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3D IMAGING &SENSING
From Enhanced Photography to an Enabling Technology for AR and VR

1. Applicationtrend 4-16 6 15min
2. Marketforecast 17-21 0 8min
3. Companyecosystem 22-26 0 8min
4. Technologytrend 27-31 0 8min
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WHAT ARE WE TALKING ABOUT?
From imaging to sensing

Imaging

X 4 ¥

2 TV
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360° imagé; Image processing/enhancement Holographicdmages

3D imaging
for display and
3D sensing for
recognition
/detection. MR e Y
Facial recognition in  Mapping in GIS
mobile

Sensing

Object recognition in People counting in
industrial surveillance

Detection in AR/VR

Obstacle avoidance idrone
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3D IMAGING & SENSING MODALITIES SEGMENTATION

3D imaging &
sensing cover a
wide range of
modality.
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Modality 3D sensor type
X-Ray CT CT scannerflat panel CTgcone beam CT
(t:;\;ered by Optical 3D Structure from mc_)tion, stgreo cameras, projection
presentation based cameras, time of flight cameras
Optical CT Spectral domain OCT, swept source OCT
Lidar Lidar, solid state Lidar, MEM®Jar, Flash Lidar
Radar Synthetic aperture radars
Ultrasound Phased arrays
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USE OF MACHINE VISION TECHNOLOGY
Visionsensing technology is transforming all markets

Medical _~
systems W} Industrial
Automotive 0 ﬁ = Defense
: y = ** & Aerospace |
& transport l p . E\Y,,?LEr

Image generation

IS less often

intended for Proadeast

huMan usage cameras Low volumes
Robotics and ge. 2 ] <1M units
immersive Machines have a ' |
teChnO|OgieS greater LVt Yole Développemé&019
are requirementfor .

_ . y & >100M unit
transforming 33?;#;%‘”%“ TOr surveillance >10M units e
the imaging interactio¥1
|andscape_ ’ ngh volumes

3D imagers & ng Colputing
Sensors are a key Consufmer Consumer Smart
part of this drone robots home
technology cameras devices
revolution. Consumer ?
viewer & gaming
devices 9*"
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WHAT ARE WE TALKING ABOUT?
3D imaging & sensingb sulbzcomponents to cameranodules

Minimum resolution for imaging

50 pixel x 50 pixel arrays ‘/ ‘/

I Semiconductor Module level I
[ level [
i i
i i
i - i
i i
Analysis from : VCSEL :
component x i
point of view. I C . I
I & I
— :
I ‘ Courtesy of Sunny Optical I
I Recelver I Courtesy of OPPO
Courtesy of Sony I S I
I ensor array Lens I
i i
. m
\r/;/\?\f?r:Ztgérial : Semiconductor & Other Camera : Systems
Subcomponents module
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3D IMAGING AND SENSING FOR MOBIIEHONES

» 1.4Mp NIR GS Camera

» ToF Proximity sensor

» Flood IR Illuminator

» 7Mp RGB camera
» DOT IR Projector

FRONT sice

Structured Light approach has been chosea
starting point for the 3D imaging era.The front 3D module

2017

Beg|nn|ng Of the could evolve toward ToF technology in the future, showing

: " more reliability in direct sunlight and lower computational
3D Imaglng era requirements.

> |lluminator
ToF Camera

REARsie
ToF technologyis usedin REARside in 2019 for

l Fold camera
photographenhancelt developedmore applicationsuchlike AR
game,3D measurementetc.. It has some advantagesuch like
2 O 1 9 longer work distancesmallersizeand lesscost etc., it will grow
fast and eventuallywill encroachthe mobile 3D market more in
AYOLE future.
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MOBILE MARKET TREND
Proliferation of cameras in mobiehistorical

