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Abstract

Based on simple plate theory and the Bernoulli equa-
tion, the effect of fuid flow on the deformation of fluid
driven MEMS diaphragm microvalve is investigated an-
alytically and numerically. The static instability of such
a microsystem is demonstrated with both analytical and
numerical soiutions. Theoretical formula is presented
for prediction of the limit fiow velocity at which the
pressure difference across the diaphragm is positive over
the whole MEMS diaphragm. In addition, static stiction
phenomena is analyzed and a closed form sciution of the
relation between the contact zore and the external pres-
sure is obtained. The results provide important infor-
mation of parameters in the design of MEMS diaphragm
valve and can be used as a basis in the mechanical design
of such valves.
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INTRODUCTION

Miniaturization of mechanical systems promises unique
opportunities for progress of engineering and technol-
ogy in new directions. Based on the microelectronic
fabrication technology, extensive microelectromechani-
cal systems and devices, such as microvalves, microchan-
nels, microdiffusers, microgenerators, and micromotors
etc. [1], have been built. Such devices are inherently
smaller, lighter, faster, and usually more precise than
their macroscopic counterparts. Seme of these compo-
nents have been successfully combined to realize mi-
cromechanical systems. A microsystem is a complex
miniaturized array of materials such as silicon, metals
and plastic- 1t is obvious that successful microfabrica-
tion techn: .= y requires a detailed knowledge of pack-
aging, maz . :als, device behavior, reliability, and an un-
derstanding of current fabrication technology. There-
fore, an effort on modeling MEMS micromechanical be-
havior under different working environments, which will

provide a sound basis for the application of MEMS, is
needed.

The desired general features for a MEMS valve include:
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Figure 1: A schematic diagram of MEMS pressure-
balanced diaphragm valves

1) quick response,

2) low driving energy,

3) low energy consumption,

4) stable temperature characteristics,
5) small size and weight,

6) no degradation and aging in use,
7} no negative environmental effects.

Several kind of MEMS microvalves driven by different
mechanism have been reported in the literature. Most
of them consists of a diaphragm made from either nickel
2] or silicon [3]. The mechanism includes, electromag-
netic [2], [3], electric [4], thermal 3], and pneumatic [6].
Among these mechanisms, the pressure balanced MEMS
microvalves are attractive because of the low energy con-
sumption in the operation. Here we briefly describe
the basic working mechanism of the pressure balanced
MEMS microvalve (for detail see Huff and Schmidt {6]).
Figure 1 shows a schematic diagram of microvalve. Fluid
such as air, water, etc., flows into the microchamber be-
tween the valve and a substrate,which generates a pres-
sure difference across the valve and provides a driving
force to control the motion of the valve. Consequently,
the total force necessary to actuate the valve can be de-
signed to be only a small fraction of the total pressure
of the fluid by properly sizing the top and bottom sur-
faces of the microstructure [6]. Without considering the
effect of fluid flow on the pressure distribution across
the valve, Huff et al. [7] have analyzed the mechanical
behavior of the microvalve on the basis of laminar flow






