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AUTOMOTIVE LIGHTING AS STYLING ELEMENT

PERFORMANCE CONSIDERATIONS:
« High heat

* Optical performance

*  Weight savings; reduced mass

* Enhanced flow

» Differentiated, paint-free styling options
* No outgassing, low moisture uptake
« Surface appearance

* Dimensional stability

* Defuse reflectivity

* Chemical resistance

POTENTIAL APPLICATIONS:
Headlight lenses, bezels, reflectors, inner lenses, housings, thin-wall lenses and light pipes

» Signal-lighting lenses, housings, bezels and reflectors

* LED inner lenses, outer lenses, bezels, housings, white reflectors, defuse lenses, heat sinks
and plastic aspheric lenses, frames or carriers

* Foglight housings, reflectors, and high-heat lenses

* Projector lens holders, reflectors, plastic aspheric lenses, and shutters

* RCL lighting housings, bezels, inner lenses, rear lenses and light pipes
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THERMOPLASTIC RESINS USED IN AUTOMOTIVE LIGHTING |

Rear lamps PMMA

Sometimes coated for
scratch resistance and
weathering

Headlamps
LEXAN™ resin PC
Impact resistance
Lacquer coating

Side indicator
LEXAN™

PC or PMMA
Foglamps/ DRL

LEXAN™ resin PC
Impact resistance
Lacquer coating



Classification: General Business Use

AUTOMOTIVE LIGHTING APPROVALS
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TYPE APPROVAL NUMBERS ON THE HEADLAMP

National and international design and operating
regulations apply for the manufacture and testing of
vehicle lighting equipment. Special approval marks
exist for headlamps and can be found on the cover
lens or on the housing.
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THERMOPLASTIC RESINS USED IN AUTOMOTIVE LIGHTING

Information on UVHC3000, UVHC3000CC, UVHC3000LS, UVHC3000K -
MOMENTIVE 40, UVHC3000K1-50, and UVHC3000KZ60 hard coat may be obtained by

! M EC ! . Jnverting peasibiliies  WIiting to the following address:

Momentive Performance Materials GmbH  Momentive Performance Materials Inc.

Building V7 260 Hudson River Road
51368 Lverkusen Waterford, NY 12118
Germany www.momentive.com

TRADE NAME AND

MER. FLOW FORMULATION TYPE OF RESIN NUMBER  COLOR

Sabic LEXAN® LS-1 Polycarbonate 1M White #!

USA LEXAN® LS-1A 11C White #1

LEXAN® LS-2 111H White #1

List of Acceptable Plastics for LEXAN® LS-2A 111M White #!

i www sabic-i - ite #1
Optical Lenses and Reflex Reflectors kigoon  EERANCLS:S L Whik

Used on Motor Vehicles
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PORTFOLIO OF THERMOPLASTIC RESINS sdbia

SABIC offers a wide range of solutions for applications that use soldering for mounting of parts and modules
onto PCB’s. Crystal clear LEXAN™ CXT resins for low temperature soldering, and IR transparent ULTEM™ and
EXTEM™resins for more demanding solder processes, incl. lead-free-reflow-soldering

Visible & IR
Transparent BPA-PC
[400-1600 nm] (LEXAN)

Infrared
Transparent
W [800-1600 nm]

100 120 140 160 180 200 220 240 260 280
Temperature [°C]

REFLOW

PMMA limitation:
Heat & Brittleness

Transmission
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SPECTRAL TRANSMISSION
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High transmission in the Infrared transmission region
Anti reflective Coatings can be used to even increase transmission
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XTEM™ XH1015 (Tg 267 C)
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FUTURE NEEDS - WHY CHOOSE EXTEMT™ RESIN? sahic

Value Propositions of EXTEM™ resin, a thermoplastic polyimide:

* Low and stable coefficient of thermal expansion from -20°C to 250°C results in accurate laser function
* High Tg (glass transition temperature) to potentially allow lead-free-reflow-soldering (JEDEC level 3)
* |Rtransparency

* High Ri (refractive index), 1.64

300

o 0.8°C/sec =7 —
Potential benefits when using EXTEM™ resin .

