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SUSS MICROOPTICS — WE SET THE STANDARDS SUSS MicroOptics

World leading supplier of high-quality Micro-Optics

Refractive and Diffractive optical elements

More than 200 active customers worldwide 2 OYears
We are part of SUSS MicroTec group of Micro-Optics FAB Experience

@

IATF 16949

Automotive Qualified Imprint Production

Microlens Array

8” Wafer Cleanroom Fab MO Exposure Optics

wilfried.noell@suss.com SUSS MicroOptics SA, Switzerland



CORE COMPETENCES IN MICRO-OPTICS SUSS+|V|iCrOOptiCS

Optical Simulation
* Ray Tracing
* Imaging and physical optics
e System Simulation and tolerancing (MC)

Fabrication
* Cleanroom facilities
* Microfabrication for precise features (sub-um to wafer level)
* Imprint technology and classical microoptics fabrication (etching)
* Lens arrays on wafer level
* Wafer-level assembly with um-alignment (Wafer-level optics)
* Polymers qualified for automotive lighting

Measurements, inspection and characterization

* Wafer level (200 mm) nanometric precision

* Characterization by optical and mechanical tools
* Calibration and qualification

* Artificial intelligence concept for high throughput testing (1)
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MLA — CONCEPTS AND POSSIBILITIES

a2 SUSS MicroOptics
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CLASSICAL PROJECTOR SUSS, MicroOptics

Advantages Limitations
Inexpensive Short depth of field
Compatible with injection molding No multichannel mixing
Well established and broad field of applications Limited homogenization
Large size
limited DoF

“centimeters” j )
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MLA — MULTI-CHANNEL OPTICS AND HOMOGENIZING SUSS MicroOptics
+

Hans Christoph Eckstein from Lucid Motors at Lighting Design for Mobility Online 2020 event
https://www.automotive-ig.com/events-autoadvancedlighting-online/agenda-mc

Slides

Efficiency and flux vs. package size [ ... for headlamps ]
SOLUTION: MICRO-OPTICS AND MULTIPLE SOURCES

Micro-optical projectors do not grow in the z-direction

1000Im
2000Im

Low — integration depth (x-direction)
Scalable form factor (design freedom — e.g. ultra slim headlight)
Unique look and appearance

LUCID CONFIDENTIAL
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MLA — MULTI-CHANNEL OPTICS AND HOMOGENIZING SUSS MicroOptics
+

Hans Christoph Eckstein from Lucid Motors at Lighting Design for Mobility Online 2020 event
https://www.automotive-ig.com/events-autoadvancedlighting-online/agenda-mc

Slides

How to make it adaptive? [ ... for headlamps ]

Chip2 on

)

Chip1on

Overlapping virtual Chip Position allows smooth
switching, one Chip per Lens is always on

v

//

3x 3 Chip LED, all individual adressable

granted US patent 15822951 “solid state adaptive headlight”

Dr. Hans-Christoph Eckstein LUCID CONFIDENTIAL
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HOW MICRO-OPTICS CAN HELP MICROLEDS SUSS+|\/|iCr00ptiCS

Array of MicroLED Array
condenser . .
lenslets with integrated
microoptics
Standard =
White LED From “classical” MLA
To MLA-enhanced MicroLEDS =
Array of \
projection
Chromium lenslets Micro-optical Chromium mask
Collimator ~ mask collimator arrays  (optional?)

Wafer-level optics
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MICRO-OPTICS FOR MLAs — SINGLE CHANNEL SUSS MicroOptics

Very small in size

Large depth of field = Microlenses image to infinity

Strong light (beam) homogenization -> Fixing “bad” mixers
Multichannel mixing

Technology based on wafer level optics = compatible with MicroLEDs technology
Polymers are qualified for automotive lighting
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MICRO-OPTICS FOR MLAs — MULTIPLE CHANNELS SUSS MicroOptics

Large depth of field = Microlenses image to infinity

Strong light (beam) homogenization -> Fixing “bad” mixers

Multichannel mixing

Technology based on wafer level optics - compatible with MicroLEDs technology
Polymers are qualified for automotive lighting
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MLA FABRICATION AND CONCEPTS SUSS MicroOptics
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Polished Metal coating Lithography Replication Replication
wafer (Cr, Al ...) imaging lens illumination lens
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Double-sided Lens array

lens array +Cr- layer Wafer stacking Wafer stacking with

Wafer-level optics free-form optics

Examples for
systems

And other combinations of these examples are possible

e SUSS MicroOpti 12
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ADVANTAGES OF MICRO-OPTICS SUSS, MicroOptics

Short and slim i
=  Miniaturization (short focal distance) and multiplication ' i
( ) p 1| & |
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High efficiency t k l I M
= Etendue conservation through multichannel |
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Functionality
= Precise definition of light distribution (contrast, highlights, projections)
* Long depth of field (DoF)

= High homogeneity (illumination, appearance, color mixing, ...)

w

Freedom of design
= Modular construction

= Less weight compared to conventional systems
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= Combination of modular construction, slim design and less weight

Extremely precise

= Combination of illumination and imaging
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= Alignment (< 3 micron) and shape (< 50 nm)
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HIGH EFFICIENCY + FUNCTIONALITY SUSS+|\/|icr00ptiCS

4 . B
Imaging
MLA + Aperture Array ’{ — ‘
Superposition of multichannel aéi \
illumination == =
T e e

Precise and high contrast
Absorption / reflection in metallic
thinfilm layer (Cr, Al ...)

Illumination

Freeform- MLA N
Superposition of multichannel -
illumination m L \
Shaping and steering the beam via l ,
adjusted lens parameters % !‘J”J’
Origination not yet mature M ‘ J ,
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NEW CLEANROOM FAB FOR WAFER-LEVEL OPTICS

SUSS IMPRINT EXCELLENCE CENTER
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Excellence Center

Services for

= Design & Prototyping

= Mastering

= Process Development

= Transfer to HV production

20...-

of Micro-Optics FAB Experience

IATF 16949

Automotive Qualified

wilfried.noell@suss.com

SUSS MicroOptics

800m2 additional clean room surface for
fabrication under construction and ready
for 2021
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SUSS MicroOptics SA
Rouges Terres 61
Hauterive 2068

Switzerland
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