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Headquarters in Austria, with fully owned subsidiaries in the USA, Japan, South Korea, China and Taiwan
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Recent Developments

EVG® GEMINI® FB EVG® 880 DB EVGP® Lithoscale EVG® HERCULES® NIL EVG® 7300
SmartView® NT3 Maskless Exposure Technology SmartNIL® HVM SmartNIL® and WLO
Hybrid Bonding LayerRelease™ Back-end Lithography Nanoimprint Lithography  Nanoimprint Lithography
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Si Photonics | Building Blocks

Key Components

Light source - laser Guide

* Optical source on Si remains challenge > = |nterconnects between photonic devices
hybrid co-integration with IlI-V materials in the circuit > waveguides
= Device to device connection
= External connection

Modulate / Manipulate Detect
= Laser light is modulated by a high-speed = Photodetectors convert incoming light

electrical signal into electrical signals
= Altering characteristics of a light wave in

response to external signal
= Filtering / splitting of signals / polarisation

Optical transceiver
< Receiver
BOR
Modulator 2 Detector
Optical Fiber/'
P | g4 Electrical signal - - ‘. 4 Electrical signal
Electrical 1]o 0 L - Optical signal =
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cw optical signal ow optical signal

Source: Building blocks of silicon photonics, DOI:10.1016/BS.SEMSEM.2019.07.006
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Strip waveguide Rib waveguide

SWG w.vagmje Cmung

Filtering or (de)multiplexing

Ring resonator Arrayed waveguide grating

Bragg grating  Mach Zehnder interferometer (MZI

Power spllttmi

Multimode interferference Directional couplee
| coupler

Polarization control
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Polarization rotator Polarization splitter

Input/Output

Edge coupler

Grating coupler

Modulation

MZI modulator

Ring modulator

Tuning -
g
Thermal heater
Detection

I Photodetector

Source: Scaling capacity of fiber-opti

ystems via silicon




PIC Manufacturing and Packaging |

Source: Proceedings Volume 11286,
Optical Interconnects XX

Source: Intel
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Technology

Structuring and patterning of arbitrary geometrical shapes

High resolution from easy to complex shapes ( e.g. lenses,
gratings, slopes, slants, various orientations, ...)

Repeatable fidelity all over the required area

Scalable from small area to larger area and from low volume to
large volume

Dedicated material properties

Integration

Std. semiconductor chain compliant

Structuring of functional wafers / full area & selective area
Precise alignment accuracy

Residual layer control

Required Know-how
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Nano Imprint Lithography (NIL) | EVG

NIL is a cost-effective and flexible technology to enable nanostructured
surfaces as well microstructures on wafer-level

= Volume-proven replication technology (= imprinting)
= Parallel processing of hundreds or thousands of micro- and nanostructures
= High degree of flexibility on replicable structures an substrates

UV - NIL
SmartNIL® / Lens Molding

|

UV curing

Structured Substrates
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Nano Imprint Lithography (NIL) | EVG

NIL is a cost-effective and flexible technology to enable nanostructured
surfaces as well microstructures on wafer-level

= Volume-proven replication technology (= imprinting)
= Parallel processing of hundreds or thousands of micro- and nanostructures
= High degree of flexibility on replicable structures an substrates

( )
+ Design > Close collaboration with master suppliers

 Material = Strong partnership with material vendors

* Process
@ » Step-and-Repeat Mastering
@@ . SmarNIL®
* Lens Molding / Wafer Level Optics
» Lens Stacking

NIL Photonics Competence Center = Innovation Incubator

% * Equipment = Helping to ramp up
* Tools from R&D to fully automated HVM = Access to available network and ecosystem
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Nano Imprint Lithography |

Diffractive Optical Elements
Holographic Optical Elements

Waveguides

Light Coupling / Optical Gratings
Diffusor Optics

Lenses & Micro Lens Arrays

Arbitrary Structures

Mirror & Deflectors

Anti Reflective Structures

Plasmonic & Photonic Structures

Source: EVG

S :EVG . ; )
ouree Source: University of Shanghai for Science and Technology
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Nano Imprint Lithography | Resolution EVG

Lens Molding / WLO

l | | SmartNIL®
200 Hm SoHm ﬁ

5 um 500 nm 50 nm

Source: EVG — T : : U S RROHIER:

Lenses Pyramidal Structures 3D Anti reflective Photonic Crystal ~ High Resolution Imprinting
[300 pm] [50 pm] Structures [7 pm] [350 nm] [12.5 nm]
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NIL for Silicon Photonics | EVG

Teramounts PhotonicPlug und PhotonicBump: Done by NIL [wput/Output
= Imprint inside a 20um trench (imprint in deep cavities)
= In combination with v-grooves fiber assembly
=  Fiber trenches perfectly aligned to the mirrors

v

156.832

235.248

PhotonicBump imprint on a SiPh
wafer at accurate placement
relative to waveguide channel

PhotonicBump: Beam expansion mirror and

PhotonicPlug fiber connector . .
g deflector/mode-match mirror Mode conversion deflector

