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Today’s Presentation AA

MEMS INDUSTRY GROUP®

* Introduction to MEMS Industry Group

« MEMS and Sensors Market Trends

« MEMS and Sensors Technology Trends

« Challenges and Opportunities



About MEMS Industry Group® (MIG) 'AYA‘

MEMS INDUSTRY GROUP®

MIG Is the trade association advancing
MEMS across global markets.

Connect the
MEMS Supply Chain

MMMMMMMMMMMMMMMMM

Commerciadlize
MEMS

Champion MEMS in
Established and
Emerging Markets




About MEMS Industry Group® (MIG) 'AvA‘
A

MEMS INDUSTRY GROUP

« Formed in in the US in 2001 with five
companies - outgrowth of MEMS industry
executive meetings at Defense Advanced
Research Projects Agency (DARPA)

« MIG is an industry trade association
iIncorporated as a not-for-profit organization,
based in Pittsburgh, Pennsylvania, USA

« MIG is international, with over 160 member
companies and partners worldwide

 MIG managed by Executive Director Karen
Lightman, with Governing Council composed of |
representatives from member companies




MEMS Supply Chain = MIG Members 'AYA‘

MEMS INDUSTRY GROUP®

End-users/

Integrators

Device

Designers m Producers

MEMS INDUSTRY GROUP®

Materials &

Equipment
Suppliers
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For a complete list of members and partners, please visit www.memsindustrygroup.org.



MIG’s Global Presence

MEMS INDUSTRY GROUP®




Join MEMS Industry Group 'AYA‘

MEMS INDUSTRY GROUP®

» Access the entire MEMS supply chain
throughout the year
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MIG Champions MEMS In 'AVA‘
Established and Emerging Markets s

MEMS Industry Group® Conference Shanghai

The Glo bIMEMSS ppIyCh
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M2M Forum- Members Only Conference 'AYA‘

MEMS INDUSTRY GROUP®

The MEMS Supply Chain - E
It Takes a Village

May 20-21, 2014 | Berkeley CA

)
2t Y Organized and pr nted by MEMS Industry Group F O R U M ®
@

« Requirements driving MEMS technology

e Successful Tech Transfer examples

« Learning from MEMS: What’s the cycle time around
learning and how do we improve this?

« Technical barriers/advances that MEMS needs to advance

* Includes tour of UC Berkeley Marvell Nanofabrication
Laboratory




Where else will MIG be In 20147 'AYA‘

Sensors Expo & Pre-Conference
Symposium
June 24-26, 2014 | Rosemont, IL

Sensors expo
d conference

SEMICON WEST
SEMK:ON MIG Member Cocktail Party
July 9, 2014 | San Francisco, CA



MIG Conference Shanghal 'AYA‘

INDUSTRY GROUP®

v September 10-12, 2014
'AAA‘ Shanghai, China _.@m

MEMS INDUSTRY GROUP® In Partnership with SIMIT (Shanghai Institute of
Microsystem and Information Technology)

Theme: Global MEMS Supply Chain & The Internet of Things
« Site Visit to Jiading — Shanghai Center for Internet of Things
* Chinese and Multi-national Speakers
* Topics include:
* Global trends, collaboration, tech transfer/innovation,
competitive advantage of foundry models




MEMS Executive Congress US 2014 'AYA‘

M BHECUGCILUE CONgness”

November 5-7, 2014, Scottsdale Arizona




MIG Enables MEMS Commercialization 'AYA

EMS INDUSTRY GROUP*

MIG Is THE neutral forum for discussion of
Issues affecting the commercialization of
MEMS.
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The “So What?” Factor 'Av“

What's our vision?
— MEMS and Sensors EVERYWHERE

Where does MIG add value?

— By acting as a partner and facilitator to bring the diverse
MEMS supply chain together to tackle the tough issues
like standardization and new MEMS product development

Why Is this important?

— To speed MEMS commercialization and reduce ¥costs¥

What's Next?
— Global MEMS Supply Chain Challenges



AA

MEMS INDUSTRY GROUP®

TOP MEMS Ranking

2013 MEMS Ranking

April 2014
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MEMS Market Adding $1B/Year 'AvA‘

US$11.4 B
US$9B

MEMS market, 2006-2017

billions of dollars

il

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

© 2013 IHS MEMS Market Tracker, Q4 2013

MEMS INDUSTRY GROUP®

« 2013 another record
year

« MEMS growth 2x as
fast as
semiconductors In
next 5 years

« Consumer market
reigns supreme. After
smartphones and
tablets, wearables
are third wave in CE

Source IHS MEMS Market Tracker — Q4 2013



Consumer & Mobile = Today’s
Powerhouse MEMS Markets "Y“

MEMS market by application, 2006-2017

/7 = Wired communications
= Military & Civil Aerospace
10 - ™Medical Electronics
» Industry
m Data processing
8 - = Automotive

m Consumer and Mobile

il

annnll

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

billions of dollars

i

Source: IHS © 2013 IHS MEMS Market Tracker, Q4 2013




Typology of MEMS Companies m

Business model for MEMS manufacturers

Revenues 4
(MEMS business)

