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| ntr oduction

0 What isMEMS(MicroElectroM echanical Systems)

Revolutionizing “traditional” mechanical and materials
engineering into “high-tech”.

The next logical step in the silicon revolution.

$10 Billion market today, $34 Billion market in 2002
Fascinating, amazing, ...

ARPA MEMS program
)[processing

[]

oUooo

3



Applications:Size DOES Matter

]

Optical switching:

* Integrated Optics, Micro-optics

Embedded sensors & actuators

* Inertial: accelerometers that deploy car airbags
 Pressure

Biomedical devices
Microfluidics

 Inkjet-printer cartridges

Miniature analytical instruments
Chip-based DNA processing & sequencing
Propellant and combustion control
Chemical factories on chip
Mass data storage

« Terabytes per square centimeter

L ow-power, high-resolution small displays
Microinstruments & Micromachines

e Micropumps

Microrobots



MEM S Fabrication 2 4

0 “System on a chip”: a miniature embedded system itself
 Including computing, sensing and actuating parts
« Similar to IC manufacturing process
« Usually fabricated completely assembled -- no piece parts

0 Characteristics of Fabrication

e Miniaturization

« Multiplicity

e Microelectronics
0 Fabrication methods and materials
Bulk micromachining
Wafer-to-wafer bonding
High-aspect ratio micromachining
Surface micromachining
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Fabrication Procedures

0 Significant distinctions between MEM S and ICsare noted in bold italics.
Sour ce: Electronics Technology Office, DARPA

free-form geometries coupled electrical, mechanical,
20 solid modelers fluidic, kinematic...analysis
Conception of Computer-aided Generation of
new device, | dasign, simulation | . | physical masks or
specification of and layout of direct-write
process device patterns
thicker films 4' * ¢ removal of underlying
deeper etches materials to release

mechanical parts
sk Multiple processing cycles il

-

LI L

Probe Sectioning Individual Assembly Package Final

Testing die into package seal test
special probing, sectioning and handling seal some parts of device test more than
procedures to protect released parts but expose others electrical function
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Typical Size

0 “The technologies and applications of three-dimensional devices with sizes In
the micrometer ranges.”

0 Spider miteraids
microlock

 This is not
Godzilla. Thisis a
spider mite (a
miniscule, white
fleck to the human
eye) hanging out
on a microlock
mechanism. Note
the scale key in the
lower right corner.




Reliability of MEM S

0 Morethan just Electro+Mechanical failures
Mechanical reliability

Electrical reliability

Material reliability

Interactions of mechanical and electrical part

0 Macro failure modes not applicable

0 Unique failure modes at microscopic level
« Static overload

Delamination

Creep

Environmental attack

Fatigue



Root Causes

0 Capillary forces
 Liquid-air interface induced in etching
« Stiction happens even without liquid; aggravated by moisture

0 Operational Methods

e Drive signals not comply to mechanical model

— e.g. MEMS actuators driven by model based drive signals have 5 orders of
magnitude longer life than square wave signals in experiment.

* Noise in drive signals

0 Mechanical Instabilities
« Gear position, spring shape, alignment, etc
e Buckling

0 Electrical Instabilities
* Linear clamping caused by static electricity



Techniquesfor Higher Reliability

0 Chemical surface treatments
« Super-critical drying method
« Hydrophobic coating
0 Model-based operational methods

e Optimized electrical drive signals
e Minimized constraint forces

0 Clever design modifications
e Improved thickness, stiffness, endurance, shape, etc
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Conclusions

0 Revolutionary, fast growing new technology

0 Still in itsinfancy
» Like IC technology 30 years ago

0 Reliability: How MEM Sfail isnot well understood

» Study shows material strengthN©T a key factor

— failures induced by deficiencies in material/mechanical properties not
majority, such as fracture strength or fatigue-related fracture

» Failures causes typically related to contacting or rubbing surface
Stiction and friction-related wear

e Unique failure modes at microscopic level
— Static overload, Delamination, Creep, Environmental attack, Fatigue
» Reliability can be enhanced by optimized designs and better
techniques
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Future Direction
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Trends in electromechanical integration
Log-log plot of number of transistors merged with number of mechanical components
for existing and future MEMS devices and systems.
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On the Reading Papers

0 Reliability and Long-Term Stability of MEMS

e High-level generalization of MEMS failure modes
 Different failure modes in microscope v.s. macroscope

0 Materials Reliability in MEMS Devices
* An accelerated testing technique on stress/fatigue testing
* Found fatigue life of poly is a function of stress
* Previous work found crack growth dependent on moisture
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