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REPORT OBJECTIVES

THIS REPORTd3 S P RBIECRYE ISTO PROVIDE A COMPREHENSIVE OVERVIEW OF AUTOMOTIVE
LIGHTING!

This includes deepinsight into various automotive lighting technologies and system approaches, including comparisons
between:

LED/OLED/Laser- DRL/Headlamp/Interior Lighting - AFLS
As well as an industry analysis, technology roadmapsand market metrics.

Additional report objectives:

A Analyse the automotive lighting market anda p p | i ¢ aurrénb stagud and future trends

A Review the automotive lighting i n d u s dtructrd sand future trends

A Discuss the main technologies used for automotive lighting, and associated roadmaps

A Examine the main lighting systems used for automotive applications, and associated roadmaps
A Provide market insights for 2013-2021 for automotive lighting applications
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AUTOMOTIVE INDUSTRY AND SUPPIYUNDERGOING TRANSFORMATION

Environment/Energy Efficiency

Lighter materials, recyclability
* Improved combustion engines
= Electrified powertrain, fuel cells

ns ‘

= Materials
* Structural
S Bealin - improvements »
Shared C P A g = Software
‘ * Car sharing
MObIlItY | e Uber, etc.
Major trends in

» Braking systems
\\ =Hardware N
L

= Airbags
the automotive

industry

Safety

Business
Models

Entertainment
eInformation

* Increased B2B
(mobility fleets)
* Reduced
dealership, direct |
to consumer sales J§

Ty New Players

* Avoid congestion

* Tech companies
* OEM startups (i.e.
Tesla)

Digital/Connectivity
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LED

Main use of LEDs for Lighting Applications

A As LED technologycontinuesto improve and costs graduallydecline,LED lights gain further automotive technologyvalidationfor replacing

traditionaltechnologiedike incandescenhalogenandHID/xenonlamps

A LEDsi nt e g maindiiversafes
Designflexibility (color saturationsize weigh).
Longlifetime
High efficiency/Lowenergyconsumption
Greater potentialfor new functionalities

A Controllability (dimmingetc.).
A Fastresponseenhancedsafety.
A Healthfriendly/ecefriendly
A Regulation

To To To I

A LEDis suitablefor avarietyof automotivelighting
A Interior light
A Footwelllight

A Domelight

A Maplight
A Daytimerunninglight (DRL).
A Rearcombinationlamp (RCL)/backuplight
A Center highmount signallight (CHMSL).
A Front/headlighthighandlow-beamlamps.

N\YOLE
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Interior Lighting

Exterior Lighting

e\ 1012348
Driver Information System (DIS) E F 3
Ambient ’ ﬁ K%‘ )

Backlighting
@» ‘ Map Light PRNDL

Dome Light Instrument Cluster

"

Center Stack Display LED Indicator

Driver

Center High Mount Signal Light (CHMSL) - ()
Turn Signal ; % m
Telltale LED
Backlighting

Headiamp Rear Combination Lamp (RCL)

/Backup Light
Daytime Running Light (DRL)

source: AllegkticroSystems
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OLED
Challenges for OLED integratiotiechnologyaspects

A Automotive requirements for OLED integration can be
categorizedoy degreeof difficultyin reachinghem:

A Accessibletask C Requirementsrelated to lifetime, efficacy, A Highly challengingask C Requirementsrelated to reliability
andluminance andresistancedo harshenvironment

REQUIREMENTS
ACCESSIBLETASKS
Temperature / \
stability is the A OLED to be consistent with

biggest challenge OLED vehicle lifetime (15 years)
to OLED Lifetime A XX
;Tﬁgggggﬁgm A Resistant to operation and
sources suitable storage temperatures:
for automotive A XX
use! A XX A XX
AL A XX
A XX
A XX
A XX
A XX
A XX
AX A XX
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LASER
Technical aspec® Comparison with LEDs

A Luminance> XX cd/mm2canbe achievedvith 0.4mm-diameterlaserspot sizehitting a phosphorconverter plate Up to XXcd/mm?2
hasbeendemonstratedsource Schot).

W\ - .

