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Photonics-based devices are becoming increasingly important. LiDAR sensors are used to protect drivers, passengers, surrounding persons and objects from collisions and paving the way towards autonomous vehicles. Traditional LiDAR systems are made of moving components whose mechanical assembly makes them fragile, expensive and weighty. 
An Optical Phased Array (OPA) LiDAR is a system which enables the beam steering without need for moving parts. The cost and size of the LiDAR can be significantly reduced while its performance (e.g. scanning speed, power efficiency, resolution) is improved thanks to the so-called solid-state beam steering.1 In an OPA manipulation and guiding of light takes place in high refractive index waveguides. A modern approach to produce such waveguides and photonic integrated circuits of an OPA from functional materials is Nanoimprint Lithography (NIL). NIL is a micro- and nanoreplication technology, which achieves very high resolution and allows for unattainable process flexibility. 2–3 By the use of high refractive index materials optical components like metalenses or waveguides and photonic integrated circuits can be directly fabricated in a single fabrication step. 4
In this work we present the direct imprint of waveguide structures in high refractive index materials from INKRON. The master design was done at CEA-LETI and is optimized for the refractive index of the resists. Master and master details can be seen in figure 1. Besides spincoat-able materials, new developments of fully inkjet-able and imprint-able high refractive index materials will be presented. The RI of the materials is in the range of 1.7 to 1.9. Inkjet deposition of the resist is done with an LP50 inkjet printer or Dimatix DMP 2850 lab printer by using a number of different industrial inkjet printheads figure 2. Imprint is performed in a S&R tool at PROFACTOR in order to investigate material compatibility and stamp degradation which are important parameters and information for production processes and cost estimates. 
The combination of digital material deposition by inkjet printing and UV-NIL is a very promising production technology for the future which achieves high quality imprints (figure 3). Inkjet printing enables a significantly higher efficiency in material application compared to spin coating. The one step manufacturing process of waveguides by using NIL and the combination of inkjet and NIL allows for a very sustainable manufacturing process.
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Figure 1 Left: Photonic integrated circuit test structures for the development of an imprint process. 200 mm PIC master was provided by CEA-Leti. Right: Microscope details of waveguide structures on the master.
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Figure 2. Left: Individual inkjet drops with 2.4 pl volume of IPO-912 resist deposited with a Dimatix DMP 2850 lab printer on a 100mm Si wafer demonstrating the good inkjet properties of the n =1.9 ink. Right: Image of TINKER logo printed with IPO-912 ink on a silicon wafer. The color impression was achieved by varying the printing resolution and therefore the layer thickness on the substrate.
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Figure 3. AFM image of imprinted waveguide structures in IPO-912 high refractive index resist. The image shows the high achievable quality.
image1.png




image2.png




image3.jpeg
[7T420 nm





