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Presentation Outline

« MEMS Forecast & Applications
« MEMS in Automotive A
« Focus on "
— Advanced Driver Assistance Systems
— Pressure Sensors
— Inertial MEMS
— Microphones
* Reverse Engineering
- Conclusion
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Market Forecast &
Applications
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2012-2018 MEMS Markets in US$M

MEMS Market Forecast 2012-2018 Value (in MS$)

$25 000M
Yole Développement — June 2013

Others

Oscillators

$20 000M
u RF MEMS

Microdispensers (microfluidics)
M Microfluidics for IVD

® Microfluidics for research

$15 000M = Other optical MEMS

M Projection systems
B Micro displays
M PIR & thermopiles

$10 000M

B Microbolometers

M Inertial combos

M Digital compass I n ertl al
B Gyroscopes M E M S
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$5 ooom M Accelerometers
H Microphones
M Pressure sensors PreSS ure
M Inklet heads SENSOrs

SoM
2012 2013 2014 2015 2016 2017 2018 2013-12B USS$
2018 - 22.5 BUS$
|\YOLE 001854
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MEMS Markets by Application (in US$M)

MEMS SM Forecast per Application

g

$25 000M ?;
Yole Développement — June 2013 3

$20 000M 3
$15 000M » Telecom ‘;Z
® Medical %

$10 000M H Industrial §
H Defense g

$5 000M = Consumer Eé:
B Automotive Ii

$0M W Aeronautics %

2012 2013 2014 2015 2016 2017 2018

- Automotive will have a slight growth in the coming years 2013 —2,7B US$
2018 - 3,6 BUS$

— Telecom and consumer will grow faster
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MEMS Iin Automotive

Compass, HVAC position,

Throttle, EGR sunroof, wipers
valve position

Trunk / door lock
switches, electric
windows

Cam/crankshaft position,
engine speed

Throttle by wire

1gine oil and
brake fluid
level

Wheel speed
sensing, TPMS, fuel
level, seat position,

Brushless DC

motors, Accelerator
belt presence
cooling fan, pedal position g
coolant level
Current sensors for HEV battery
Starter / Alternator, Transmission management, wing mirror
stop/start systems gear position, position, steering wheel angle,
speed torque

Infineon source
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MEMS for Automotive

Overview

Inertial devices

Pressure sensors
Uncooled IR detectors

MEMS Sensors

WiN

A
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TPMS
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Night vision

Side airbags, _ _
Seat occupancy Micro-mirors &

pico projectors

Active Safety

€20z Aenuer ¢o uo ysanb Aq jpd-uossing

Particle filter
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IMAPS 10th International Conference on Device Packaging | March 10-13, 2013 | Fountain Hills, AZ USA

e
ey

/"
{ Y Pedestrians in path

S’ of vehicle

. Critical |
- " '-'-A and Warn
informatio

; to driver
-

L = s \

Advanced Driver
Assistance Systems
ADAS

001858
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Fewer Deaths Due to Safety Systems

75,426 EU road fatalities

" S|
§3,90383.155

Safety Systems
—reducednumbersef— — — — — — — ————
death on the road

1991 ‘IEIEIZ 1993 1994 19495 1995 199? 1998 1999 2000 2001 2002 2003 EEIEIJ# 2005 2008 2007 2008 2009 2010

=a=F fatalities EU target to halve the number of fatalities by 2010
Source: CARE (EU road accident database)
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Transition from Passive to Active Safety

Autoliv example

=HNight vision ; ¥ «Early sensing | «Black-box
» Cross lraffic by braking - Netiiia Gt function (Event
assist « Crash avoidance : -| data recorder)
. = Active structures :
* Adaptive « Stability control _
cruise control 3 = Active knee
| =Active bumpers bolster

= Queue assist

E-W]
< .
{ ,.
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2010 z

T 1% 31% :
Active Safety £
@ Passive Safety O/ i %_
m Active Safety 1% Ir_] 2005 %
31% in 2013
69% é
90% 89% )

AYOLE 001860
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Night Vision Functions Evoive Towaids Pedestrian Coilision

Radar + vision

camera fusion

Mitigation
The most useful reason for night vision
> years
2002 - 2004  2008-2009 2014 -2017 y
............... ..........ACT[VE S FETY rervrrTTET TR ...-.... >

ASSISTANCE WARNING EMERGE!

