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THE CHALLENGES OF TODAY... Salbie

INCREASING DEMAND

1.5bn smart phones built per year,
increasing demand for integrated
photonics.

Tablets, drones, robots, security
systems, automotive LIDAR, etc.
all using same technology.

CONNECTIVITY

loT (internet of things) will
multiply demand for photonic
sensors.

5G technology on the rise with
even more connected devices.
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POTENTIAL SOLUTIONS FOR OPTICAL ELEMENTS

MOLDING

Thermoplastic injection molding of
lenses versus incumbent epoxy
resin or versus glass

Lens diameter can be
e.g. Imm down to ~100um
Source: SOPROD SA

OUTPUT

Clean room production, high volume =
output, design freedom for optical 1 _
geometries Y 4

OVERMOLD

Lens overmolded with housing

HIGH PRECISION MASS PRODUCTION WITH MILLIONS OF UNITS PER DAY OR PER WEEK

Source: Soprod SA
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PORTFOLIO OF THERMOPLASTIC RESINS sabia

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

Transmission

FLASH LEN
s

Cold reflow and heat ageing

High flow for complex tooling o
Low color after high T processing BPA-PC Visible & IR
(LEXAN) Transparent
[400-1600 nm]

AUTO CAMERA LENS

Low color shift after high T ageing

High VIS and IR transmission Infrarc
High refractive index Transparent
[800-1600 nm]

SENSOR LENS
Led free reflow soldering

140 160 180 200 220 240 260 280
Temperature [°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)
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SABIC TEST METHOD FOR REFLOW sabia

SABIC Test Method for dimensional stability at JEDEC conditions
* 12 lenses sample (4.8 x5x 0.3 mm)
* 1 mm flat optical plagues (37.5 x50 x 1.0 mm)

* Partdimensions, distance between lenses,
and lens diameter before and after reflow 300

= — 260°C
Optical characteristics 250 0.8°C/sec / \
*  %T measured with UV-VIS-NIR* .
/

* Rimeasured at 850 nm, 1310, 1550 nm
/\ — D60°C peak temp. (10 sec at 255~260°C

150

Temperature (°C)

50

0 100 200 300 400 500

Time (sec)

* 60 mm integrated sphere for EXTEM data 6
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DESIGN FREEDOM: THERMOPLASTIC EXTEM™ RESIN VS EPOXY

TYPICAL EPOXY PROCESS
I <—

Substrate (glass) required
I
I

Optics sometimes require stacking

Dicing process required,
precise positioning of lens difficult

Epoxy range: Ri ~1.50 ~ 1.57

> Higher Ri helps to design a thinner lens without a substrate layer...

INJECTION MOLDED LENSES

Design freedom: Convex and
concave design

IR transparent black available:
* filter environmental light
* improve accuracy
» aesthetics (invisible lens)

No dicing!

EXTEM™ XH1015 resin:
Ri ~1.63 (950nm)

BENEFIT

EXTEM resin lens can be
overmolded

EXTEM resin offers the
possibility to micro mold
surface structures for Diffractive
Optical Elements (DOE) or even
a combination of both refractive
as well as diffractive elements.

Source:
SOPROD SA
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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®, the industry-standard in software for designing optical systems

SOFTWARE FOR ANALYSIS, SIMULATION AND OPTIMIZATION OF THEIR OPTICAL COMPONENTS AND
SYSTEMS
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WHY CHOOSE SABIC AS YOUR PARTNER?

SABIC IS A GLOBAL
LEADER
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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.
© 2018 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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