*  Productivity improvement through injection molding

* Low CTE causes less stress in soldering process

+  Overmolding capability, ability to mold lens and
housing in two shots on same machine/tool 50

* Design freedom supporting miniaturization of
lens geometries, no stacking

150

— 260°C peak temp. (10 sec at 255~260°C

Temperature (°C)

100

0 100 200 300 400 500

* Recyclability Time (sec)




Classification: General Business Use

NANOSTRUCTURATION - MICROMOLDER SOPROD

* Principle of replication in mass-production on polymers surfaces

o . Replication by
Replication by Electroplating - Injection molding of polymers
of Nickel mould inserts “W in Mass-Production

Creating optical structures on the wafer
by different pools of technologies

Courtesy of Mimotec

Courtesy of Sigatec

Source: www.SOPROD.com SOPROD company presentation 2018

10



NANOSTRUCTURATION - MICROMOLDER SOPROD

=W T

* Technologies available for Lighting and Optical Sensors Packaging

Micro-lenses

- Various geometries of Lenses possible @ > 900um
Ultrasonic diamond machining of inserts — Mass Production achieved

- Spherical Micro-Lens Arrays
Ink-jet Printing of Photoresist — Validation of the Process ongoing e

- Various geometries possible of Micro-Lens Arrays
Thermal Reflow + DRIE — Validation of the Process ongoing

Diffractive structures

- Diffractive Pattern 2 2um
Deep Reactive-lon Etching (DRIE) — Process Validated —

-Diffractive Pattern 2 30nm — multi-levels possible
E-Beam + DRIE — Validation of the Process ongoing .

All Combinations are possible -
Top — Bottom Side

Source: www.SOPROD.com SOPROD company presentation 2018

i
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FOR YOUR CONVENIENCE: OPTICAL AND ENGINEERING DATA AVAILABLE

EXTEM™ resin, and other applicable SABIC materials, are added to the materials database of the
Zemax OpticStudio® and SYNOPSYS® Code V, the industry-standard in software for designing optical systems

SOFTWARE FOR ANALYSIS, SIMULATION AND OPTIMIZATION OF THEIR OPTICAL COMPONENTS AND SYSTEMS

12
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WHY CHOOSE SABIC AS YOUR PARTNER?

SABIC IS A GLOBAL
LEADER

13
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SABIC AT-A-GLANCE
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1976 34,000

Company Employees
established around the world

86 4.9
US$ bn US$ bn

Total Net
assets income

5

50

Countries
of operations

39.9
US$ bn

Annual
revenue

3rd

Largest global

chemical company*

KQ\

=]
~ 150

New products
each year

120t

Largest public
company in the world*

&

11,534

Global patent
filings

3.7
US$ bn

Estimated
Brand Value**

ol

64

World-class
plants worldwide

*Forbes 2018 **Brand Finance, 2018
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DISCLAIMER sadbia

DISCLAIMER: THE MATERIALS, PRODUCTS AND SERVICES OF SABIC OR ITS SUBSIDIARIES OR AFFILIATES (“SELLER”) ARE SOLD SUBJECT TO SELLER’S
STANDARD CONDITIONS OF SALE, WHICH ARE AVAILABLE UPON REQUEST. INFORMATION AND RECOMMENDATIONS CONTAINED IN THIS
DOCUMENT ARE GIVEN IN GOOD FAITH. HOWEVER, SELLER MAKES NO EXPRESS OR IMPLIED REPRESENTATION, WARRANTY OR GUARANTEE (i) THAT
ANY RESULTS DESCRIBED IN THIS DOCUMENT WILL BE OBTAINED UNDER END-USE CONDITIONS, OR (ii) AS TO THE EFFECTIVENESS OR SAFETY OF
ANY DESIGN OR APPLICATION INCORPORATING SELLER’S MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS. UNLESS OTHERWISE
PROVIDED IN SELLER’S STANDARD CONDITIONS OF SALE, SELLER SHALL NOT BE RESPONSIBLE FOR ANY LOSS RESULTING FROM ANY USE OF ITS
MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS DESCRIBED IN THIS DOCUMENT. Each useris responsible for making its own
determination as to the suitability of Seller’s materials, products, services or recommendations for the user’s particular use through appropriate end-
use and other testing and analysis. Nothingin any document or oral statement shall be deemed to alter or waive any provision of Seller’s Standard
Conditions of Sale or this Disclaimer, unless it is specifically agreed to in a writing signed by Seller. Statements by Seller concerning a possible use of
any material, product, service or design do not, are not intended to, and should not be construed to grant any license under any patent or other
intellectual property right of Seller or as a recommendation for the use of any material, product, service or design in a manner that infringes any
patent or other intellectual property right.

SABIC and brands marked with ™ are trademarks of SABIC or its subsidiaries or affiliates, unless otherwise noted.
© 2019 SABIC. All Rights Reserved.

Any brands, products or services of other companies referenced in this document are the trademarks, service marks and/or trade names of their
respective holders.

Copyright SABIC 2019
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