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Photoalignment enabled liquid crystal microstructures
for optics and photonics

CAO Hui-min', WU Sai-bo', WANG Jing-ge*, HU Wei'"

(1. College of Engineering and Applied Sciences, Nanjing University, Nanjing 210093, China ;
2. Heze Vocational College, Heze 274000, China)

Abstract: Liquid crystal (LC) is a kind of functional soft matter featured by self-assembly and stimuli
responsiveness. It is widely known as a fundamental material for current mainstream information dis-
play industry. With the development and innovation of L.C theory and technology, understanding on
such a material system has been significantly extended. Recently, the manipulation of LC microstruc-
tures has been flexibly enabled via a photoalignment technique, and the research focus has been grad-
ually transitioned from traditional displays to advanced LC photonics. It is expected to provide great
opportunities in the fields of planar optics, structured light fields, optical cross connection, and mode
division multiplexing optical communications. This review presents the latest works of the Research
Center for Liquid Crystal and Photonics of Nanjing University in the field of photoalignment-enabled
LC microstructures and photonic applications. To be specific, LC hierarchical architectures, optically
addressed spatial light modulators, and LC telecom/terahertz elements are separately discussed.
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Fig.1 Typical director distributions and microscopic
textures of (a) smectic, (b) cholesteric, and

(¢) blue phase LCsP%.
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Fig.3 Layered superstructures of smectic phase. (a)
Textures and (b) 3D illustration of lamellar
HFCDs; (c¢) Diffraction pattern and (d) dif-

efficiency of the

fraction polarization-

dependent diffraction of an HFCD square lat-
tice 5 (e) Schematic and (f) textures of a
d-TFCD array with designed size and orienta-
tion; (g) Images of a transmissive “O” mask
and (h) corresponding image definition
map'?'; (i) Schematic of lamellar OSs and
relevant director distributions; (j) Textures
and polarization-dependent diffraction pattern
of deflecting OSs; Textures of (k) bending
0OSs, (1) splaying OSs and (m) patterned
OSst,
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Manipulation of cholesteric helical superstruc-
tures. (a) Schematic and (b) textures of
planar cholesteric state; (c¢) Schematic and
(d) fingerprint textures of electric-field-
induced lying helix; (e) Schematic and (f)

textures of
[24]
9

archimedes spiral fingerprint
electric field-induced radial lying helix
(g) Helical layers with a self-adapted
distortion in a semi-free film; (h) Light-
driven rotation of fingerprint textures, and
the demonstration of its applications in (i)

Ci
(k) Comparison of the

steering and particle

manipulation?*

beam

structures of common helicoidal CLC and hel-
iconical CLC; (1) Electrical manipulation of
reflection spectra of heliconical CLC and
light-activated chirality inversion; (m) Light-
driven laser emission of opposite circular po-

larizations? .
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Fig.5 Patterning of BP crystallographic domain. (a)
Schematic of a photoaligned BP cell; (b)
Schematic of the distribution of BP crystallo-
graphic and polycrystalline domains; (c¢)
Electric field-induced red-shifting of reflective
wavelength of BP; (d) Patterned BP crystal-

lographic domains"®).
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Fig.6 LC gratings. (a) Schematic cell structure of
an orthogonal-PA cell; micrographs of (b)
1D and (¢) 2D LC phase gratings; (d) V-T
curves of Oth and 1st orders; (e) Dependencies
of 1st order diffraction intensity on electric field
for 0° and 90° incident polarizations™; ()
Schematic of an LC cell with TN-PA; (g)
Four states of a 2D TN-PA LC grating (all

image sizes are 300 pm>X 300 pm)=H,
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Fig.7 LC fork gratings, Dammann gratings and DVG.
(a) Micrograph of orthogonal-HAN fork grat-
ings; (b) on and (¢) off state of the optical vor-
tex; V-5 curves at different (d) wavelengths and
(e) polarizations™'; (f) Micrograph of a 2D
Dammann grating!"®'; (g) Phase pattern of a
circular Dammann grating™*® ; (h) Phase pattern
of 1 X5 DVG with m=1; (1) Schematic of local
orthogonal planar alignment of a DVG; (), (k)
Micrographs of a 2D DVG and its diffraction
patterns at wavelength of (1) 632.8 nm and (m)