Module size

. | Market size
& cost A . ) "
o == Dual &Triple rear :
e astops MPIOved photography it
zoom and wide angle
shrinkingand afront- lenses 2
20 x 10mm? facingcamera is added Rear
$20 . ) M camera $20B
amera phones: modules
Innovation from 6" 7/
10x10mm?z | Sharp in June 2000 camera camera 5108 Front
$10 PR Varket camera $10B
1st ¢amera | - '\1@ module
camera
5 X 5mm?2 5th
$5 ond mera camera $58
1 x 1mm2 .. a Theo s e | f i e t SeRding Module:
$1 Q 3. front-facing camera size3p front & rear 8 under display FP $1B
mcreases | Yole DevelopipemenC@t. 2019
| | g
2000 2005 2010 2015 2020 2025e 2030e
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MOBILEMARKET TREND
CMOS image sensermarket drivers

Mobile drivers
are sometime

pulling in
different
directions.

Image quality

Leadingsmartphone cameras are

expected todeliver« DSLRIike »

image quality

A Indoor andnighttime conditions

A Highresolutionphotography
and video (4k)

A Highspeed AF and OIS

A Zoom capability

A Slow motion

Thinform -factor andborderless
smartphone makers want to screenshavebecomemandatory
improve the user experience: A Lower F# optics(high CRA)
A Removabf the physicabutton A Multiple camera approaches
A Biometric unlocking (3D A Front-sidecameraconundrum
sensing owunderdisplay
fingerprint cameras)
A Virtual realityinteractions

Beyond the touchscreen,
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MOBILEMARKET TREND
CMOS image sensermarket drivers

Mobile drivers

are sometime
pulling in

Image quality Aesthetics
different

directions. Proliferation of 3D sensing & Edge to edge displays
cameras biometry visible attribute

ot v X
Rear3D \/ \/ \/
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MOBILE 3D CAMERA IMPLEMENTATIONS

/Use—casesand opportunities for the front 3D camera\ /Use-casesand opportunities for the rear 3D camera \

Easy
unlocking

Better
photography

Security

(Facial
recognition)

Augmented
LY

{

Morphing g £

(Augmented ﬁ @
reality)

® faceshifc

A

Gaming

©

[T

ey Market is 3D print Market had a
Vi ? expending good start
_ thanks to with Huawel
Holographic & | Apple
displays Y e
I\Y OLE
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MOBILE APPLICATION) FRONT 3D IMAGING & SENSING
Passwordo facial payment 1/3

Password payment

Qe

Evolution of

payments.

[\
Fingerprint payment

_ _ _ _ Facial recognition payment s

With 3D imaging and sensing, the s A XITE

payment can use facial recognition Y Easy use % Pay

to replace the password and V' Most security

fingerprint V Non-contact

N\YOLE
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MOBILE APPLICATION FRONT 3D IMAGING & SENSING
From animojito morphing 2/3

T N
w M

oy C N YT
k \!?,_/

Whatever
animoj or

morphing, it
relies on
the 3D
Imaging.

o 3
With 3D sensing facial expression is uploaded to the app and
then itself modified using a digital avatar
This has significant implications\dolog video call and video
app, enhance the video effect.

Note The 3D module is used to make the original calibration then the tracking of the face is done through
\ the 2D camera.The 3D module is too power consuming to be used to track the face all the time
nN\YOLE
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MOBILE APPLICATION REAR 3D IMAGING & SENSING

Photography
enhance is a
key

applications
for rear 3D in
the phone.

Body/Face
shaper

Bokeh

Image render

»~ . :
J
) I\
X :\, i
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MOBILE APPLICATION REAR 3D IMAGING & SENSING
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City navigation Object measurement
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3D SENSING AND IMAGING 20192025 MARKET FORECAST (IN $M)

Defense & aerospace
@ Industrial
@® Medical

@® Automotive 20 19

Mobile & consumer

$1,710M
(11%)

$877M
(17%)

‘ ' $3,673M
$1,041M $854M (25%)
(21%) A (17%)
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CAGR 3019.2025 \
+20%
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3D Imaging & Sensing is still a™._
major consumer application. IS
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MOBILE MARKET TREND

3D camera adoption scenario

The original adoption

scenario was coined on 2015-2025 Penetration scenario of 3D cameras in Smartphones (in %)
similar smartphone

hardware adoption curves All 3D Forecast 2019 Front 3D camera
(FP, IMU CombOS) Front 3D 2018 Forecast  eee«- Rear 3D 2018 Forecast

In 2017 Apple started to  100%
attach a front 3D camera o,
3D sensing for face unlock o

adoption In 2019 Huawei switched o
SUUIERRCRULY (|, adoption from the front
rear. to the rear .

