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What is a MEMS
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MEMS — Developments and Challenges over time

1990s

Sensonor - Airbag sensor SA20 with
piezoresistive beam of silicon is an international
success.

~35 million sensors sold

2000s

Comb-drive architecture is becoming main
design for inertial sensors

Texas Instruments (Tl) success of DMD

2000s’

2010s

Packaging is becoming more
important and an enabling
technology.

“First MEMS” products using
TSV are coming to the market SiTime's MEMS osclllator

2020s

CMOS MEMS is phasing out.
3D integration allows more
functionality on the Si level.
TSV interposers and room
temperature bonding create
new possibilities.
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MEMS functionalities

Sensing applications
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MEMS are present in our daily life

Applications for MEMS in automobiles

IR sensors for driver
vision enhancement
road monitor, cabin
temp, air quality,
anti-fog... established

Accel + Gyros for Microscaners for Head Up
ESP, GPS navigation, roll Displays (from 2009)
detect, established

Airbag accelerometers,
established RF MEMS
reference

k
I
PR oscillators
/ (from 2009)

Pressure, flow
sensors for
engine management,

alt intake e<tablished TPMS pressure + accel

+ temp (+ energy

scavengers
from 2012)
Pressure, accelerometer,
Legend = gyro for side airbag sensing
b Irertialvensois d & deployment, established
B Pressure, flow Inclinometers for zero set (accelero)
theft alarm, electronic parking brake, Flow sensors for
B Infrared, optic headlight level. established HVAC 2008? less
: ’ Source: WTC
P RF, other likely www.wtc-consult.de
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MEMS are present in our daily life
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MEMS — Market & Products

2011 MEMS Market Value
Breakdown
(TOTAL $10,2B)

Oscillators Others

0% (microstructure
5, micro tips,
low meter ...)

RF MEMS

Micro displays
0% Microphones

4%
Uncooled IR
3% Combos

1%

Compasses
4%

2017 MEMS Market Value
Breakdown
(TOTAL $21B)

Others
(microstructures,
micro tips, flow
meter ...)
Oscillators

5%
2% _\

RF MEMS5
5%

Pressure Sensors
11%

Microphones
A%

Accelerometers
8%

Gyroscopes
7%
Compasses

Micro displays Uncooled IR 2%

1% 3%
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What is an Optical MEMS
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Optical properties managed by Optical MEMS

1. Power
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Examples of Optical MEMS in the market

Y
MicroVision
o DLP Board

Vg Processor

g Memory

/ Projection Lens
Optics '

Color Filter / ‘

Condensing Lens \
Light Source
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Exactly the same chip Y g Mini-series production

for all applications ' demonstrated
3 Mass-production possible

Operation in Visible,
near-IR and mid-IR

Several demonstrators
realized

Passed severe shock tests ) 3 2 granted patents
(> 3000 g) : - 1 pending patent




MEMS tunable grating

— - Optical
- grating

O Anchor
points
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actuators

Encoder

Chip size
5mm x 5mm

Pads
Grating size

Imm x 1mm

Blaze angle
54 deg

Encoder

. . “ V . 1 m Ili
differential comb TunaLED_s.01, 0907-1734
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Tunable grating function
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Si substrate I:> Si substrate

Technique: grating stretching Applications
Advantage: continuous tuning

e Tunable filters
e External Cavity Lasers

e Spectrometers

'%‘I‘I‘ITITWP T T T 11
wavelength wavelength
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2006 — Concept & Process

Deformable MEMS grating for wide tunability
and high operating speed

(4h]

Maurizio Tormen'”, Yves-Alain Peter”, Philippe Niedermann'”, Ao Hoogen\'erl{”A Herbert

Shea'” and Ross Stanley“}

' Centre Suisse d’Electronique et de Microtechnique SA, Rue Jaquet-Droz 1, 2007 Neuchitel.

Switzerland

| Substrate [

a) Start with a low-resistivity SOI wafer.
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) Dry etching of the device layer
Resist removal
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) Exposure at 30°
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2) BHF etch
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1) Release (HF vapor)

| |

1) Patterning of structures. Minimum feature is 1 pm.
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) Thermal oxidation
Resist spinning
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f) Resist development

HM.{

h) Resist stripping
KOH etch
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MEMS TUNABLE GRATING MICRO-SPECTROMETER

Maurizio Tormen, R. Lockhart, P. Niedermann, T. Overstolz, A. Hoogerwerf,
J-M. Mayor, J. Pierer, C. Bosshard, R. Ischer, G. Voirin, and R. P. Stanley

2 008 - M O n O C h ro m at O r CSEM (Swiss Center for Electronics and Microtechnology),

l cm

200 pm

intensity (a.u.)

wavelength (nm)
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2010 - Tunable laser

MEMS GRATING BASED MICRO-SPECTROMETERS AND TUNABLE LASERS FOR
VISIBLE, NEAR- AND MID-INFRARED APPLICATIONS

Ross Stanley, Jorg Pierer, Real Ischer, Guy Voirin

Maurizio Tormen, CSEM, Rue J. Droz 1, Neuchatel 2002, Switzerland, Robert Lockhart, Branislav Timotijevic, Thomas Overstolz,
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2011 - Wavemeter L 4 ‘Nt and chaler

PhotoDetector
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MEMS Wavemeter

What is your idea?

Accurate wavelength determination is key for the correct functioning of complex
systems, such as in thebiomedical or the construction domain. For example, the
stress and deformation inside a building, a bridge or an airplane wing can be
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Smart System Integration 2013

Compact double monochromator system based on tunable MEMS gratings.

Maurizio Tormen, Markus Liitzelschwab, Branislav Timotijevic, Réal Ischer, Ross Stanley, Thomas Overstolz,
Sylvain Grossmann, J6rg Pierer, Christian Bosshard.

2012 — Double stage monochromator

Optical module

S—— Electronics

(to drive 4 optical modules)
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2013 — Photo-acoustic Spectroscopic System

Development of in Photo-acoustic Spectroscopic System based on Tunable

Quantum Cascade Laser modules, mounting CSEM MEMS gratings.
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