Large

$300M

Medium

$100M

Small

Foundry service  IDM with foundry IDM Fab-light Fab-less
service

Business model



AA

Biggest technology trends are with:
« Sensor Fusion

* Integration

* Energy and Wireless Sensor Networks



MEMS Is Everywhere 'AYA‘

MEMS INDUSTRY GROUP

Google Glasses
Sony Smartwatch
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Fitness Band




MEMS IS Inside AA

MEMS INDUSTRY GROUP®

_ ; Inertial MEMS RF-Resonators
Micro-mirrors Gyroscopes & accelerometers
Pressure sensor Optical MEMS '

w—
el y
Ink-jet & Micro-fluidic
Print Heads

RF-MEMS Micro-Displays

switches, Filters. .. Si Microphones |mage3 Courtesy of
A

y YOLE DEVELOPPEMENT



simplified View of TODAY (2013's) m‘
A

Smart-Phone Board MEMS in red

MEMS INDUSTRY GROUP®

MEMS devices in volume in 2013:

* IMU combo
* Magnetometer

* MEMS microphones

* Pressure sensor

« Humidity + Temperature sensor
* BAW filters and duplexers

» Antenna tuner



Simplified View of TOMORROW (2018's) m‘
A

Smart-Phone Board MEMS in red

MEMS INDUSTRY GROUP

New MEMS devices in volume in 20187

* 9-axis combo

* Pressure + Humidity + T° combo

» More microphones!

« Silicon timing for XO / TCXO / 32kHz clock
 Antenna switching

* Gas / biochemical sensors
* Auto-focus

* MEMS mirrors
» Microspeaker
* Touchscreen?
* IR sensor?

Energy harvesting?

UV sensor?
LIDAR?
Ultrasonic sensor?
Joystick? Radiation sensor?




MEMS Sensor Fusion 'AYA‘

MEMS INDUSTRY GROUP

« Combination of software and hardware
 Intelligent, complex and integrated

* Promises increased power and performance
while reducing cost

« Often sensor-agnostic




MEMS Integration - Winning
Combination

Combo vs. discrete motion sensor market in value, 2006—-2017

A

MEMS INDUSTRY GROUP®
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= Combo: accelero, gyro, and mag shipping as part of
6-axis IMU, 6-axis compass, or 9-axis IMU
m Discrete accelero, gyro and mag

2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016 2017

© 2013 IHS Consumer & Mobile MEMS market Tracker, H1 2013




Energy

AA

MEMS INDUSTRY GROUP

Conserving and Harvesting all in One!

Imec’s Autonomous TPMS System

(‘'unity') with Integrated

Piezo-electric Energy Harvester

BOLT™ Energy Harvesting Products

- <~
" - l’
R "= il 200
& i ! ,000 pF ultra-cap
O, HIE 2
N ;; i 1 s :
5 g eSS 7 0mA-hr
%% 4 ; » coin-cell
A £
i' & A7 50 pA-hr EnerChip™
- Energy Cells
Included: LTC 3588-1
Piezo Energy
Harvesting Converter Piezo-MEMS Power CE"S (Dc)
generator

MicroGen Systems’ Micro-Power Product
Line for Wireless Sensor Applications



Dust Networks®



AA

MEMS/Sensor Market
Trends:

* Wireless everywhere
« Smart MEMS and sensors

| everywhere
IoT « Quantified Self phenomenon
P « Multifunction devices — always on

and “at the ready”

e Cloud Computing and
“Fog Computing”

,é RS

-
g
S

All enabling a _
7 freescale’ Connected Intelligence Internet of TI’E:n_QI]_%)and Services
0O




What Does the Future Hold? 'AYA‘

MEMS INDUSTRY GROUP®

MEMS Speakers? Thermal camera in handsets?

AudioPixels. » wafer thin - literally!

Audiopixels?

IHS Electronics & Media



Remaining Challenges 'AYA‘

MEMS INDUSTRY GROUP

Standardization (and lack thereof)

Commonly Requested Sensor Vendors

N e S N A MEMS/Sensor

: Industry response:
. « MIG-led creation of
o S + historic

— . 18+ Vendors Standardized

2 Performance

e . 26+ Sens_or Definitions (SPD)
st _ Product Lines

waxim . Up next: API

I : . Standardization

Rohm
ST

Taos
Yamaha

18 8 3 8 5 2 ) o
Courtesy of Qualcomm, used with permission

Courtesy of Qualcomm, used with permission



MEMS + Innovation = Opportunity 'AYA‘

MEMS INDUSTRY GROUP®

Where will MEMS take you?



Thank you AA

MEMS INDUSTRY GROUP®

Contact MIG

www.memsindustrygroup.org

Karen Lightman, Executive Director

1620 Murray Avenue
Pittsburgh, PA 15217 USA
PH: +1 412.390.1644
Twitter: @MEMSGroup, @khlightman


http://www.memsindustrygroup.org/

