














Repeatability - Imprint series

Next to the pattern fidelity from the original master to the final imprint, special focus is given to the repeatability over the final imprint
(series) itself. To demonstrate this, 25 NIL replications using the EVG UV-A resin were executed. To prove the imprint-to-imprint quality,
the height of the patterns of all 25 wafers has been measured and plotted in Figure 7.
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Figure 7: Structure height over 25 imprints (imprint series)

Despite a minor variation of a few nanometers, no systematic degradation of structure height is observed - underlining again the
excellent repeatability, stability and quality along the whole process chain.

Images from design through S&R master to multiple imprint wafers

To demonstrate the results, SEM images are taken: from initial design, from the master and from the imprint.
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How to access these capabilities

The figure 8 below shows, how to access these capabilities and how Toppan and EVG give the opportunity to implement new
innovations and how to ramp up new ideas using the described technologies - resulting in customer tailored solutions.
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Figure 8: Schematic of “How to access these capabilities?”

The innovator has access to the Process Design Kit (PDK) from Toppan to design a new product. The design is then transferred to
Toppan, using an established data path. An automated data handling process is then deployed to the lithography system to generate
the production grade master. The master is manufactured using semiconductor standards to ensure optimally controlled repeatable
process. These processes are well controlled, proven to be stable, suitable, and with low defect level, complying to semiconductor
industry standards.

The master will then be used at the EVG NILPhotonics® Competence Center to commence the process optimization of the product
for high volume manufacturing (HVM). The NILPhotonics Competence Center is a 1.300 m? cleanroom area at EVG headquarter
where EVG helps customers to ramp up their ideas by providing NIL process development, S&R mastering service, as well process
optimization and prototyping up to and including ‘pilot line' production phase. After that, the process and dedicated NIL equipment are
transferred to the customers. This ensures the highest level of IP protection for every aspect of development. The competence center
covers everything that is needed for NIL: equipment, dedicated metrology, materials and access to technical expertise incorporating
the complete NIL supply chain, including Toppan masters. This open access innovation incubator helps customers to shorten
development cycles and time to market for innovative photonic devices and applications.

Summary and Conclusion

Together Toppan and EVG have shown that it is possible to set up a high-volume manufacturing line using precision masters and
subsequent nanoimprint lithography for S&R mastering, as well as for wafer-level production. All process steps from a single die
master to the final imprints are well controlled and provide high pattern fidelity. This enables to scale the manufacturing of complex
devices such as metalenses to mass manufacturing.

This collaboration and the associated synergy of both technologies intend to further fuel the adoption of NIL as a mainstream HVM
technology for the photonics industry, especially to showcase the readiness of equipment and processes to serve the demands to
manufacture sophisticated metalenses and other complex optical structures.
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