532.0 nm"**.
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Fig.8 LC polarization grating.g-plate and FPG. (a)
LC director distribution of a polarization grat-
ing; diffraction patterns for (b) linearly, (d)
left circularly and (e) right circularly incident
polarization; (e) V-7 curves of opposite cir-
cular polarizations™" ; Micrographs of meta-
g-plates with (f) azimuthally variant ¢, (g)
radially variant a, and (h) radially variant q .
and corresponding optical fields with
(f) Symmetrical, (g) multi-ringed and (h) hur-
ricane transverse profiles, respectively™”; (i)
Texture of a LC FPG with m=2; (j) Schematic
diffraction property of an FPG; (k) V-y curves
of 0th and 1st orders; (1) Polarization-de-
pendent diffraction efficiency at 2.31 Vine»
and inserts show diffraction patterns of differ-

ent § marked in the curves“®?.
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LC DQP, CDQP and DVQP. (a),(b) Optical
axis distributions of a 2 X 2 Dammann
grating, a g-plate with m =1 and correspond-
ing integrated DQP; (c¢) a 7 X7 DQP with
m =1 and its diffraction pattern with left cir-
cular incident polarization; (d) 2 X 2 DQP
with m =6 and its diffraction pattern with lin-
early polarized incident light (detected with
orthogonal polarizers)™®; A micrograph and
diffraction patterns of (e) 1% LC CDQP with
m=2, (f) 1" LC CDQP with m =4, (g) 3"
LC CDQP with m=2 (The white and yellow
arrows indicate the polarization states of inci-
dent light and the direction of the analyzer,
respectively) 75 (h) Theoretical distribution
of optical axes, (i) POM image of a 5 X5
DVQP and its diffraction pattern with (j) cir-
cular and (k) linear polarization (detected

with a 90° analyzer)™*,



930 W5 B

836 %

FICE 9Ch~k)) , A FFAT ORI 5 584 K dle 1%
g S S S S = £ 27 EVAIS =1y
T TG T R AR/ A A A AR T BE R
KAEE T WIEE 5 1 L BE

B 10 Ot CLCOLFFBRMIE R FHR %, (O
YL EuR sl 1) CLC 45 4 3 748 s 3L B G R
KAERIEMD2 s ()45 s OB E T8

B R4t B Fsqg=1/2 B CLC ¢ ¥ K 7E
()2 s f(e)45 s WG EH T D aE/R B .
AR 43 A5 L S B R B O AM 58 e,

Fig.10  Light-driven manipulation of CL.C photonic

band gap and inversion of chirality. (a)
Structural evolution of CLC superstructures
driven by blue and green light; Micrographs
and diffraction patterns of an Airy beam
generator irradiated by blue light for (b) 2 s
and (c) 45 s; Schematic illustrations, phase
profiles, micrographs and OAM detection
of a CLC g-plate with ¢ =1/2 irradiated by
blue light for (d) 2 s and (e) 45 s,
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Fig.11 LC optical switch, depolarizer and dynamic

waveguide. (a) Schematic of an orthogonal-
HAN cell; (b) LC director distribution in
y-z plane; (¢) Switch performance with re-
spect to the signal frequency™™. (d) Sche-
matic of an LC depolarizer (gray scales indi-
cate the directions of optical axes); (e)
DOP results at different incident polariza-
tion"®" ; Designed LC director distributions,
micrographs and experimental images of (f)
a bending waveguide and (h) a ring resona-
tor; (g) 3D schematic illustration of a ben-
ding waveguide; (i) Thermal switchability

and (j) polarization dependency™®?.
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Generation and detection of OAM. (a) Mi-
crograph of a CLC DVG; (b) Transmission

Fig.12

spectra of the CLCs for linearly polarized
light; (¢) Diffraction patterns at four differ-
ent wavelengths; (d) Diffraction patterns of
incident vortex beam with m = +1 (single
m detection); (e) Image of a multi-g-plate
with ¢ = 0.5+ 2 used to generate incident
vortex beam with m =-+1 and m=-+4. and
() corresponding intensity images of the in-
cident, transmitted light and reflective de-
multiplexing patterns (multiplexed m detec-

tion) 4,
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and filter. (a) Schematic of a tunable LC THz

Fig.13

waveplate; (b) Frequency-dependent phase re-
tardation for different operating voltages; (c)
Polarization evolution at 2.1 THz controlled by
different voltagest® ; (d) Schematic of a THz
perfect absorber; LC director distribution
under operating voltages of (e) 1 V and (f) 60
V; (g) Simulations of reflection spectra for LC
director parallel (black) and perpendicular
(red) to the substrate!™!; (h) Schematic of a
FP THz filter; (i) Frequency-dependent trans-
mission of the filter at different tempera-

tures " .
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Fig.14 LC THz metalens with tunable chromatic
aberration and THz planar photonics. (a)
The broadband achromatic focusing state
without bias and the dispersive focusing
state with a saturated bias; Measured THz
fields at 0.9, 1.1, 1.4 THz (b) without ap-
plied bias and (¢) with a saturated bias™® ;
(d) Theoretical dependency of phase retar-
dation on frequency and film thickness; (e)
Frequency-dependent ellipticity at different
film thicknesses and the polarization evolu-
tion at 1.4 THz (depicted by yellow line) ;
(f) Micrographs and corresponding LC di-
rector distribution or function illustration of
THz deflectors, lens, Bessel beam and vor-
tex beam generators; (g) Schematic of

THz planar photonics!’*.
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