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Hybrid alignment liquid crystal device with polymer stabilized technology and
application to smart glass
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We have proposed a hybrid aligned nematic liquid crystal cell using a
polymer stabilized technology for Smart glass application. The cell shows a reverse mode scattering
property, which is transparent at any viewing angle in a voltage off-state. The cell turns to opaque

by applying the voltage and has an asymmetrical scattering property at oblique incident angles.
When using the liquid crystal with positive dielectric anisotropy, the oblique incident angle
presenting the strong light scattered state is in the opposite direction when using negative
dielectric anisotropy. In addition, we apply a dual-frequency liquid crystal to the cell and
successfully switch the incident angle which gives the strong light scattering state by the
frequency of the applied AC voltage. We expect the proposed devices can be a candidate for smart
glass technology which works as a window blind selectively obstructing a midday sunlight.



uv
uv

uv

4V)

2

%

Ae

100

o o o o o
«© © < 3

(9%) @ouUEpWISUERI |

Voltage (V)

“ 90

“ 270

(b)20

G

)

HAN

uv

uv



@
S

EM

365nm

A

Transmittance

=400 cm-1 (365 nm)
uv

UV-LED

MLC-2136

A// 3000

10p

0s | ZLI-4792

06
04 r

02

0

MLC-2136

350 360 370

380

390 400

Wavelength (nm)

o
e}
T

<
o
T

<
=
T

Homogeneous
to homeotropic

UV intensity (arb. units)
o
(3]

o

Homeotropic
to homogencous

0 2 4

6 8 10

Depth (um)

365nm

Relative permittivity

©)

L

UV irradiation from __ _eo-

:f vertical :Lr:i;w-""--
50 from planar side
1.5
0
6.5
60 |
3% . : |-|J > m
Voltage (V)
p
6
7
uv
HAN
SEM w
(().,(c) W
)P
9
uv
ZL1-4792

HAN

@



100

90 |-
g 80
o UV irradiation (rom
§ 70 homeotropic side
g 60
é 50 from homogenecous side
40
30 :
0 5 10
Voltage (V)
9 MLC-2136
HAN -
C))
10
11
@
—6 I +0
i
g
_—~===
? }i\ \
TN
10 '
1
off-state
@ 08 -
2 ¢
[d
= 06
= 4
E
£ o4
i
= 02
0
-B0 -30 0 30 60
Incident angle (deg.)
(e
1
off-state
w08 rpfﬁjLeELchTTU4lqn.
2
g 06
E ; ;
@oa | - an-state
©
Foz}
0
50 -30 u] 30 60
Incident angle (deg.)
(hi
11 HAN

-40°

10(b)
p
(5)2
2
p
12 2
7 kHz
13 15V
Hz p
10 Hz
12kHz
n
14
12 k
10} &
w 8 r £ ]
6 -
4
2 1
1000 10000
Frequency [Hz]
12 2
80

Transmittance (%)
I
o

60 40 20 0 20 40 60
Incident angle (deg.)

13 2
HAN



4

R. Yamaguchi, K. Inoue, Y. Oikawa and T.
Takasu, “Electro-Optical Property in Hybrid
Aligned Reverse mode Cell Using Liquid
Crystals with Positive and Negative Dielectric
Constant Anisotropies”, J. Photopolym. Sci.
Technol., 30 (2017) 463.
doi.org/10.2494/photopolymer.30.463

R. Yamaguchi, K. Inoue, R. Kurosawa,
“Crystal Material on Polymer Network Structure
in Polymer Stabilized Liquid Crystal Cell “, J.
Photopolym. Sci. Technol., 29 (2016) 289.

doi.org/10.2494/photopolymer.29.289

R. Yamaguchi and T. Takasu, “Hybrid Aligned
nematic liquid crystal Smart glass with
asymmetrical daylight controls”, J. of SID, 23
(2015) 365. DOI:10.1002/js51d.319