! " iwof o
= Night vision L] Pade?.lrian = Crash mitigation Ssiziasie y
= Cross traffic waming by braking

assist = Ul S N L Crash avoidance

= Adaptive LY

cruise control

= Queue assist

= Stability control

2 Collision warning

= Active bumpers

- Blind spot waming

©2014
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system to

prevent false
alarm
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Global Advanced Driver Assistance Systems

Market expected to grow

Increasing Installation Rates of Advanced Driver Assistance Systems*

Source: Continental estimates
"Contains: adaptive cruise control, collision mitigation, lane departure waming, blind spot detection, intelligent lighting. night vision, traffic sign recognition

g

3

25% é
El

3

20% g
15% §
10% é
/ 3% in 2008 .g

5% 5
DI:.:'E' T T T T T T 1 1 g
2008 2009 2010 2011 2012 2013 2014 2015 %

=E=F urope NAFTA =i=]apan g

Vision cameras and radar are the most popular ADAS teﬁhnologies.

NYOLE 001862
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Advanced Driver Assistance Systems

(Also called active safety systems)

 Advanced Driver Assistance Systems, or ADAS, are systems to

idusjjeuelpuaw/:dyy woly papeojumoq

assist with driving. ADAS are also called Active Safety systems.

0-sdewl/woosse.

EYEII

« ADAS includes a wide variety of functions based on several
detection technologies :

— Visible and NIR cameras :

— Radar

sINg”zyy ejouhen-odpiL0Z/20909€2/1581.00/0dA/Y L 0Z/4Ppd-8jonie/seou

* nbolometers

e g0 uo isanb Aq jpd-uos:
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— Others : Ultrasonic, LIDAR (laser) \‘\\ ;ii

NYOLE 001863
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Automotive Visible CMOS Cameras
Main applications

Front-View Side & Rear-Side Inside-Car Rear-View
Camera View Camera Camera Camera
“Vision-based” ok Prevention
Parking
nsor .
_Se S0rs = Blind-spot assistance
—? Image detection (BSD) > Rear-view &
restitution for > Assisted passing back-up cameras
the driver
“Q; - Intelligent head-
rogég:iar: ” light control (IHC)
P >1Ng - Traffic signals =~ Driver
analytical recognition (TSR) drowsiness
sensors monitoring
=> No image. ~ Lane Departure -Intelligent airbag
Only imager Warning (LDW) deployment
f y ti - Pedestrian
unction detection

Vision cameras provide a wide variety of functions for a limited cost
(less than $100).

NAYOLE 001864
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Main Functions of Radar

Adaptive Cruise Control (ACC)

ACC follows the flow of traffic ahead of the vehicle,
even if its forward progress is stop-and-go. Uses
Long Range (> 200m) Radar (LRR).
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Emergency Brake Assist (EBA) or Pre Crash Braking (chfi)

Emergency Brake Assist detects critical traffic situations and
ensures optimum braking.
Uses Long Range (>200 m) Radar (LRR).

ukex-odpyL02/20909€2/L.58100/0dA/¥ 10

Blind Spot Detection (BSD)

SINg” Zuy 810!

Blind Spot Detection warns the driver when there are
vehicles in the blind spot of the side-view mirror.
Uses Short Range (30-50 m) Radar (SRR).

e g0 uo isanb Aq jpd-uos:

Radar is increasingly used even if the cost is higher (up to $260)
. than vision cameras. (Radar $ 3 |mager $)

€20z Asenu
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Automotive Vision Enhancement

NIR vs FIR detection

* FIR (far Infrared) systems are passive IR systems based on Long

idusjjeuelpuaw/:dyy woly papeojumoq

Wavelength IR microbolometers.

0-sdewl/woosse.