Overall the 3D sensing 0%
forecast remains more or
less on track, the ratios rear

and front are totally o
reversed 10%

0%

Rear 3D camera

60%

2015 2016 2017 2018 2019e 2020e 2021e 2022e 2023e 2024e 2025e

\YOLE
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3D IMAGING & SENSING MARKET FORECAST

Mobile front and rear 3D camera market forecast

From OPPO, Vivo, 2015-2025 Mobile front and rear 3D camera market forecast
Huawei and then ($M and M units)
Samsung,Android Front 3D camera  mmmm Rear 3D camera emmsFront 3D camera e=m=sRear 3D camera
makers quickly 4000 o
adopted ToF as its 3D .
rear camera, and the 250
Rear 3D volume and revenue 5000 500
camera is rise increased accordingly. <= Q
rapidly. Yole expect that ToF oo 00 5
will surpass structured E 2000 s
light in the next 12 & 03
1500 >
years. -
1 000
100

500

2015 2016 2017 2018 2019e  2020e 2021e 2022e 2023e  2024e 2025e CAGR
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MARKET & TECHNOLOGY ROADMAP

©
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2024

FRONT

100%

as ——— Volume
rorc——— 238w

100%

as ——— Volume

SL C—T—/T/) 194Au

ToF CI——)

100%

as ———— Volume
'SI'IC;FI:: 136\/|u

100%

ASl:l Volume
ToF :l 93\/Iu

100%

as ———=> Volume
I —
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09:41

Rear3D technology
did start with ToF while
Front 3D technology
will transition toToF

‘ Under display 300F ?

Direct Time of Flight? ‘

‘ QD Structured light

Indirect Time of Flight

Structured Light

3D Imaging Sensing-romenhanced photograp

REAR

100%

as ———— Volume
L C——
TEF;] 466Mu

100%

as c——— Volume
—
ror—= 356

100%

as C——— Volume
SL C———
tre——2 1 /5w

100%

as C——— Volume

7 1w

SL C—
ToF(___ )

3D sensingrolume
reaches0% of mobile
volume

= T
2022

Front 3D would represent
1/6 of mobile volume

Rear3D would represent
1/3 of mobile volume
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2019 CIS NIR & TOF SENSING MARKET SHARE ANALYSIS
Mobile & ConsumeB Semiconductor level

STM and Sony
are sharing the
marketin almost

equal
proportions.

\YOLE
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Market share 2018 Market share 2019

v o OmMsion.

2019e ‘1"

$670M sv

Sony OVT
2% 1%

SONY OmnT\Ss10n.
| sony

Sony
2018 ‘ %
$270M

STM r - '-._I
ST : Infineon
6 Ay Panasonic , W Infineon -

augmented

1% 3%
©Yole Développement — 2019

A STMicroelectronicshasbeenApple'sNIR sensorsuppliersince2017,i  tbigwinner in the structure light market
of mobilephonebuti thigldyrely on it.

A Sonyis supplyinghe ToF sensorto Android-basedsmartphoneand quicklygaineda largemarket sharein 2019
| thigldyinvolvedin Huaweiand Samsungnobile supplychainandthis relation is expectedto continue

A OVT got severaldesigawin from Android comp suchlike OPPO and Huaweifor the structure light,however,
dueto theseplayersare stagnantaterin 2019i tgi@wingslowly
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2019VCSEMARKET SHARE ANALYSIS
All marketsd Semiconducor level

3D sensing is
changing the
ranking in the

VCSEL
market.

