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A brief history of MEMS

1750s first electrostatic motors (Benjamin Franklin, Andrew Gordon)
1824 Silicon discovered (Berzelius)

1927 Field effect transistor patented (Lilienfield)

1947 invention of the transistor (made from germanium)

1954 Smith, C.S., "Piezoresistive effect in Germanium and Silicon, Physical Review, 94.1,
April 1954.

1958 silicon strain gauges commercially available

1961 first silicon pressure sensor demonstrated (Kulite)

1967 Invention of surface micromachining (Nathanson, Resonant Gate Transistor)
1970 first silicon accelerometer demonstrated (Kulite)

1977 first capacitive pressure sensor (Stanford)

1980 Petersen, K.E., "Silicon Torsional Scanning Mirror", IBM J. R&D, v24, p631, 1980.
1982 disposable blood pressure transducer (Foxboro/ICT, Honeywell, $40)

1982 active on-chip signal conditioning

19847 First polysilicon MEMS device (Howe, Muller )

1988 Rotary electrostatic side drive motors (Fan, Tai, Muller)

1989 Lateral comb drive (Tang, Nguyen, Howe)

1991 polysilicon hinge (Pister, Judy, Burgett, Fearing)

1992 Grating light modulator (Solgaard, Sandejas, Bloom)

1992 MCNC starts MUMPS

1993? first surface micromachined accelerometer sold (Analog Devices, ADXL50)
1994 XeF2 used for MEMS (OK, so this one isn't as important as the others)
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Early Semiconductor Fabrication
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Intel
133 MHz
Pentium

Processor

3.3 million transistors
0.35 micron lithography
4 layer metalization
First silicon: May 1995

TITT TIIT

ksip, 7/01

°4



Fabrication

® |C Fabrication
» Deposition
* Lithography
* Removal
® Bulk micromachining
» Crystal planes
 Anisotropic etching
» Deep Reactive lon Etching
® Surface micromachining
 Sacrificial etching
* Molding
» Bonding
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Materials

® Metals
e Al, Au, Cu, W, Ni, TiNi, NiFe,
® |nsulators

» SiO, - thermally grown or vapor deposited (CVD)

* Si;N,- CVD
® Polymers

® The King of Semiconductors: Silicon
* stronger than steel, lighter than aluminum

* single crystal or polycrystalline
e 10nm to 10mm
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Applications

® Pressure sensors

» Automotive, Medical, Industrial, ...
® Accelerometers

* Automotive, Medical, Industrial
® Gyros

» Automotive
® Displays

e TIDMD, SLM GLV
® Fiber optics

» Switches, attenuators, alignment
® RF components

* Relays, tunable passives elements
® Biomedicine

» Drug delivery, DNA sequencing, chemical analysis
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Course content

® Fabrication

* Materials, geometry

» Compatibility, integration
® Physics

* Beam theory, electrostatics, thermal, fluidic, ...
® Design

» Combs, springs, hinges

» Resonators, accelerometers, gyros
» Scanning mirrors
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