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Mechanical actuation and sensing in MEMS

Si-only MEMS MEMS with functional materials
Mechan- | Thermal | Piezo- Capaci- | Electro- Piezo-
Ism resistive | tive magnetic | electric
Comment Thermal Piezoresistivity Capacitive Difficult to scale Piezoelectricity
expansion IR" 1/ force on down/make 17" 1 E
A charged inductor Large amplitude
Slow, small Sensing only m?mbrane Few materials Linear
amplitude Small amplitude F 1_/d High energy
Bad energy Non-linear conversion
conversion
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Comparison different material classes

Properties Shape-memoryalloy Piezoelectric Magnetostrictive
(TiRNi) (PZT) (Terfenol-D)
Compressivestress(MPa) I 800 60 700
Tensile strength (MPa) 800NL000 30865 28\B5
YoungOsnodulus (GPa) 50800 (P) 60RRO (YE)! 25RB5 (YH)"
10RB5 (M) I 110 (YP)# 50865 (Y®)$
Maximum strain 0.1 I 0.001 I 0.01
Frequency (Hz) ONLOO 1R20000 1N10000
Coupling cosfficient ! 0.75 0.75
Efficiency (%) 36 50 80
Energy density (kJm~3) 3008600 I 1.0 14805

I'modulus for constant electric beld

#modulus for constant electric displacement

"modulus for constant magnetizing beld
$modulus for constant induction beld




Different actuator types

PZT5H PMN PLZT PVDF  Terfinol-D SMA Conducting Polymer Human

(NiTi) Polymer Hydro-gel Muscle
Max strain (x 107°) 300 600 3000 200 1800 70000 20000 400000 400000
Max stress (MPa) 19 72 180 ~1 90 190 180 0.3 0.3
Density (kg/m?) 7500 7500 ~7500 1780 9250 6450 ~1500 ~1300 1037
Modulus (GPa) 62 120 ~60 3 40 78 5 <0.1 .06
Efficiency (%) 56 75 ? 2 40 >3 >30 30 >35
Bandwidth (Hz) 1000 1000 ? 1000 100 3 >1 1 4
Energy density (KJ/m?) 2.9 22 ? ~1 19 >10 >1 0.4 0.8
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Production PZT-MEMS

® Chemical solution deposition (SINTEF)
® RF-sputtering (EPFL)

® Pulsed laser deposition

Processing steps — MEMS-pie
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Types of piezoelectric MEMS
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MEMS fabrication (texture and stresses)

PZT on Pt/Ti/SiO2/Si or Pt/Ti/TiO2/SiO2
Texture and residual stresses are important

Texture determines the properties along different
directions

Residual stresses affect also the properties and life of the
components.

Residual stresses are due to different thermal expansion
properties and crystallographic matching

Applying a stress opposed to the observed one can
improve properties.

Domain wall motion is little observed in thin films




Applications: MEMS
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Piezoelectric microcantilever working principle
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Piezoelectric microsensor
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Accelerometers (MEMS inertial sensors)
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The smallest gyroscope
is a piezoelectric one by

+A% CAGR
awer 2004
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Market for MEMS inertial sensors 20042009 E
3-axis accelerometer | | 2-axis gyroscope
. $1t0$1.5 $4t0 85
Automotive: 4
. icro- it| | 3-axi etomet
- Airbag: accelerometers e |
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Applications of MEMS accelerometers and gyroscopes in
consumer products

Consumer Function Examples of products  MEMS inertial Status of
product device(s) commercialisation
Cell phones Pedometer, NTT DoCoMo pedometer 2- or 3-axis Accelerometer in cell
image rotation, (2003) accelerometer, phone since 2003
menu scroll, Vodafone image rotation 1- or 2-axis Gyroscope expected in
gaming, free-fall (2004) gyroscope 2007-2008
detection (HDD Samsung SGH E760
protection), Nokia 3230 (navigation
navigation and gaming)
PDA Navigation IMU, | Toshiba PocketPC e740 2- or 3-axis Demonstrator in 2002
Web content accelerometer at Paris PDA show
navigation 2-axis
gyroscope
Digital still Image All Panasonic DSCs, e.g. Two 1-axis Gyroscope established
cameras stabilisation Lumix ($200), Pentax gyroscopes or since late 1990s
(DSC) Optio A10 ($350) one 2-axis Accelerometer
Canon, Sony DSCs gyroscope emerging
Two 2-axis
accelerometers
Camcorders Image Upper end: Panasonic Two 1-axis Gyroscope established
stabilisation, (over $1500) gyroscopes or since late 1990s
free-fall High end: JVC 30 Gb, one 2-axis
detection (HDD Toshiba 60 Gb gyroscope
protection)

Laptops Free fall IBM, Toshiba, Apple 2- or 3-axis Free-fall detection
detection (HDD laptops accelerometer established
protection), GPS Other applications
dead-reckoning emerging
assist (anti-theft)

MP3 players | Free fall (HDD | iPod with hard disc drive 3-axis Established
protection) accelerometer

Others: toys, | Realistic motion | Nintendo’s Kirby “Tilt-n- 2- or 3-axis Established
games, Tumble” GameBoy accelerometers,

personal Microsoft gamepad 1- or 2-axis

transporter, “Sidewinder Freestyle gyroscopes
robots Pro”, Segway, Sony Aibo
robot, Sony PS3




Accelerometers for aerospace and military ap.
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Piezoelectric accelerometers

0.2 grams5.21 mm long




Full integration and isolation (aerospace)

Full iIsolation fom acoustic
thermal efécts to achige
response at <0.1 Hz

Full integration of
electronic circuits




