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ABSTRACT

Microelectromechanical systems (MEMS) are miniature electromechanical sensor and actuator
systems developed from the mature batch-fabricated processes of VLSI technologies. Projected
growth in the MEMS market requires significant advances in CAD and manufacturing for MEMS.
These advances must be accompanied with testing methodologies that ensure both high quality and
reliability. Effectiveness of any testing methodology depends on the accuracy of the fault models
applied. So, the first step towards development of comprehensive testing methodology involves
generating accurate fault models for MEMS. Creating accurate fault models requires a complete
knowledge of all the possible failure mechanisms in MEMS. A systematic study of the impact of
these failure mechanisms on the final functionality of MEMS devices provides important guidelines

for MEMS fault model generation.

A CAD tool called CARAMEL (Contamination And Reliability Analysis of MicroElectromechanical
Layout) has been developed that can be used for fault model generation for MEMS. CARAMEL
is based on the IC contamination analysis tool CODEF and is capable of analyzing the impact
of contamination particles on the geometrical and material properties of microelectromechanical
systems. Output generated by CARAMEL indicates that a wide range of defective structures are
possible due to the presence of particulate contaminations. Moreover, electromechanical simula-
tions of CARAMEL’s mesh representations of defective layout has revealed that a wide variety of

faulty behaviors are associated with these defects.

Several hundred contamination simulations were performed using CARAMEL on the surface
micromachined comb-drive resonator. The results obtained were classified under three broad fault

classes: catastrophic, parametric, and harmless. The defect statistics generated by CARAMEL



indicates the comb drive as the most defect-prone region of the microresonator. Most of the
comb drive defects resulted in the catastrophic failures. Contaminations introduced during Poly0
deposition caused the maximum number of faults found in the microresonator. Such defect-to-fault
mappings provide an essential tool for the MEMS fault model generation process. Simulation results
presented in this report confirm that CARAMEL can be used as an effective tool for development

of realistic fault models for MEMS.
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