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Review on liquid crystal photoalignment technologies
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Abstract; Photoalignment technology is a kind of contactless method of aligning liquid crystal by using
polarized light. It possesses many advantages, e. g. » non-contamination, non-electrostatic charges,
easy to realize multi-domain aligning even in a tiny fine area, and etc. Thus, it has attracted more and
more attentions of the researchers all over the world. The review describes the status of the studies
and the recent achievements in the field of photoalignment of liquid crystals, and it briefly illustrates
the fundamental working principle of photoalignment technique and mechanisms of liquid crystal pho-
toalignment materials. In particular, we concentrate on a recent approach of the photoinduced reorien-
tation of azo-dyes, and some recent applications of photoalignment technology in aspects of (1) curved
and flexible substrates, (2) optical data processing and high spatial resolution optical processing sys-
tem, (3) liquid crystal optical elements with sophisticated geometric patterned alignment, (4) 3D
ORW and ferroelectric liquid crystal displays, (5) optical filter and (6) other photoalignment materi-

als, will be introduced.
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Fig. 1 Reversible homogeneous to homeotropic

transition in LC cell, caused by cis-trans i-

somerization of the azobenzene units, atta-

ched at the glass substrate (‘command
surface’). UV light (A= 365 nm) trans-
forms the azobenzene units to the cis form

(homogeneous LC alignment) , while visi-

ble light (X=440 nm) restores the trans

form configuration. ]
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Fig. 2 Side-chain polymers, used by Shibaev et al.

3, which show the effect of cis-trans isom-
erization in a field of polarized UV light.

The trans isomer, which is parallel to the

UV light polarization vector, is transferred

to the cis isomer and then again to the trans

isomer, which is perpendicular to the initial
one. As a result of this transformation, all
the absorption oscillators of azobenzene side-
chain molecules align perpendicular to the

UV light polarization, "%
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Fig. 6 Absorption spectra of SD1 layer before po-

larized UV exposure (curve 1). Curves 2

and 3 show the polarized absorption spectra

after exposure to polarized UV light in the

direction parallel (D, ) and perpendicular

(D) to the activating light polarization ac-

cordingly'"”
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Fig. 7 Left: operating principle of ORW LC cell.

The azo-dye aligning film rotates its alig-

ning direction in-plane keeping perpendicu-

lar to the polarization of writing light. The

LC follows the top aligning direction switc-

hing between homogeneous and twisted

states. Middle: structure of ORW plastic
displays ( AF: aligning film ). Right:

Curved flexible ORW display. %
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Fig. 8 Crossed
polarizers: (a) angle between polarizer and
tube axis is 45°; (b) angle between polariz-
er and tube axis is 0°. Parallel polarizers:

(¢) angle between polarizer and tube axis is

45°.
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Fig. 9 CMOS polarization image sensor architecture

with integrated LCMP array for full Stokes

polarization imaging. **/
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Fig. 10 TFabrication process flow of the MQWR array"*"
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(a) Principle structure of OTRW LC grat-
ing cell; (b), (c) the optical 1D and 2D

Fig. 11

grating masks; (d), (e) the micrographs
for the LC grating cell. The marker size is
100 pm, H
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Fig. 12 Configuration of the designed LCFZL. One
ITO coated glass substrate has its inner
surface coated with a PI layer, while the
other substrate is coated with an SDI1 lay-
er. White and black regions represent the

TN and PA domains, respectively.
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Configuration and fabrication of FZL. (a)
(b) Schematics of

Fig. 13
Configuration of FZL.
photoalignment. (c¢) Patterned photoalign-
ment process. The zoomed area in the red
dotted circle shows the easy axis distribu-

tion in the two alignment domains. 1°%)
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Fig. 14 (a-c) Examples of the LC patterns with
different topological charges and photos of
the corresponding samples under crossed
polarizers. (d-f) CCD pictures of the in-
tensity beam profiles generated by the QPs
shown in (a-¢) when they are tuned. The
input beam polarization was circularly po-
larized (top) or linearly polarized (mid-
dle). The respective interference patterns
with a plane wave are also shown (bot-

tom), %
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Fig. 15 Patterned QWP with property of ¢ =1,

o, =mn/4 working as (a) radial polarization
converter and (b) azimuthal polarization

converter. %
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Fig. 16 Microscope photos of LC polarization grat-
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Fig. 17 (a) Alignment structure of the polarization
grating. x axis denotes the grating vector
direction; the yellow lines represent the
optical axes’ direction. (b) Beam steering
effect with left and right CP light passing
through the PG. (c¢) Multilayer structure
of the designed photomask with a patterned
PG layer and a QWP layer. (d) An exam-
ple for four-domain structure of the pat-
terned PG. (e) An example for four-do-

main structure for the patterned QWP. %
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Fig. 18 Schematic illustration of DMD based micro-

lithography system, %
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Fig. 19 Schematic diagram and diffraction property
of a director-varying L.C fork grating with
m=1. The color variation from blue to red
indicates the director varying from 0 to =
continuously. The polarization vectors ob-
served along the light propagation direction
are marked with arrows. LCP, left circu-
larly polarized; LP, linearly polarized;
RCP, right circularly polarized. %
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Fig. 20 Autostereoscopic three-dimensional image.
(a) The image of a dragon for the left eye.
(b) The image of a dragon for the right
eye. (¢) The image of a tiger for the left
eye. (d) The image of a tiger for the right

eye. 9%
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Fig. 21 (a) The output polarization azimuth of the

light from the three regions. (b) The po-

larization azimuth of the light from the

three regions after placing a QWP on the
top of the ORWLCD cell.
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Fig. 22 Textures (top: Initial texture after liquid
crystal filling; bottom: Textures of bright
and dark states after positive/negative
treatment) of reverse bistable FLC sam-

ples under polarized microscope. "
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Fig. 23 Continuous tunable DHFLC Lyot filter con-
figuration with passive retarder and DHFLC

retarder sandwiched between two parallel

polarizers, [
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Fig. 24 (a) Exposure setup to achieve spatially vari-
able light intensity on the exposing plane.
(b) The fabricated LC lens structure. ©**
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