NIL Mastering using advanced manufacturing imaging technology
Bríd Connolly1 and Dr. Martin Sczyrba 2  
1 Toppan Photomask Company, Germany /   2  Advanced Mask Technology Center
Rähnitzer Allee,9 , 01109 Dresden, Germany
[bookmark: _GoBack]
Recently new optical devices such as AR-/VR-goggles, as well as new ways of realizing optical elements by the use of Metasurfaces, have been introduced. These fast-emerging, and in some cases disruptive, technologies will be required in larger volumes.
A cost-efficient way to enable the manufacturing of such devices is possible by using Nano-Imprint Lithography (NIL). The required patterns are created as a 3D profile on a master which is then used to stamp copies of them on the actual device material or substrate.  
For some of the applications like metalenses, NIL might even be the only way to manufacture them in a timely and cost-effective manner. Therefore, the manufacturing of the NIL master becomes a critical aspect for the future development of such technologies.
One way to provide high quality NIL masters is to apply photomask technology in a photomask manufacturing environment. The master will be made either on a 6-inch square Quartz substrate, or a 200mm Si wafer substrate. For quartz there is already a standard process available as a variety of photomask types are quartz etched. 
In the case of Si master, photomask patterning techniques are also used. 
The patterns on a NIL master for AR-/VR-devices or metalenses have different requirements when compared to a semiconductor type photomask. 
For Example:
-long lines/spaces pattern with arbitrary orientation (not only 0°, 45°, 90°)
-no systematic pattern placement effects in lines/spaces gratings allowed
-non-vertical etch of pattern into the Quartz (slanted, blazed gratings)
-line/space pattern with stepwise or continuously varying etch depth through the grating for vertical and/or slanted profiles
-creation of arbitrary shapes of various orientations to dimensions below 100nm
The realization of these requirements is typically beyond the scope of standard photomask processes. 
In this paper we will show what can be achieved when manufacturing NIL masters taking advantage of industrialized photomask manufacturing capabilities, be it on 6” quartz or on 200mm Si. 