* NIR (Near Infrared) systems are active IR systems using a Near Infrared

EYEII

light source (about 0.8 microns)
 Both introduced in cars since 2000 but their use is limited by their high
cost

— retail price is more than $2,000.

« Today generally used to display an image to the driver, and can also detect
pedestrians and warn the driver (Mercedes, Honda) .

sINg”zyy ejouhen-odpiL0Z/20909€2/1581.00/0dA/Y L 0Z/4Ppd-8jonie/seou

FIR sytem

€20z Aenuer g0 uo 3sanb Aq jpd-uos:
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NIR active Driver Assistance System
(Bosch example)

Vision enhancement system (Source: Bosch) In-car video camera (Source: Bosch)
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FIR Passive Driver Assistance System
Autoliv - BMW example

Pedesltrians in path
of vehicla

N

Head-up display aleris
driver of potential
danger ahead

Critical Image

> '3& and Warning
information
to driver

9

(= S \
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Autoliv’s night vision generation 2 system launched in 2009 includes an automat
) pedestrian detection warning. 001868
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Autoliv FIR Night Vision Roadmap

Additional functions and cost reduction

eipuswW//:diy wouy papeojumoq

e

2009 2010 2011 2012 2013 2014 2015 2017 2017

udua)|

37 premium models contracted for 2015
v |
0 “ e
N /,\(
/

Autolly

0-sdewl/woosse.

JUO!

.

Generation 2:
- Pedestrian detection

sinq 28) ajoukax-odpy | 0z/L0909€2/1.58100/0dA/Y L 0Z/spd-ajone/seousis,

- About $800 camera Generation 3: Generation 4:

- Less than $500 imager Pedestrian + animal - Fusion NIR-FIR ?

- 25 micron imager detection - About $325 camer
- About $600 camera - Lessthan $100  ;
- Less than $350 imager imager §
VO % - 17 micron imager - 12-17 micron g
—— imager
-50 %

|\YOLE 001869 et
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IMAPS 10th International Conference on Device Packaging | March 10-13, 2013 | Fountain Hills, AZ USA
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Pressure Sensors
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Pressure Sensor for Automotive Applications

Key applications

Higher Volume « Air Intake Sensors for Engine Controls (MAP/BAP/Boost)
Applications * TPMS

(tens of millions of units) * HVAC

* Fuel Common Rail (100% of Diesel Engines, Also needed for
Gasoline Direct Injection)

* Oil Pressure, Brake, Suspension, Steering
Other - Side Airbags

* Particulate

* Mass Air Flow Sensors

« Seat occupancy

* Fuel Vapor (saturated)

Applications

€20z Aenuer g0 uo 3senb Aq jpd-uossing zuy~ sjoukex-odpy L 0z/.0909€2/158100/0dA/¥ L0Z/4Ppd-a]oile/seousiajuod-sdewl/woo ssaidus||e uelplaw;/:dpy wol pspeojumoq

Application Market * TPMS sensors over 15% CAGR in Sensor Demand
Dynamics * Most of others from 5% to 10% CAGR in Sensor Demand

NYOLE 001871
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Pressure Sensor for Automotive Applications

TPMS examples

« Atire pressure monitoring system (TPMS) is an
electronic system designed to monitor the air pressure
inside the pneumatic tires on various types of vehicles.

* Infineon is one of the leaders in TPMS and pressure
sSensor for TPMS manUfaCtUHng Infineon SP37 Tire pressure sensor for

— Infineon SP37 TPMS

* Other products examples:

€20z Aenuer g0 uo 1sonb Aq Jpd-uossingzyi~eloukex-odpy | 0zZ/20909€Z/158100/0d A/ | 0Z/4pd-8[oiLe/Seou18)u0d-sdewl/woo ssaidusl|e uelpusw//diy woly papeojumod

§—4
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17 N\ .

N 8.7 !

7’ \ /
/ |
”

Melexis MLX91801 Tire e i Pressure sensors’ positon for TPMS,
Pressure Monitoring Freescale MPXY8300 for TPMS source: Infineon
Sensor
NAYOLE 001872
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Pressure Sensor for Automotive Applications

Engine management system (EMS) - MAP

 An engine management system (EMS) is used to keep combustion engine

« The EMS is a type of electronic control unit (ECU) that determines the
amount of fuel, ignition timing and other parameters.