\YOLE

14%
w
11-VI
2018 J LUMENTUM
[I-VI (Finisar)
' $480M 21%
FINISAR ' 10% Awis

Market share 201 8 Market share 201 9

other
- 00 L
Lumentum ]:[\]I 13% ur‘gig};um
31% p
7 FINISAR 7/ LUMENTUM

2019e

other

14%

$650M
(Princeton § AMS q m %Eé:ii%:ii
R Optronics) amin 9 (Princeton
16% rump Optronics
TRUMPE g IRUMEF oo, e ) ) p&t@.@ﬂw
l )> PRINCETON. OPTRONICS
. OPTRONICS

©Yole Développement — 2019

A AMS (Princeton Optronics) has been highly involved in Android-based smartphonesand this trend is
expectedto continuein 2020.

A Finisar has been qualified by Apple and should grab some market share from Lumentum with the
manufactureof VCSELUfor the FacelD module Moreover,ll-VI is expectedto be qualifiedby Android-based
smartphonemanufacturerggivingit the opportunity to enter the consumemmarket

A Trumpfis highlyinvolvedin S T Mi ¢ r o e |sepplychaimandttissetation is expectedto continue Some
designwins with Android-basedsmartphonemanufacturersshould completeits activity in the consumer
market
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3D IMAGING AND SENSING SUPPLY CHAINS

Structured Light [k V;:tilé/Diffractiv Receiver/CIS Die

\YOLE

2 A
€L
Apple iPhoneXs, Xr

‘lb.
3 K

Xiaomi Mi8 N\
Released May 2018.

Oppo Find X
Released July 18, 2018.

HUAWEI

Huawei Mate 20 Pro
Released November 2018

S LUMENTUM

amu
TR
amui

FINISAR

TRULY"®

S LUMENTUM

amit &

Q Tech

HHE
s=Hi

S LUMENTUM

amit
il B

K ,I life.augmented

OmMniSsion.

OmMnTSsion.

OmMniSsion.
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3D IMAGING AND SENSING SUPPLY CHAINS

\YOLE

ToF

OPPO £
Oppo R17 Pro
Released Aug 201 S

Vivo NEX Dual Display
Released Dec 2018

@ §
LG G8ThinQ 3
18854

Released April 20

Note 10+ [L - \

Released Aug 2019

SAMSUNG
Y

HUAWEI e
Huawei Mate30 PrEaN
Released Oct 2019

Emitter/VCSEL Receiver/ToF Die

JLUMENTUM

VIAVI

TRUMPF

VIAVI

SUNNY OPTICAL
TECHNOLOGY

SONY

Panasonic Of-ILM

afineon

SONY

@ LG Innotek

SAMSUNG
ELECTRO-MECHANICS

SUNNY QPTICAL
TECHMNOLOGY

SONY
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PIXEL SIZE ROADMAP
Pixels are shrinkingith time

Pixel Size (um) y'\YO'-E

log scale 190
Time of Flight Pixel Hiding large digital
50 part below the
[ sensitive part of the
pixel gives great size
Depending on 2 Global Shutter Pixel sy @ reduction potential
the technology For Stereo and Structured Light
’ 12 | NG e e NN
the potential N R s A Direct ToF arrays
for _piXG| shrink 60 Rolling Shutter Pixel will address lidar first
varies. L . G LU e, S ULLLED e SRR
3.0 NG g i B YR G SPOAE X
1.5 77777777777777 7777777777777777777777777777777777777777 Quantum Dots
' : ‘ Global Shutter could
1umsS ‘ 1.1 um GS enter in size or cost
0.75 | Hm sony Irivisage-%pple ‘ critical applications
* ; ——— ; g
!
2000 2005 2010 2015 2020 2025e Time
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3D IMAGING AND SENSING TECHNOLOGY
Global shutter pixels for consumepplications?

Sensitivity in the near Quantum dot andsimilar organic approaches
infrared spectrum is
key for activeimaging.

