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Imprint lithography is an effective and well-known technique for replication of nano-scale features.  Nanoimprint lithography (NIL) manufacturing equipment utilizes a patterning technology that involves the field-by-field deposition and exposure of a low viscosity resist deposited by jetting technology onto the substrate. The patterned mask is lowered into the fluid which then quickly flows into the relief patterns in the mask by capillary action. Following this filling step, the resist is crosslinked under UV radiation, and then the mask is removed, leaving a patterned resist on the substrate. The technology faithfully reproduces patterns with a higher resolution and greater uniformity compared to those produced by photolithography equipment. Additionally, as this technology does not require an array of wide-diameter lenses and the expensive light sources necessary for advanced photolithography equipment, NIL equipment achieves a simpler, more compact design, allowing for multiple units to be clustered together for increased productivity. 
In this paper, we touch on the markets that can be addressed with NIL and also describe the efforts to further improve NIL performance. We specifically focus on performance improvements related to overlay, edge placement error and defectivity. For overlay, we present results on stability and also discuss new methods to further address high order distortion. For edge placement error (EPE), we discuss progress made towards addressing EPE budgets for memory devices. For defectivity, we review random defect generation, particle adders and mask inspection methods. 
We also describe the ecosystem necessary to support NIL in production so that the  technology can be applied in a seamless manner in. Specific elements include data handling and simulation engines designed to optimize the NIL process and shorten development time. As an example, Canon’s Lithography Plus software is designed to optimize NIL performance through automated data collection and analysis. Virtual metrology methods have recently been developed as a means of improving NIL recipes and shortening the time for process optimization (See Figure 1.).
A second software package under development is a NIL process simulator. Similar to photolithography systems, there are many process parameters to be optimized to achieve greater throughput and better quality of the imprinted patterns. Key physical influencers include the elastic deformation of template, the rheological behavior and polymerization of the imprint resist under UV exposure, and so on. Canon’s simulation software directly inputs the process parameters, simulates the whole imprinting process, and evaluates the quality of the resulting resist film. To overcome the scale differences, the simulator utilizes analytically integrated expressions which reduce the dimensions of the calculation region. Examples and use cases will be described in this work. Figure 2 shows one example, in which drop recipes are created and then applied in the simulator to predict resist fill time. Note the good agreement between simulation (red bars) and actual experimental results (blue bars).
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Figure 1. Canon’s Lithography Plus software engine. Elements include data handling and simulation engines designed to optimize the NIL process and shorten development time. In this example, virtual metrology methods have recently been developed as a means of improving NIL recipes and shortening the time for process optimization.
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Figure 2. A NIL process simulator has been developed to help optimize the lithographic process and reduce development times. In this example, drop recipes are created and then applied in the simulator to predict resist fill time. Note the good agreement between simulation (red bars) and actual experimental results (blue bars).
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