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Emerging applications of liquid crystal (LC) materials such as Pancharatnam
lens, programmable origami and directed colloidal assembly rely on well
designed and spatially non-uniform molecular orientations. To align LC
molecules in these desired complex orientation patterns, a few techniques have
recently been developed, including rubbing polymer films using AFM tips' and
pixel-by-pixel direct Writingz. These techniques are based on serial patterning
processes and thus are suitable for fast device prototyping, but face limitations in
scaling up manufacturing.

Here, we present a new photopatterning technique for aligning LC molecules in
arbitrarily complex orientation patterns by using carefully engineered plasmonic
metamasks (PMMs). The PMMs are made of two dimensional rectangular nano-
holes in thin Aluminum films, and when illuminated by non-polarized white
light, generate spatially non-uniform polarization patterns. By projecting these
polarization patterns onto the photoalignment materials coated inside LC cells,
the orientation patterns encoded in the nanohole orientation are transferred into
the photoalignment layer and then imposed in the bulk liquid crystals. Fig. 1
presents a representative PMM for arrays of +1/-1 topological defects, and its
measured polarization directions, and optical microscopic images of the
patterned liquid crystals and the measured molecular director field. We
demonstrate that arbitrarily LC molecular orientations such as combinations of
topological defects (Figure 2) can be patterned with high resolution and high
throughput.® This technique makes the patterning of LC molecular orientations a
repeatable and scalable process for large scale manufacturing.
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Figure 1 Plasmonic photopatterning of +1/-1 defect arrays. a) SEM image of the PMM. b)
Measured polarization pattern of the PMM. c) Cross-polarized microscope image of a LC cell
patterned with the PMM. d) Measured molecular orientation. The scale bars in a-d are 3um, 2pm,
25um, and 10um, respectively.

Figure 2 Examples of patterned combinations of topological defects. Cross-polarized optical
microscopic images of a) cluster of 4 defects, b) cluster of 5 defects, c¢) 2D arrays of +0.5/-0.5
defects, d) 2D arrays of +2/-2 defects. The scale bars in a-d are 50pm, 50pum, 15um, and SOum,
respectively.



