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A new era for micro-optics manufacturing : the final frontier …  
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CSEM mission

Development and transfer of world-class (micro-)technologies to the industrial sector

– in Switzerland, as a priority – in order to reinforce its competitive advantage.

• Cooperation agreements with established companies

• Encouraging the creation of start-ups 

https://youexec.com/plus
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Manufacturing by imprint technologies

MicroNano Optics at CSEM

Design & simulation Origination Tooling      

Replication Manufacturing upscaling

https://youexec.com/plus
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Nano- & Micro-optical structures

MicroNano Optics at CSEM

Nano Micro

https://youexec.com/plus


T H E  E U R O P E A N  P I L O T  L I N E  F O R  T H E  M A N U F A C T U R I N G  O F         

F R E E - F O R M  M I C R O - O P T I C S



Free-form micro-optics
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Free-form micro-optics consists of micro-optical components
❑ with no symmetry restrictions

❑ gaining an increasing industrial interests in the last few years



Free-form optics for PICs
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❑Folded interconnects: Current solutions

o Optical connectivity is based principally on collinear solutions

o Folded connectivity is manly done with additional components, such as  
parabolic mirrors, optical benches, lens mirror systems etc. 

❑Folded interconnects: CSEM solution

o Operational for all standard telecom optical fibers (SM & MM, 850-1650nm)

o Integrated micro-optical component

o Light bending⇢ TIR (Total Internal Reflection)

o Fiber coupling⇢ Self-alignment micro-structures

o Wafer-scale compatible



Design & Fabrication

8

• Q-lens:
* r = 600mm
* r = 780mm

• Micro-prism:
* a = 45 deg; h= 80mm

Micro-prism

Q-lens

• Master origination
Q-lens: Wafer scale reflow (spherical only)
Prism: Laser micro-fabrication (FEMTOprint©)

• Mould tool on structured mask

• Lens replication and alignment structures
Single process step



Fabricated folded interconnects
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❑Replication of Micro-prisms
o without smoothened master ⇢ rough surface

o with smoothened master ⇢ good surface / rounded edge

Commercial micro-prism as master benchmark

❑Replications of Q-lens

Nice surface & edges also for the alignment fiber walls



Optical losses & Mode profile

Device SM loss 
[dB] MM loss [dB]

45° Prism 
(replicated from 

commercial mprism) 
0.35 0.42

Q-lens 600 0.42 0.48

Q-lens 780 0.36 0.38

❑ Optical losses below 0.5 dB

Results of Q-lens (r=780 mm)
with MM as input fiber 

at different z-distances in 
comparison to simulations 

❑ The optical mode profile and the angular directivity
are well maintained
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What’s PHABULOmS
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PHABULOmS …
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… is the European one-stop shop for the manufacturing

of free-form micro-optics

… offers

❑ accelerated innovation & production cycles

❑ manufacturing services

❑ prototyping → piloting → large volume production

Modelling

Originatio
n

Tooling

MaterialsUV imprint

Quality
ctrl.

Integration



« Who »
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We are  …



Solid state lighting

Transport lighting

Automotive lighting

AR / VR

Micro-displays

Luxury

Use cases

Technology validation

Integration

« What »
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« How »
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Year 1 Year 2 Year 3 Year 4 Beyond

Pilot line 
set up 

Pilot line 
Management
& Business 

plan

Acceleration / Improvement of 
technologies & processes

Technology validation with use cases

Validation of services with pilot cases & Piloting

Low to full rate pilot production

Creation the pilot line 
legal entity & front 

office
Open calls for pilot cases

Customer outreach

Commercialization & Sustainability

Pilot line 

Set up

Pilot line 

Management 
& 

Sustainability



« Why »
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ORIGINATION
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QC CTRL.

INTEGRATION

CUSTOMER

Without PHABULOU m S With PHABULOU m S



« For whom »
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Automotive 
lighting

Solid state 
lighting

Daylighting 
& PV 

Security & 
Branding

Optical 
elements

Imagers & 
Displays

AR / VR Consumer 
electronics

Wearables



Thank You
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Contact us
Dr. Rolando Ferrini
Rue Jaquet-Droz 1
CH-2002 Neuchâtel
Switzerland

+41 79 950 24 69

rolando.ferrini@csem.ch

www.phabulous.eu
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