« The pressure inside the manifold is measured by the manifold absolute
pressure sensor (MAP).

ZUi~8j0ukex-0dpy | 0Z/20909€Z/1 58 100/0d A/t | 0Z/3pd-81oiLie/Se0uBI8)u0d-sdewl/woo"ssaidusl|e Uelpusw//:dny woly papeojumod

A
From and towards other vehicle system’s control
\ 4
> L
| ECU|
S
SENSORS ACTUATORS
Continental MAP module — o ;én
with an Infineon KP21x 4 w5 s
sensor inside I . © ‘ ~ v g'
3
NAYOLE 001873
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Pressure Sensor for Automotive Applications

Engine management system (EMS) - MAP

 Manifold absolute pressure sensor (MAP sensor) is one of the very first
pressure sensors developed for automotive applications.

« The MAP is an important parameter to compute the air/fuel ratio provided
to the engine for lower emission due to better combustion and increased
efficiency.

« There are alot of MAP products on the market. Most main automotive
pressure sensor manufacturers can supply such basic sensors.

€20z Aenuer g0 uo 3senb Aq jpd-uossing zuy~ sjoukex-odpy L 0z/.0909€2/158100/0dA/¥ L0Z/4Ppd-a]oile/seousiajuod-sdewl/woo ssaidus||e uelplaw;/:dpy wol pspeojumoq

Infineon
KP229E3518

Delphi
MAP module

Bosch
MAP module
NAYOLE 001874
D

Freescale
MPXA4250A6U

©2014 | www.yole.fr | news@yole.fr | +33(0)472830192 | Building: le Quartz 75 cours Emile Zola 69100 Villeurbanne



And much more!

Particles filters for Diesel Engines

\ D

dil

Brake booster
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) Vacuum
Connection
Fulcrum Plate
1
*i \:""Q e y
C A InpuRShaft
To Master
A Pressure sensor Cylinder 4+—
B Exhaust differential pressure sensor Push Rod
C Temperature sensor
D Particulate filter Reference C 3 Fuel Level
Pressure Sensor
\ Atmospheric §
puel Tank Spring Vacuum Port S
8
Y
o
Diaphragm B
Throttle Bady E
/ﬁ'ﬁ Casing 3
22 8
& ;
— 3 IN
i Service Port A typical brage
Purge Solenoid 7
(normally closed)

booster, sourge:

=1

=]
=h
>
[0
[}
=]

Pressure
Sensor & fuel

vapor control
o Source: Infineon  system
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Evaporative
System Canister
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Pressure Sensor for Automotive

Conclusions

« Automotive applications dominate the MEMS pressure sensor market.

— Current applications are numerous: MAP, Boost, Fuel Rail, Vacuum Boost Stop and Start,
Oil Pressure, Particle Filter, Oil Transmission, Fuel Vapor (Tank), Brake & ESP, Suspension,
Side Airbags, TPMS, HVAC fans, Seat Occupancy (Weight)...

« MEMS pressure sensors still have a very bright future in the automotive
industry.
— Promising applications: MAP, TPMS...

— New applications appearing: In-cylinder pressure sensing, EGR...

€20z Aenuer g0 uo 3senb Aq jpd-uossing zuy~ sjoukex-odpy L 0z/.0909€2/158100/0dA/¥ L0Z/4Ppd-a]oile/seousiajuod-sdewl/woo ssaidus||e uelplaw;/:dpy wol pspeojumoq

« This segment will continue growing over the next several years with the
expectation of new functionalities or higher performance

001876
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IMAPS 10th International Conference on Device Packaging | March 10-13, 2013 | Fountain Hills, AZ USA

idusjjeuelpuaw/:dyy woly papeojumoq

0-sdewl/woosse.