. ) r )
The quantum dot &'”V'Sage ' Panasonic

option couldhelp

shrinkcurrent ~ly .
Acquired in AN 1 Ak

approaches NO?/ 017 Range of incident light 30~ 40 l | Pg::m'rsi:n S

Micro Lens— Micro Lens—
Color Filter
60% Metal Light Shield—— Hi Protective Layer
’ Transparent Electrode
940 nm is ideal
- Pixel Electrode
- No red glow e _ v
é" A5%, - Less ambient light N 4 =0 _ VIR R Metal Interconnect -
-
(]
2 me mm T
W o309% | Metal Interconn: L L
g - - Silicon Substrate
= -
c Photoelectric Charge Storage
@ :
3 15% | Conversion &
a _ & Highly-functional
— QuantumFilm Charge Storage Circuits
~ Silicon

0% : : :
700 750 800 850 900 950 1000 1050 1100 Tynical Camera Phone Fivel Piwel using QuantumFiim

Wavelength (nm)

In February 2017 Invisage released  Panasonic has developed a similar
a 1.1um GS sensor technology called OPF
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3D IMAGING AND SENSING TECHNOLOGY

Applenotch halvedor underdisplay ?
PP Py IS7] IS7] SONY
b7y b1 sony  amu foe i Qe
Proximity NIR GS Flood RGB Dot

NIR GS + flood RGB FI)IOt inat quantum proximity ~ AF + OIS illuminator
tiazmlvtlara fumimaior camera Hiuminator dot (QD) +ALS super-resolution VCSEL
oo P ?Mp 2Mp 1um 3Mp-12Mp-27Mp  + MLA

: Hm s e 1.4pm +1,040nm

All players remain, but
silicon content may shrink

3D structured light
approach will shrink down

NYOLE
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MOBILE 3D IMAGING & SENSI¥ MARKET
Wild guess roadmap

e \

| ' 2021e: Rear direcloF introduction (Huawei?)

2020e: Apple is expected to refresh front SL and introduce fieé&r

2019 : Huawei and Samsung introduce e sensor with great success

2018 :Android duplicate front SL but do not sustain the effort

End of 2017 :Apple introduces SL sensor on the front with great success
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YOLEDEVELOPPEMENT

Thispresentations basedon 2 recentlypublished/ole reports

3D Imaging & Sensing 2020 Status of theCISIndustry2019

From Technologies e ‘From Technologi
to Markets

3D Imaging & Status of the
Sens‘mg el CMOS Image

Sensor Industry

Market and Technology
Report 2019
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HOW TO USEOUR DATA?

The Yole Group of CompaniesincludingYole Développement,
SystemPlusConsulting Knowmadeand PISEOare pleasedto
provideyou a glimpseof our accumulated&knowledge

Feelfree to shareour datawith your own network, within your
presentationspressreleasesdedicatedarticles and more. But
before that, contact our Public Relations department to
make sure you get up-to-date, licensed materials .

We will be more than happyto giveyou our latestresultsand
appropriateformatsof our approvedcontent

Your contact: Sandrine Leroy, Dir. Public Relations
Emailleroy@yole.fr
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Empowering Product Creators to

Harness Edge Al and Vision

The Edge Al and Vision Alliance (yww.edge-ai-vision.com) is a

partnership of ~100 leading edge Al and vision technology and rLr J

services suppliers, and solutions providers "

Mission: To inspire and empower engineers to design products that g _.':':'
perceive and understand. Lo s

The Alliance provides low-cost, high-quality technical educational € d ge al + VviIsion
resources for product developers ALLIANTZ CE

Register for updates at www.edge -ai-vision.com

The Alliance enables edge Al and vision technology providers to
grow their businesses through leads, partnerships, and insights

For membership, email us: membership@edge -ai-vision.com
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Join us at the Embedded Vision Summit

May 18-21, 2020° Santa Clara, California

The only industry event focused on enabling product creators
Az [ +20+WzA ~d" 1 CGl +d AC" A ,4+/

A~ 1 y+dzd=+ e y"dqd OF7TJ
AR-7 "I A"dqAGI . y=+"T1=+] "
A - Wonderful speakers and informative exhibits!

