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=PFL Welcome!!!

= Scaling Laws

= Examples of application

ME-426 - Lecture 1- Motivation



=P




=PFL Scaling laws

= Mechanics and physics laws are the same as the macro scales, it is the relative
importance of the forces that are modified

length (L) A
: / area (A) 2°
S volume (V), mass (m) A3
o ? surface to volume ratio A1
E / stiffness (k) A
§ - L’ resonance frequency _1
L A= I (fo) A
mass responsivity (R) A4

thermal time constant
4 (7)



=PFL Scaling laws

= Qverview - Mo~

length (L
Mass (m)
surface to volume ratio
stiffness (k)

resonance frequency (fo)
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thermal time constant (7)

~ 5 km
~ 4 -10°% kg
~0.1m™1
~ 10° N/m
~ 1 Hz
~ 30 years

NEMS

~ 5 um
~ 0.5 pg
~10"m™!
~ 1071 N/m
~ 10 MHz
~ 10 us

1077
10—24
108
107
107
10—16
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Examples of Devices




=PrL Different MEMS products

R — — —— —— _— — ¥ R

> — 7 i — THALES
—_— e == - freescale = S

T T T T e T 2o

Inertial Sensors

. ‘;::'v /
SpotMagn WD Bp F——— 2mm ) .

Accelerometers :-:Gyroscopes Geo-phone
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Force sensors

Acoustic sensors il

Microphones
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= Courtesy of J. Arcamone


http://www.thalesgroup.com/index.html
http://www.thalesgroup.com/index.html

=PrL Different MEMS products

= Courtesy of J. Arcamone
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NEMS-based + yGC gas sensor Humidity
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=PrL Different MEMS products
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Q-58000 @ 97MHz Q=24000 @ 4.2 GHz 35V / 40GHz BAW filters
High Q resonators (Si and HBAR) Micro-switches

MEMS actuators

Micro-valves P/ZT self focussing lens

Energy harvesting

200uW/cm® @ 200 Hz
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AIN

= Courtesy of J. Arcamone



=PrL What is a MEMS product

= A chip, an ASIC and a package
= Prix d'un MEMS pour les marchés « Consumer » : environ TUS$

= Environ 1/3 du cout pour la puce MEMS, 1/3 pour 'ASIC, 1/3 pour la mise en boitier, le
boitier lui-méme et le test de 'ensemble
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=PrL MEMS are everywhere

} Discrete

accelerometer: Bosch

Fingerprint sensor:
Authentec (Apple)

6-axis IMU:
InvenSense (new)

Microphone: display ' Pressure: Bosch
side bottom: AAC ' _ BMP282AC (new)

Microphone: display P _
side top: ST (6+) or o TV Magmeﬁ:{rggé;r. AN

Knowles (6)

Microphone: main
camera side: Knowles
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sensor hub (MCU):
M8, NXP

Source: IHS Teardown

11



=PrL MEMS are everywhere

1 ECM Microphone
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iPhone iPhone 3G iPhone 3Gs iPhoned4 iPhone 4s iPhone 5 iPhone 5s iPhone 6/6+ iPhone 6s

64-66 dB

Signal Noise Ratio (SNR) 62-63dB
59 dB
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Source for pictures Apple

© 2015 IHS 11
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£PrL Revenue vs. Applications

Total MEMS market by applications
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£PFL Revenue Vs. Application
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Total MEMS market by device
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MEMS flat panel display
Crash sensing
Scanning mirrors
Energy scavengers
Valves
MEMS speakers

¥ Deformable mirrors
Drug Delivery

W Joystick
Flow sensors

® Micro fuel cells

B Switches and Varactors

® Lab-on-Chip
Thermopiles

B Gas-Chemical sensors

w Optical MEMS for Telecom

B AF and Zoom actuators

¥ Timing devices

m Wafer probe cards

m Microbolometers

mDLP

m Inkjet printheads

m Gyroscopes

B Accelerometers

B Microphones

¥ Pressure

m BAW filters

© 2015 IHS5




cPrL

m 2013 MEMS sales m2014 MEMS sales
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cPrL
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