EYEII

MEMS Microphone

ukex-odpyL02/20909€2/1.58100/0d A/ 1 0Z/APd-8[oiE/SB0U
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Applications
Automotive application

e g0 uo isanb Aq jpd-uos:
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MEMS microphone for automotive

application

* Interesting applications identified

— Three different applications are
distinguished

£

¢ & ]
B .
-3
.
»
”
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1. Hands free solution for Mobile phone

2. Acoustic crash sensor

3. Noise cancellation to monitor car indoor
noise level and for remote voice control
features

— Acoustic shock detection sensors detect
the chassis sound when crashing

€20z Aenuer g0 uo sanb Aq jpd-uossing

|\Y0 LE 001878

©2014 | www.yole.fr | news@yole.fr | +33(0)472830192 | Building: le Quartz 75 cours Emile Zola 69100 Villeurbanne | 28



MEMS microphone for automotive

application

* Integration of MEMS Microphone in Automotive
market is still a challenge because:

« Miniaturization and strong integration is not a key issue
in Automotive cockpit

 Price of ECM are really competing with MEMS
Microphones.

« Opportunity for Digital MEMS Microphones is immunity

of these devices from Automotive electromagnetic
environment compared to ECM and Analog MEMS
Microphones.
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Example of possible Microphone
integration in a car belt

 Microphones can provide active noise cancellation
features for indoor car environment.
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INERTIAL Automotive applications
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Inertial MEMS in Automotive

Structure of passenger vehicles with current integration of inertial sensors

+ Front crash sensor
* Rollover sensors
* ESC accelerometer Standalone sensor

+ ESC gyro (possibly) « ESC gyro (possibly)

+ Navigation gyroscope

* ESC unit (processing)
+ ESC gyroscope (possibly)
+ ESC accelerometer

(possibly)
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* Motion detection sensor

Standalone peripheral module
+ Satellite crash sensors
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Inertial MEMS In Automotive

Mandates — currently announced

« Electronic Stability Control (ESC) is an electronic safety
technology that can help a driver maintain control of his
vehicle

 Anincreasing number of new cars are equipped (47% in 2011)

Canada
Australia (all models)
Japan (expected following a guideline publication)

N N
/ / / e
USA

Europe (new models) (new models) S. Korea (all models)
Rollover '

USA (2018)?

Australia (new models)

S. Korea Europe (all models)
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Main ECU Airbag Sensor

« Current trend is to use 2-axis sensors for main ECU airbag
— 90% adoption for 2-axis solutions today

— 1-axis solutions are still used but less often:

* in China 1-axis solutions are often sufficient

« Evolution of packaging is a key technical evolution

— Driven by footprint reduction Bosch BMA550

« Measurement range and frequency resonance depend on
each model '
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— High g accelerometers are used: +/- 35 to 100g

Zusj0u

— No clear roadmap on the measurement range and sensor
frequency resonance

r €0 uo 1sanb Aq jpd-uossing

— Those parameters are still very dependent on the vehicle

Denso airbag ECU

€202 MenuJ
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Rollover Sensors

eipuswW//:diy wouy papeojumoq

e

« The popular SUVs in the 2000’s have generalized the use of curtain

udua)|

airbags

0-sdewl/woosse.

— Anti-rollover systems provide protection against car roll accidents

EYEII

— Curtain airbags open and remain inflated for six or more seconds, covering the
side windows: Shock protection + Prevent out of the car ejection

 This market is mostly limited to North America

— SUVs are not a widespread type of car in other areas

ukex-odpyL02/20909€2/1.58100/0d A/ 1 0Z/APd-8[oiE/SB0U

* Rollover function needs both a gyroscope and an accelerometer

— Accelerometer: low-g

SINg” Zuy 810!

— Gyroscope: 300°/s range

e g0 uo isanb Aq jpd-uos:
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Bosch SMG10x-series 3™ generation
rollover gyro
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ESC Accelerometer

eipuswW//:diy wouy papeojumoq
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« Low-g accelerometers are used to measure |ateral

0-sdewl/woosse.

acceleration

EYEII

— 21to 5g devices

— Transition from l-axis detection to 2-axis is underway

Freescale MMA6900

« Leading ESC accelerometer players are Murata and

ukex-odpyL02/20909€2/1.58100/0d A/ 1 0Z/APd-8[oiE/SB0U

Bosch

— Freescaleis a newcomer in ESC accelerometers

SINg” Zuy 810!