R. Yamaguchi, K. Goto, L. Xiong and T.
Tomono, ‘“Normal and reverse mode light
scattering properties in nematic liquid crystal cell
using polymer stabilized effect *, J. Photopolym.
Sci. Technol., 28 (2015) 319.
doi.10.2494/photopolymer.28.287

19

R. Yamaguchi, Y. Oikawa, R. Ushizaki and T.
Takasu, “Incident Angle Property in Hybrid
Aligned Reverse Mode Liquid Crystal for Smart
Glass Application”, 3rd Japan-Thailand Joint
Symposium on Advanced Nanomaterials and
Devices for Electronics and Photonics DEI-18-22,
21-24th, Jan. (2018) Bangkok (Thailand).

R. Sasaki and_R. Yamaguchi, “Electrooptical
Property of Polymer Stabilized Reverse Mode
Cell by Nonuniform UV Irradiation”, The 24th
International Display Workshops, FMCpl - 13L,
6-8th Dec. (2017) Sendai.

s " uv

" 2017
PB30 2017 9

C )

13-15

R. Yamaguchi, K. Inoue, Y. Oikawa, and T.
Takasu, “Electro-Optical Property in Hybrid
Aligned Reverse mode Cell Using Liquid
Crystals with Positive and Negative Dielectric
Constant  Anisotropies”, 34th International
Conference of Photopolymer Science and
Technology, B3-04, 26-29 Jun. (2017) Chiba.

uv
K /
EI1D2016-39 2017
1 26-27

K. Inoue and R. Yamaguchi,” Reduction of
Driving Voltage in Polymer Stabilized Reverse
Mode Cell: UV Absorption of LC and UV Light
Source”, The 23th International Display
Workshops, LCTp2 - 8L, 7-9th Dec. (2016)
Fukuoka.

K 2016
C-9-10 2016 9 20-23
" 2016
2C03 2016 9 5-7
«

R. Yamaguchi, K. Inoue and T. Takasu, “Effect
of UV absorption anisotropy on hybrid aligned
polymer stabilized liquid crystal cell”, SPIE
Optics + Photonics 2016, 9940-3, 28th Aug. Ist
Sep. (2016) San Diego (USA).
doi: 10.1117/12.2235473

R. Yamaguchi, K. Inoue, R. Kurosawa,
“Crystal Material on Polymer Network Structure
in Polymer Stabilized Liquid Crystal Cell *, 33th
International ~ Conference of Photopolymer
Science and Technology, B3-02 22-24  Jun.
(2016) Chiba.

K 2016
C-9-5 2016 3 15-18

R. Yamaguchi, K. Inoue, T. Takasu and S.
Mitsuhashi, “UV absorption anisotropy in hybrid
aligned polymer stabilized liquid crystal”, 2nd
Japan-Thailand Joint Symposium on Advanced
Nanomaterials and Devices for Electronics and
Photonics, DEI-16-026, Jan. 11-13th (2016)
Bangkok (Thailand).

K. Inoue and R. Yamaguchi,” Mechanism of
low driving voltage in polymer stabilized
reverse mode cell’, The 22th International
Display Workshops, LCTp3 - 4L, 9-11th Dec.
(2015) Otsu.



R. Yamaguchi and T. Takasu, “UV Penetration
Length in Hybrid—Aligned Reverse Mode Liquid
Crystal Cell”, Eurodisplay 2015, P02, 21-23th
Sept. (2015) Ghent (Belgium).

DOI: 10.1002/sdtp.10488

K 2015
C-9-10 2015 9 8-11

" 2015
PA36 2015 9 7-9
¢ D
" 2015
2C01 2015 9 7-9
¢ D

R. Yamaguchi, K. Goto, L. Xiong and T.
Tomono, ‘“Normal and reverse mode light
scattering properties in nematic liquid crystal cell
using polymer stabilized effect *, 32th
International ~ Conference of Photopolymer
Science and Technology, B3-02, 24-26th Jun.

(2015) Chiba

2015 5 /14

2017-159961
29 8 23

o
YAMAGUCHI Rumiko

30170799