_ NN
A Laserhasseveraladvantagesver LEDs @\ >
A Smalleroptical system

'gh furninance A Higherluminousintensity on phosphor HL Pro (1 die)

and small spot

size are required Emission Area XX 1mm?2
for well A Butlaserhasstill somechallengeso overcome
collimatedbeams A XX Power AX S.5W
and lighting ' Uit
: : uminous Flux XX 250Im
design witha A XX'_ _ o
high degreef A Eyeinjury hazard(Avoiddirecteyeexposuie Luriiieriee XX XX
freedom.
Efficiency XX XX
Op.Temperature XX 125°C

O Risk level Laser class 4 -

Laser eye injury comparis@nSourcdasersafetyfacts
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ADVANCED FRONT LIGHTING SYSTEMS (AFLS)

Applications Glarefree lighting

Glare free
lighting is the

next step after
adaptive front
lighting

N\YOLE

Développement

A Glarefreelightingalsorepresentsan enhancemenof anautomatichighbeam(AHB) system
A Thefunctioncanbe realizedby installinga speciakheathon the rotating cylinderin the projection module

A Basedon imageprocessindunctionsandintelligentsettingsin the projection module critical areasof oncomingtraffic that mightface
glareare removedfrom highbeamdistribution,but the rest of the highbeamfield remainsintactfor thed r | \canverience

A New technologies,e. matrix LED anddigitalmirror device are beingdevelopedo increaseunctionalitief suchsystems

Increasingcomplexity of the system(light source/module, camera, sensorssoftware, etc.)

—

SYSTEMS Automatic High Beam H XX H XX

Automatic switching between low arfdghbeam
\, - F’ <
LIGHTING [ X
FUNCTIONS
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ADVANCED FRONT LIGHTING SYSTEMS (AFLS)
Development Trends ECU- LED Drivers- Basicconfiguration

The LED driver
IS responsible
to supply a
constant
current to a

string of LEDs.
The level of the
current will
define the color
and brightness
of the LED

N\YOLE
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A A LED driver is required to convert

the battery-voltage source into a
constantcurrent drive for an array of
seriesor series/paralledLEDs

Generally a single stage buckboost
topology is preferred in order to
provide regulation during loaddump
andcold-crankconditions

During load dump,the battery voltage
canrise to 60 V and higherat times,
while during cold-crank it may drop
to 45V

A complete front-lighting system
usuallycomprisesmultiple converters,
eachregulatinga different part of the
system

5V regulator
A XX

Body Control Unit

©2017 | www.yole.fr | Automotive Lighting 2017: Technology, Industry and Market Tre



http://www.yole.fr/
http://www.yole.fr/

ADVANCED FRONT LIGHTING SYSTEMS (AFLS)
Development Trends Overview

A
XX _
Halogen HID Full LED Matrix XX XX XX
(Xenon) LED
. !)Y OLE a @ @
} pOpCt 2017
e
Dynamic bend
Dynamic bend lighting
, Dynamic bend Dynamic bend lighting XX
Dynamic bend lighting lighting XX XX
lighting XX XX XX XX
XX XX XX XX XX
Dynamic bend XX XX XX XX XX
Dynamic bend lighting XX XX XX XX
lighting XX

XX
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ADVANCED FRONT LIGHTING SYSTEMS (AFLS)
Future Trends / Opportunities Picture Beam Overview of Technologies

Different
technologies
are being
developed to

Increase beam
resolution but
still need to
overcome
technical issues

-
<
m_<
)

=

i
2m

=1
S

ppemen

ot

A Picture beamtechnologyallows a very high beam resolution that can be between XX and XX pixels dependingand the light

source/technology

Resolution

Light source

[llustration

MicroLED

Laser

| s __

LED/LCD Laser

A All thesetechnologiesare in developmenbut will needto overcometechnicaissuedo be usedin headlamps

A Thermalmanagement
A XX
A XX
A @)
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ADVANCED FRONT LIGHTING SYSTEMS (AFLS)
Relation Between ADAS and Lighting Technologies

A front camera
was already
used to develop
ADAS systems.

Camera is also
the key sensor
to enable new

applications in

lighting.
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High beam assis

Lighting Bend lighting AFS XX
Functions XX
XX
XX
XX
Traffic Sign XX
Recognition XX
Lane departure XX .
ADAS based warning o
on camera
Steering angle W
Sensors used /
for lighting X LED
. Halogen enon
Light Sources g
<1990 1992 2003 2006 2009 2015 > 2020

Source: Hella + Yole Développement
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NONVISIBLE LIGHTING FOR AUTOMOTIVE APPLICATIONS
Classification b¥unction- Focus onDetection

Functions:

Sub-functions:

Associated

Detection

Photodiode

Photodiode and
data processing

components 1 PIC s
KA Blindspot sensors KA XX \ A XX
A Photointerrupters A Rain sensors A XX
. . A LDW systems A XX
Applications: A XX A XX
Legend MOST APPLICATIONS USE IR LEDS.

