Optimizing the Residual Layer Uniformity Using Inkjet Printing Technology for AR Applications
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Especially in AR devices, the residual layer thickness and its uniformity across the wafer play a major role to achieve a high efficiency. Also regarding other imprint applications – be it for optical uses, where the imprint remains permanent [1], or for structure transfer, where the imprint defines an etching mask [2], – the amount of material left between the imprinted structures has to have a defined thickness and uniformity. While in conventional optical lithography, photoresist is removed during its development, nanoimprint material is just moved across the wafer within maximum transport distances in the micrometer range. Therefore, the focus is directed to the original quantity of material deposited on each region across the imprint substrate. Spin-coating of diluted resist might help adjust this amount by tuning the dilution and spin-speed parameters. However, it does not allow a precise control over the regional residual layer uniformity since it just yields a good uniformity across the whole wafer disregarding the population density of the imprinted structures, i.e. the locally needed amount of material. As a result, regions with a higher structure density will yield a lower residual layer while in areas with a lower structure density higher residual layer thicknesses will be observed. 

Inkjet printing, a method depositing individual droplets of material onto substrates [3], allows to address the specific local need of imprint resist in every substrate area, boosting the control on the residual layer thickness and its uniformity. By tuning the droplet density (see Figure 1), the extent of the inkjet-printed area, and the surface pre-treatment, the amount and shape of inkjet-printed material can be adjusted to the exact local demand enabling a selective imprint of nanostructures with a defined residual layer thickness and uniformity. For instance, wave guide couplers and gratings with different critical dimensions (CD) and duty cycles as needed in augmented reality (AR) devices, require very small residual layer variation (see Figure 1) and, therefore, a locally tuned amount of material.

Here, we present the imprint of a selected area using a LP50 inkjet printer, the SMILE imprint technology, and soft stamps. Interference imaging and SEM visualize the benefits of inkjet-printed imprint substrates on the residual layer thickness control (see Figure 2) in contrast to conventional spin-coated substrates.
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Figure 1: Optical image of inkjet-printed dies with different film thicknesses achieved by varying droplet densities.
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[bookmark: _GoBack]Figure 2: SEM images showing two different gratings on the same wafer with a residual layer thickness smaller than 35 nm.
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