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1 ABSTRACT

This paper presents an overview of microelectromechan-
ical systems (MEMS) research being conducted at Duke
University. The Duke University MEMS research pro-
gram encompasses initiatives in both application design
and design antomation. These two areas serve symer-
gistic and complementary roles: application design pro-
vides relevant challenge problems for design automa-
tion and design automation, in turn, provides computer-
based modeling and analysis for application design. To-
gether, MEMS design and design automation research
at Duke Urniversity address a wide array of technology
for 2 broad user set. MEMS application design research
- involves explosives detection, cardiovascular ultrasound
scanning, and micro drug infusion. MEMS design au-
tomation research involves visual compenent modeling,
rapid performance analysis, and yield optimization.

Keywords: MEMS design, MEMS modeling, VEDL-
AMS, and microelectromechanical systems.

2 INTRODUCTION

MEMS application design research is investigating how
the capabilities of microelectromechanics can be used to
reengineer sensor systems, improving both functional-
ity and performance. The benefits of integrated circuit
fabrication provide the basis for improved affordabitity,
sensitivity, distributed processing, and <}ability.

MEMS application design for expi ves detection
supports anti-personnel mine sweeping. .::nogram par-
ticle detection occurs by collecting par+i:s on an array
of temperature sensitive MEMS sensors znd irradiating
the particles with 3-5 micron wavelength infrared light.

Explosive particles selectively absorb the infrared en-
ergy at approximately 1600 em-1, decompose, and give
off heat which can be detected. Prototype explosive de-
tectors have been fabricated that do not absorb energy
in the peak absorption bands of the explosives, thus al-
lowing for selective particle heating without heating the
sensor device itsell.

MEMS application designs for biomedicine are sup-
porting a new generation of miniature forward-looking
michanical sector scanners incorporating transducers

“ai:ve 20 MHEz to enable intra-luminal ultrasound scan-

ning of the cardiovascular system. Totally housed
within a cardiac catheter, piezoelectric transducers are
driven by tiny MEMS actuators operated by electro-
static forces combined with pivoting hinges to produce
a gector scan. A normally closed, electromagnetic mi-
crovalve has also been fabricated for use in a drug infu-

* sion system. Microfabrication technologies of bulk mi-

cromachining and LIGA high aspect ratio machining
and microassembly methods were used to attach the
valve seat to precision machined components.

MEMS design antomation, in concert with applica-
tion designs, is focusing on system-level modeling and
analysis. Component models are being developed at
the circuit level of abstraction, using unified energy-
based concepts that span both electrical and mechanical
domains. Behavioral analog modeling styles are being
studied using the hardware description language VHDL-
AMS. Design tools address both front-end design for
creating new MEMS applications and back-end design
for improving existing MEMS applications.

Front-end MEMS design automation tools enable
a highly interactive design environment. Design en-

try involves new visual modeling approaches for rapid

domain-specific model definition, with subsequent gen-
eration of VHDI-AMS descriptions. The goal is to
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