Embedded Vision Summit 2020 highlights:
A Inspiring keynotes by leading innovators
A High-quality, practical technical, business and product talks
A Exciting demos of the latest apps and technologies

Visit www.EmbeddedVisionSummit.com  to sign up for updates
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YOLEDEVELOPPEMENJFIELDS OF EXPERTISEWITHIN 3 MAIN DOMAINS

Semiconductor & Software

o Semiconductor Packaging and Substrates
0 Semiconductor Manufacturing
o Memory

o Computing and Software >a\\}‘.

\ \ \\.

N

Yol

yDévetoppemen

Photonics & Sensing

0]

© O OO

Photonics
Lighting
Imaging

Sensing Actuating

Display

N\YOLE

y Développement

2
;|

-

0 RF Devices & Technologie's_, 2y Y
o Compound Semiconductors & Emerging

Materials

o Power Electronics | .
o Batteries & EnergiMlanagement
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4 BUSINESS MODELS

A Market data & research,
marketing analysis
A Technologyanalysis
A Strategyconsultin
9y _ .g _ A Market & technology reports
A Reverseengineeringk costing . N
A _ A Patent investigation and patent
A Patentanalysis infringement risk analysis o Monitors
Design and characterization .
sign- a ) A Teardowns & reverse costing A Monthly and quarterly update
of innovativeoptical systems analvsis _
. . . y A Excel database covering supply,
A Financial services  (due : :
. i A Cost simulationtool demand, andechnology
diligence, M&A with our : ’ o Maedia
partner) www-Micronews.com/reports A Price, market, demand and - _
o production forecasts A i-Micronewscom website and
WWW.yole.Ir application

A Supplier market shares
i-Micronewse-newsletter

Communication & webcast
services

A EventsTechDays f or ums,
www-AMicronews.com

NYOLE
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6 COMPANIES TO SERVE YOUR BUSINESS

______
,,,,,,
- ~
g ~,
’ ~

Yole Group of Companies

AY
AY
\
1
1

N\YOLE

855 SYSTEMPlus ™)
\} Développement HHESNSULTING] Q& KnowMade
Market, technology and strategy Manufacturing costs analysis IP analysis
consulting Teardown and reverse engineering Patent assessment
Cost simulation tools
www.yole.fr www.knowmade.fr

k / www.systemplus.fr

g PISEX h /@< BLUMORPHO\ .

photonics.innovation.services

N\YOLE

\ Finanoce

Design and characterization of

: : : i ' D iligen
innovative optical systems Innovationand business maker ue diligence

www.bmorpho.com www.yole.fr i

www.piseo.fr
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OUR GLOBALACTIVITY

Yole Deutschland

" Frankfurt

@ BLUMORPHO

Paris

i; ;FS'I’STEm Plus

ICONSULTING]

Nant_es ~ Yole Korea
BISEL
Seoul
Vénissieux
_ Yole Japan woopsioe
PARTNERS
Q) KnowMade Tokyo
Nice Greater . Palo Alto
China office
Hsinchu
.~

NYOLE
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SERVING THE ENTIRE SUPPLY CHAIN

<SR SONY Canon Panasonic )
TOYOTA

N DENSO
Integrators, end - crfimgtecor

users and software x :
TOSHIBA
developers [ﬁ,] ?{3\% Leading Innovation »»

MITSUBISHI
AN

N —
© BoscH  (infineon ANMLOG i @ LG
Our analysts ,
provide PTexas o mvenSense OSRAM 9
market N\
anaIyS|S, \ E=T==T S /( u CORNING
technology =2Ek SMI suss Mook [ @ AERRER.
evaluation Vee
= ' ("(’C() ulicke olta,
and business . @mkor K osenson
plans along tSIKC fechneloay AsE GROUP
the entire \ L EVG

supply chain

Z Fraunhofer

m

Daiwa

Securities qu) Inc.