A Applications using IR LEDs
A Applications using XX
A Applications using XX

The reason for this is thathese light sources are already well -developed in performance and
supply and are available at a reasonable cost, whereasdiodes and especially XX still need

N\YOLE

\}Dévemppemw 1. Associatesbmponents in the module

technological development and cost reduction
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2016AUTOMOTIVE LIGHTINGMARKETSTATUSAND TRENDS
2016 Revenue Breakdown by Supplier

A In 2016 the top five industry players (i.e. Tier-1s) held
~80% of total automotive lighting revenue Koito (JP),

MagnetiMarelli (IT), Valeo (FR),HELLA(DE),and Stanley 1910 Avtormotive Lightng T wr | Martet Shares

Revenue in
automotive
lighting systems
iIncreased

+XX% in 2016 A XX
volume growth A XX

and
democratization
of LED
technology.

N\YOLE
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(JP)The remainingrevenuewas distributed acrossa very
fragmentedndustrycounting20+ players

To keep this situation, leading players are working on
innovationandthe developmenbf new technologies

A XX

Someemergingplayersd XX , XX ,andXX - havealready
exhibiteda very highgrowth rate (more than +XX%from

2015 - 2016 comparedto the total ma r k averége
+XX%growth).

Others Japanesplayerso Stanleyichikoh- haveexhibited
avery highgrowth more than XX%

NYOLE

|
\ Développement
Oct 2017

Total:
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AUTOMOTIVE FRONT LIGHTING MARKET
HeadlamiBystem PenetrationRatebyTechnology(degree 1- all technologies

A Dueto low costandsufficientperformancefor low andhighbeamhalogershouldremainthe major technologyfor headlamp

A LED technologyhasalreadystarted to replacehalogenbulbsin premium vehiclesand middleend vehicles This trend will continue and LED
technologywill alsobe implementednto low-endvehiclesat longerterm.

A LEDtechnologyhasa penetrationrate of XX%in 2016andis expectedto reachXX%by 2022 with the developmenif advancedechnologies
like matrix or pixel LED

A Penetrationrate of xenon (HID) technologyslowly decreasadueto the growingadoptionof LED but shouldremainstableasthis technologyis a
basicin premiumvehicles

A ForAudi,vehiclesare equippedwith HID headlammsa basicandfull LED or matrix LED headlampare still consideredasan option.

Headlamp System - Penetration Rate by Technology . !\YJB!,'EE
100% } Oct 2017
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
2015 2016 2017 2018 2019 2020 2021
LED
m Xenon
m Halogen
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20160 2022 AUTOMOTIVE LIGHTING MARKEFORCAST
2016vs.2022 Comparison Breakdown by Aplication

® Headlamp PP Ll PO 435 OB

' S N

@ |nterior Lighting e N CAGR +5.7%

® Small Lamps

® CHMSL /

/ \

- A \
In 2016, X% of I J‘
value is interior _———=a | /
lighting and we ~. $25.7B \ !
expect it to \ \ /
reach XX% in \ p
2020. \
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COMPANY PROFILESTANLEY (JP)
Highlights

i=]

Calendar Year Revenue (Local Currency, in Million) : Major Customers / Design Wins :
: L : . .. I-MiEVOutlanderPajero

Total Mits :
Revente ¥401014 ¥ 388,560 3% ubishi Mitsubishi Sport, Triton
Automotive Accord, Fit, S660,

Honda Honda
Lighting XX XX +XX% Stepwagon
2016 Estimated Lighting Revenue Breakdown : Acura Honda RLX, TSX

| RevenueBreakdown SNSRI Mazda  AxelaCx:3,Cxs,

N — XX% Demiol3, Roadster
North America XX% Nissan Renault FugaSylphy
Europe 3% Lexus Toyota NX
ROW 0%

Toyota Toyota Aqua, Rav4
Global Market Share XX%
Employees: Subaru Subaru Impreza XV

_ 2016 Daihatsu Toyota Wake
Total 15,542 Suzuki Suzuki Alto
. R&D Not available
DYOLE
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