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Multi-layer patterned liquid crystal polymer thin films
for spatially modulating light propagation directions
and polarizations
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Abstract . In this article, an advanced optical thin film structure for spatially modulating light propaga-
tion directions and polarizations is introduced. The optical structure is composed of multi-layer pat-
terned birefringence thin films, of which each thin film is formed by a liquid crystal (LLC) polymer
layer with spatially varying optical axes controlled by a patterned photoalignment layer. The optical
modulator has two functional layers, where the first layer is designed as patterned polarization grating
with spatially varying grating vectors to spatially steer light propagation directions, and the second
layer is a patterned retardation film for controlling the output light polarizations. The overall thickness

of the multi-layer films, excluding the substrate, can be less than 1 pm, which offers the flexibility to
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generate high resolution light wavefront structure. As a result, the optical thin film can be ideally
working as a photomask for exposure on a LLC photoalignment layer to generate multi-domain align-
ment structures, which can be applied for the manufacturing and designing of modern liquid crystal
display. To verify the effectiveness of the proposed photomask, a periodic two-domain thin film struc-
ture has been designed and fabricated and a liquid crystal cell with two-domain alignment structure has
been successfully fabricated in a single exposure with the photomask. The proposed optical thin film
has unique functions in modulating light propagating directions and polarizations, which has great po-
tential to find applications on micro-fabrication, 3D display, optical communication, optical
computing and optical switching, etc.
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Fig.1 Structure and property of PG. (a) PG align-
ment structure; (b) PB phase profile for

CPL; (¢) PG property for left and right CPL
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Fig.2 (a) Multilayer structure of the designed pho-

tomask with a pattered PG layer and a QWP
layer; (b) An example of four-domain struc-
ture of the patterned PG (the yellow line re-
present the optical axis directions and the
black arrows denote the grating vector direc-

tions)
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Fig.3 (a) Preparing the two-domain patterned PG

alignment structure in a two-step exposure;
(b) The schematic of the alignment structure
prepared by the process shown in (a); (c)the
photo of the prepared patterned PG; (d, e)
the microscopic photo of the patterned PG
under cross polarizers in different magnifica-

tion.
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(d) Micrograph of the obliquely observed L.C

cell under crossed polarizers
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