stability
of microcantilevers and micro membrane strip cavities relate to
Young’s modulus of materials, surface properties, length of struc-
tures, thickness of structures and separation between the fixed sur-
face and the deflecting component. The width of structures has no
effect on the sticking and stability. A map of the size design of anti-
sticking structures has been proposed for the first time. These re-
sults are expected to be useful for the design of MEMS, and of sig-
nificance for establishing a framework of the design theory of
MEMS.

Keywords: Micromachines, Young's modulus, Bending

strength, Tensile strength, Fracture toughness, Sticking
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