 Low-g ESC accelerometer has been qualified in 2010
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ESC Gyroscope

 Requirements for ESC gyroscope

depends on the location:

— For installation in engine room: ABS ECU - ESC unit
-40 = +125°C operating temperature

» 150°/s range
— For installation in Airbag ECU:

-40 > +105°C operating temperature Epson Toyocom XV-9000 series of
. 300°s range gyro-sensors for ESC or Rollover

— Different mounting direction depending on the
location

Yaw Roll

« Leading ESC gyroscope players are /—\ /‘\

Panasonic and Bosch

— Challengers: Maxim, Murata ...

— Epsonis anewcomer in ESC gyroscope
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Auto Navigation Sensors

« MEMS gyroscopes can be use for dead

eipuswW//:diy wouy papeojumoq

reckoning

— EX: Renault Carminat TomTom, available in May 2009 in

BULIl/WOo"ssa/duf| e u

select Renault models
— 1l-axis gyroscopes with >50Hz bandwidth :
— Car-integrated GPS does not use accelerometers to get Carminat TomTom
information on speed

 Leading players are Murata, Epson and
Panasonic

ukex-odpyL02/20909€2/1.58100/0d A/ 10Z/Apd-3]

— Murata supplies 1-axis silicon gyros for this market
.. ) . . ] SSS Pintpoint in-plane and
— Epson Toyocom is involved in Auto car navigation since out of plane gyroscopes

2008

SINg” Zuy 810!

— New players still appear in car navigation (Silicon

e g0 uo isanb Aq jpd-uos:

Sensing...)
Epson Toyocom XV-8000CV

gyroscope for car navigation

€20z Asenu

— Bosch decided to exit this market
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Magnetometers

« Magnetometers have been widely used in passenger

vehicles for years
— Used to provide a compass function
— Mostly a US market

¢ 2-axis magnetometers are used in automotive
— No need for a 3rd axis

« These magnetometers are used as indicators
— show digital indication of the direction (e.g. “65°N”)
— typically used as a dashboard digital indicator or

integrated in the rearview mirror

€20z Aenuer €0 uo 3senb Aq ypd-uossing guy sjoukex-odpy L 0z/.0909€2/158100/0dA/¥ L0Z/4Ppd-a]oie/seousiajuod-sdewt/woo ssaidus||e uelplaw;/:dpy wol pspeojumoq

« Level of integration is very basic \S

. H Il 2-axi
— Like temperature sensors... oneywell 2-axis

magnetometer for compassing
— No integration with the car electronics = no impact from

inertial combo sensors
NAYOLE 001888
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Inertial MEMS In Auto

Conclusions

« High-g MEMS accelerometers are growing because of the increasing
Integration of peripheral sensors in addition to front car sensors, in
countries where car safety regulation drives fast growth of inertial sensors

« Low-g accelerometer, TPMS devices and gyroscopes are driven by
regulations in USA and in Europe, rapidly spreading to other countries

« Magnetometer for compass is rather small market in automotive
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« Combo sensors started to emerge with ESC combos
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Summary & Conclusions
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The Future of MEMS In Automotive

Industry

« MEMS are getting broadly adopted in the automotive industry, making cars

idusjjeuelpuaw/:dyy woly papeojumoq

more safe, comfortable, economic...

0-sdewl/woosse.

EYEII

« Some devices such as intertial devices and pressure sensors are now
mature. Although their market growth gets related to the overall automotive
market, these can still be boosted by changes in regulation (e.g. ESC in
USA)

« Next to that, new applications are slowly growing to improve active safety,

sINg”zyy ejouhen-odpiL0Z/20909€2/1581.00/0dA/Y L 0Z/4Ppd-8jonie/seou

such as Night Vision and Head-up displays.
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Thank-Youl!

For more information

WWW.I-mICronews.com
www.vole.fr

Subscribe to our magazines
Check out our reports
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