Ideally suited for photonics industry, where light-matter interaction relies largely on shape and geometry
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L ¢ Teramount

NIL for Silicon Photonics |

Teramounts PhotonicPlug und PhotonicBump: Done by NIL
- Imprinted complex optical microstructures (e.g. lenses or mirrors) on SiPh wafers
Important

=  Pattern fidelity and repeatable - optical functionality of shape
= Highest alignment accuracy - matching to device wafer

= Residual layer control = thin and uniform

= Material - specific optical properties

gs agt HV ur WD HFW  det mode tilt
TXJ 350 x 2.00 KV 0.40 nA 3.7 mm 1.18 mm ICE SE__ 52.0

WLO for wide-band surface coupling, mode conversion and PhotonicBump — Imprint inside 20um on 8” SiPh wafer
wafer level inspection.
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NIL for Silicon Photonics | EVG

Miniaturization needed to meet integration requirements from roadmap

Possible synergies between LiDAR
and Ilghtmg for ADAS* vehlcles

ighting Systems 2019 report, Yole Développement, 2019)

HIGH SYNERGIES!

< \ Deep
\ First integration in\—/ P
- headlamps I
Separate and/or rear lamps?
development

Front lighting

Front
lighting

Front
lighting N
EVG NIL —
2018 2024 2030
Tools, Process
*Advanced Driver-assistance Systems
Development, Support, ..
\} [I)(Y 91- !.(F ) 2020 | www.yole.fr - www.i-micronews.com
Seeking for new manufacturing Wafer level based,
possibilities, enhanced miniaturizing, cost-effectiveness

functionalities, ..
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NIL for Silicon Photonics |

% 10 pm EHT = 200kV Signal A = SE2 Date: 9 May 2023 f— 200 nm EHT = 200KV Signal A = SE2 Date: 9 May 2023 S
y PREQ S b———— wo=44mm Mag= 1.70KX Aperture Size = 20.00 ym B — WD = 34mm Mag= 40.00K X Aperture Size = 20.00 pm
Waveguides on wafer Waveguide gratings Waveguide structures

= Direct imprinting into high refractive index material ﬂl\ o [L ‘_‘(D
Nozzle ss

= Complex in- and outcouple gratings possible

\ Heator
piezo element

N T
.
e
Ink droplet — Q.)

Inkjet coating =» structuring only dedicated areas on the wafer N

EVAPORATION

Waveguides manufactured by SmartNIL® and inkjet coated high refractive index material
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NILPhotonics® Competence Center |

“All in one cleanroom”
Competence Center at EVG HQ

= R&D and HVM NIL Tools

= S&R Mastering Service

= R&D and Process Development
= Customer Sampling and Demo
= Pilot Line Production

= Supplier Guidance (e.g. Materials,
Masters, Substrates)

=  Metrology Infrastructure

Helping customers to ramp up their ideas!
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Over 1.300 m2
cleanroom area (class
10 -100) and
application labs

Cleanroom space for
rent - quick
turnarounds

High quality
standards, ISO
certified, full
documentary and
reporting
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< NILPhotonics® Competence Center — A smart way to collaborate for success
Establish decisive manufacturing steps in close collaboration with process and equipment experts

Bridging the gap between photonics R&D and volume manufacturing
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Wi Al
Wafer Level Optics & Nanoimprint & Advanced Resist Heterogeneous 3D Integration &
Photonics Packaging  S&R Mastering Processing Integration Hybrid Bonding
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Thank you

Thomas Achleitner
Business Development

Disclaimer

The information contained in this document is provided “as is” and without warranty of any kind, express or implied. Any express or implied warranties including, but not limited to, any implied warranty of merchantability, fitness for a particular purpose, and patent infringement or other violation of any intellectual property
rights are hereby expressly disclaimed.

EVG makes no representation that the use or implementation of the information contained in this document will not infringe or violate any copyright, patent, trademark, trade secret or other right.

In no event shall EVG be liable for any claim, damages or other liability, including any general, special, indirect, incidental, or consequential damages, whether in an action of contract, tort infringement, misappropriation or otherwise, arising from, out of or relating to the use or inability to use the information.

Acceptance and/or any use of the information contained in this document shall be deemed consent to, and acceptance of, this disclaimer.

Confidentiality
Any and all information disclosed during this presentation by EVG is confidential.

Data, design and specifications may not simultaneously apply; or may depend on individual equipment configuration, process conditions and materials and vary accordingly. EVG reserves the right to change data, design and specifications without prior notice.

All logos, company names and acronyms or any combinations thereof, including, but not limited to, EV Group®, EVG® and the Triple i logo, equipment and technology names and acronyms such as GEMINI®, HERCULES®, BONDSCALE®, SmartView®, SmartNIL® and many others, as well as website addresses, are
registered trademarks and/or the property of EV Group. For a complete list of EVG trademarks visit www.EVGroup.com/Imprint

Other product and company names may be trademarks of their respective owners.
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