nnnnnnnnnnnnnnnn

Financial investors, R&D centers

TPG
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SERVINGMULTIPLE INDUSTRIAL FIELDS

We work

across
multiples
Industries to
understand
the impact of

More-than
Moore
technologies
from device
to system

N\YOLE

Développement

BIDM?%IEUX Medtronic
————

SORIN
AT THE HIART OF MEDICAL TECHRNOLOG

THALES

BRS O SAGEM

([ ]}
msE ST. JUDE MEDICAL

fohmonsfohmon 4PN TELEDYNE DALSA

Industrial
and defense

TME:C SUNGROIII ABB

We drive industry

@ A @&@A 2
) En ergy TOYOTA MITSUBISHI Uol
Schneider % YASKAWA Py
‘ gElectr\c management @ Q:{D) BOSCH

== ADVANCED
cor swez [l ASHERY

Mobile phone
Transportation and
consumer
7 . makers :
) BOMBARDIER : electronics
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REPORTS, MONITORS AND TRACKS COLLECTION

Over more than 20 years,Yole Développementhasgrown to becomea group of companiesTogether with SystemPlusConsultingand KnowMade we now
provide marketingtechnologyandstrategyconsultingmediaand corporate financeservicesreversecosting structure,processandcost analysiservicesaswell
asintellectualproperty (IP) and patentanalysisTogether,our group of companiess collaboratingever more closelyln 202Q we therefore will offer a collection
of over 125 syndicated reports, 11 monitors and 160 teardowns . Combiningthe respectiveexpertiseand methodologiedrom the three companiespur

productscover
A  MEMS& Sensors A Powerelectronics
A RFdevices& technologies A Compoundsemiconductors
A Medicaltechnologies A Solidstatelighting
A SemiconductoManufacturing A Displays
A Advancedpackaging A Computing& Software
A Memory A Imaging
A Batteriesandenergymanagement A Photonics

Our team of analystsincludingPhD and MBA qualified industry experts from Yole DéveloppementSystemPlusConsultingand KnowMade collect and
analysenformation,identify trends,challengegmergingmarketsand competitiveenvironmentsTheyturn that informationinto resultsandgiveyou a complete
picture of youri n d u sahdscap@s the past20 yearswe haveworked on more than 2,300 projects interactingwith technologyprofessionalsand highlevel
opinionmakersfrom the mainplayersin their industriesandcompletedmore than 5,000 interviews per year.

WHAT TO EXPECT IN 20207

During 2019we introducednew additionsto our omonitor 6 product offering which providescontinualupdateson your industryduringthe yearandwe will be
expandinghis offeringduring202Q In additionto the monitors,we alsodevelopediteardown tracks 6that provide you online visibilityinto the latestconsumer
technologyproduct designsandthe supplierswithin them. In 202Q an automotivetrack will be launchedfurther expandingour researchfocusedon emerging
technologiesOn our traditional report side of our businessthe Yole Group continuesour commitmentto a new collection of reports addressingix key
markets Mobile & Consumer, Automotive & Transportation, Telecom & Infrastructure, Medical, Industrial , and Defense & Aerospace . Discover
our 2020programright now, andensureyou getatrue vision

NYOLE
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OUR 2020 REPORTS COLLECTION (1/4)

