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The Project 
FABulous will develop an industrial 

surface ‘coating’ technology that 

exploits breakthroughs in multipho-

ton lithography and process model-

ling to manufacture high resolution 

3D metasurfaces at a throughput 

viable for series production. 

These metasurfaces will be capable 

of manipulating light with unprece-

dented flexibility and will open the 

possibility of designing and manu-

facturing smaller, lighter, and more 

environmentally friendly products, 

through the replacement of bulky 

components and/or the chemical 

coatings currently used to enhance 

the efficiency and performance of 

optical products.  

    Advancing Towards our Final Demonstrations  

The FABulous team recently achieved a significant milestone on 

the pathway to the final project demonstrations, the                               

operationalisation of  methods for the handling, measurement, and 

coating of non-planar substrates using the FABulous multi-photon 

lithography (MPL) techniques. 

A comprehensive set of protocols have now been established for        

printing on curved, cylindrical, and flexible substrates. These                

protocols cover all of the critical steps, including resin coating,       

sample holding, and substrate handling, and have been optimised 

for deployment on existing and adapted two-photon polymerisation 

(2PP) printers available across the consortium. 

Multiple strategies for coating and drying high aspect ratio meta-

atoms were evaluated. Dispensing liquid resin followed by dip-in 

lithography was identified as the preferred resist application              

method, offering precise material placement, improved  efficiency, 

and high optical resolution. For the drying step, critical point drying 

delivered the best performance, enabling reliable fabrication of 

structures up to 2 µm in height while significantly reducing pattern 

collapse compared to conventional solvent or freeze-drying                  

approaches. 

Over the coming year, these 

procedures will be applied in 

the demonstration of FABulous 

manufacturing techniques for 

the fabrication of solar cells, 

automotive camera lenses, and 

light pipes with integrated 

metasurfaces. 
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   Enabling Real-Time Topography Measurement  

A key milestone was the development of a differentiable TPP process model, which opens the door to                

advanced simulation and optimisation techniques such as Inverse Lithography Technology. Close                     

collaboration between experts in design, process modelling, and experimental fabrication proved essential, 

allowing the team to refine metasurface layouts, optimise fabrication parameters, and address critical                   

challenges including proximity effects and structural stability. 

The co-design approach underpinning DTCO has led to development of manufacturable and resilient 

metasurface concepts. Experimental work by project partners played a crucial role by providing calibration 

and validation data, ensuring the accuracy and reliability of the developed models. 

The effectiveness of the DTCO methodology has been demonstrated through several application examples, 

including beam-steering metasurfaces, anti-glare surfaces, and cross-pattern designs. Compared with              

traditional design approaches, DTCO delivers clear advantages in both manufacturability and performance 

optimisation. Laying a strong foundation for future DTCO developments and their broader adoption within the 

photonics industry. 

    New Metasurface Design Methodologies 

Another recent innovation delivered by FABulous has significantly improved 

the way surface topography is measured during the printing of                            

micro-structures on non-flat surfaces. Previously, this process relied on slow, 

static autofocus methods. These have now been replaced by an advanced 

interface detection system that continuously tracks the surface during                 

fabrication. This enables real-time adjustments while printing, even on moving 

or changing substrates. 

The key technological advance was the introduction of a new measurement                    

approach that allows the system to track surface changes without interrupting 

the printing process. This makes it possible to maintain accurate alignment at 

all times, improving both speed and precision during fabrication. 

To support this improvement, the optical paths used for printing and for                  

surface detection were separated. This ensured that the sensitive detection 

signal was not affected by the high power of the printing laser and allowed 

each optical path to be optimized independently. As a result, the system 

achieved much higher detection sensitivity.  

FABulous has now successfully completed its 

work to integrate process and material              

models with advanced metasurface and           

optical component design methods,                  

highlighting the value of Design (Process) 

Technology Co-optimisation (DTCO) for            

two-photon polymerisation (TPP) fabrication. 

This approach has enabled closer alignment 

between design intent and manufacturing 

outputs, resulting in robust and high-

performance metasurfaces. 



Remember you can also follow the FABulous social media channels for more information about the project and 

where you can interact with the team over the next few months.  

    Save the Date: FABulous Final Workshop   

Save the date! Join us during AIMEN Laser Week for the final FABulous workshop to explore how FABulous 

innovations are shaping the next generation of metasurface technologies, and how industry can take them 

forward. 

We are currently planning for the workshop. This focused, industry-driven event will showcase the real-world 

applications of the cutting-edge research conducted in FABulous. This flagship workshop will showcase the 

advanced fabrication techniques developed by FABulous, highlighting how laser-based processes can                 

enable scalable, high-precision manufacturing of metasurfaces within real-world products. 

Tailored for industrial stakeholders, the session will demonstrate how these fabrication approaches              

translate from the lab to production, with applications in photonics, sensing, and advanced optical                          

components. Attendees will gain practical insight into process capabilities, performance advantages, and                   

future opportunities for collaboration. 

If you would be interested in participating in this workshop you can register here: AIMEN LASER 2026.  
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    FABulous at Nanoscribe   

This month, the FABulous consortium 

met at Nanoscribe in Germany to                 

advance plans for demonstrating its 2PP 

manufacturing technology. The meeting 

enabled partners to review technical 

progress, align integration pathways, 

and finalise demonstration activities. 

Discussions focused on the readiness of 

the FABulous platform, combining high-

resolution fabrication with scalable               

production. The meeting reinforced 

strong collaboration and set a clear path 

towards final demonstration of the             

project’s next-generation manufacturing 

solutions. 

https://jornadalaser.aimen.es/en/inscripciones