STRUCTURE, PROCESS & COST REPORT

MARKET & TECHNOLOGY REPORT A GaN TransistorsComparison2020
A Li-ion Battery Packsfor Automotive and StationaryStorage A siCDiodesComparison2020
Applications2020 A SiCTransistorsComparison2020
A Li-ion Battery Recyclingindustry TechnologyTrends and A GaN-BasedWall ChargerComparison2019
SupplyChainAnalysis2020 = A GaN-on-SiHEMTvs SuperjunctiotMOSFETComparison2019
A Statusof Rechargeablki-ion Battery Industry2019 e PATENT LANDSCAPE REPORT
PATENT LANDSCAPE REPORT A PowerGaN 2019
A SolidStateLi-ion Batteries2020 P71 A PowerSiC MOSFETSBDsandModules2019
A SiliconAnodefor Li-ion Batteries2020 =1
MARKET & TECHNOLOGY REPORT
A Artificial Intelligenceor Surveillanc& Security2020
MARKET AND TECHNOLOGY REPORT A Artificial Intelligencdor AutomotiveincludingP 2020
A GaAsWafer and EpiwaferMarket RF,Photonics,LED and A (x)PU CPU and GPU for High-End DatacenterApplications202Q
PVApplications2020 H o b Cloud GamingandHPC
A InP Wafer and Epiwafer Market 8 Photonic and RF A Artificial IntelligenceComputingfor Consumer2019
Apphcatl.onsZOZO. _ o ke A Image Signal Processor and Vision Processor Market and
A PowerSiC: Materials Devicesand Applications2020 TechnologyTrends2019
A Power GaN : Epitaxy, Devices, Applications, and
TechnologyTrends2020 iEm=
A RF GaN Market Applications, Players, Technology,and MARKET & TECHNOLOGY REPORT
Substrate020 = A Displays& Opticsfor VR,AR & MR 2020
A Statgsof_SOIandInnovativeEngineerecSubstratesPIayers, _ A MicrodisplaysTechnologies Market Trends2020
ApplicationsandTechnologyTrends2020 = A MicroLEDDisplays Market, Industryand TechnologyTrends2020
A EmergingSemiconductorSubstratesMarket & Technology - A MicroLEDDisplays IntellectualProperty Trends2020
Trends2019 B =Y

A Next Generation3D Displays2019
A Next-GenerationHumanMachinenteractionin Displays2019

A Next Generation TV Panels New Technologies,Featuresand
MarketImpact2019

NYOLE
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OUR 2020 REPORTS COLLECTION (2/4)

MARKET AND TECHNOLOGY REPORT

A Ga2D and 3D MachineVision for Industrial Applications
2020

A 3D Sensing Imaging2020 Emeo

A Artificial Intelligencdor Medicallmaging2020 ©

A Statusof the CameraModulelndustry2020 EmeOoX

A Statusof CMOSImageSensorindustry2020 F=171+ 4

A statusof the Medicallmaging2020 (+]

A Thermallmaging2020 =

A Imagindor Automotive 2019

A Cameras for  Microscopy and
Sequencing019

A Neuromorphic Sensingnd Computing2019 =

A X-Ray Detectors for Medical, Industrial and Security
Applications2019 x

Next-Generation

STRUCTURE, PROCESS & COST REPORT

A Automotive CameraModule Comparison2020

A SmartphoneCameraModule Comparison2020(4 volumes)
A Mobile CameraModule Comparison2019

A Mobile CMOSImageSensorComparison2019

A Smartphone8D Sensing VCSELComparison2020

PATENT LANDSCAPE REPORT

A Artificial Intelligenceén MedicalDiagnostic2019

MARKET & TECHNOLOGY REPORT

N\YOLE

Développement

A statusof the SolidStateLightingSourcelndustry2020

A VCSELs Marketand TechnologyTrends2020
A EdgeEmittingLasersMarketand TechnologyTrends2019

A Light Shaping Technologies for Consumer and Automotive
Applications2019

MARKET & TECHNOLOGY REPORT
A EmergindNon VolatileMemory2020

A FrontEndEquipmentandMaterialsfor Memory. Focuson Market
Forecast& Share020

A Memory for Artificial IntelligenceApplications202Q Embedded,
Standaloneé

A Statusof the MemoryIndustry2020

A MRAMTechnologyandBusines2019
STRUCTURE, PROCESS & COST REPORT

A DRAM Memory Comparison2020

A NAND Memory Comparison2020

A LPDDRt Memory Comparison2019

MARKET & TECHNOLOGY REPORT
A 5G Packagingrends2020 RFFEModules& BaseStations
A FanOut PackagingechnologiesindMarket2020
A Statusof the AdvancedPackaginindustry2020
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