Aligning liquid crystal molecules
by nanoparticles
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Motivation — Flexible Displays
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— How fast to double a knowledge base*?
1750 — 1900: 150 years to double
1900 — 7950: 50 years to double
1950 — 1960: 10 years to double
1960 - 1992: 5 years to double
By 2020, information might double about every 73 days!

SALCDS 45 A ¥ B~ Hp 1 TPT-LOD
L

Display Options: UTL™ (Ulira-thin »na Light-w 2ight) Flexible Display

E-Paper Display (Electrophorchc) | /M:Evc matox LE Achve mabox OLED

Yo
-
© * Ink-on-paperlook (B/W) = Fallcolor * High flexibility
# P'roductonglass available » High resolution * Full color

* Low power consumption . . * Low cost printing process
« Hlexibility Can use conventional LCD B
Line

= Cell gap contiol * Thin film enwapsulation

@ * Active matrix driving,
Back lightunit * Handling

* Color=* CForcolored
parlicles A
* Slow response time

lignmentlayer
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Challenges
High temperature process: TFT, CF, Pl baking

Total Haze  Retardation CTE Heat shrinkage
Transmittance (%) (%) %) (ppmC) (%)
Glass 93 93 1 37 0
rC 90 o0 1 73 0.01giercs
Thermal process Expausion & delonuation
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Two approaches:
»Lower process temperature
»Increase plastics Tg/ Reduce CTE
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LCD Structure

Common Electrode
Black Matrix (ITO) Spacer  Polarizer

\ I

Substrate Color-Filter

Color Filter

Seal (Blue)
N
Shert— — Alignment
'I L “*'- Layer

TFT-ATTIG)’ Substrate

\ /' ‘\ — Polarizer

Bonding PAD Pixel ﬁg;mde Storage Capacitor

| — Substrate
T Plalignment laver  polyimide () T
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Pretilt angle
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Approaches for flexible LCDs
Noval structures
» No alignment layer
» No color filter — fast response
xboa

2012/4/22



Non-alignment

Isotropic to anisotropic
US 20050062927A1

a9 United States

a2 Patent Application Publication (o Pub. No.: US 2005/0062927 Al
Nakamura et al. (43) Pub. Date: Mar. 24, 2005

(54)  LIQUID CRYSTAL DISPLAY DEVICE Publication Classification

GO2F 1/133
e 349/170; 349/167

(75)  Inventorss Masako Nakamura, Nara (JP); Yoshito (51) Imt. CL7
Hashimoto, Mie (JP); Tokihiko GBI) DR LCL e
Shinomiya, Nara (JP); Shigeaki
Mizushima. Nara (JP)

Sharp’s concept
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Application I: Flexible Guest-Host LCDs
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Flexible Homeotropic PET-LCDs
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\oltage-dependent Transmission
Pretilt-control ?

10
1y Pretilt
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Voltage (V)

|/ o
Voltage(V) Figure 5. A series ol simulaled vollage-dependent oplical
wansmission curves with different pretilt angles.

Figure 4. Measured voltage-dependent optical ission curves
of homeotropic LC cells doped with different wse POSS.
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Outlines

»Pretilt for LCDs and their applications

»Nanoparticle-induced vertical alignment for pretilt
control

» Pretilt angle controlled by UV treatment
» Applications

» Conclusion
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LLCD Structure

| ™

~

Pl alignment layer

Y it

: A | > Pretiltangle

Pretilt determines all E-O properties:
driving voltage, viewing angle, response time, color

Required pretilt depends on operation modes
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In-Plane Switching

Liquid
== Crystal

Cond ucriL'_./
Layer (ITQ)

Polarizer——

Material

Polymer
Layer

Polarizer Substrate
Backlight
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Alignment layers vs. Products

~1°: In-Plane Switching (IPS)
~4°: Twist Nematic (TN)

~7°: Super Twist Nematic
~50°: Bistable bend-splay
~50°: No-bias OCB

~90°: Vertically aligned (VA)

17

Twist-Nematic (TN) LCDs

Polarizer

Conducting
Layer (ITO)

Polymer
Layer

Polarizer Siubstrate

Backlight

Crawford Figure 1
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Alignment layers vs. Products

~1°: In-Plane Switching (IPS)
~4°: Twist Nematic (TN)

~T7°: Super Twist Nematic
~50°: Bistable bend-splay
~50°: No-bias OCB

~90°: Vertically aligned (VA)
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Homeotropic (Vertical ) Alignment
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~1°: In-Plane Switching (IPS)
~4°: Twist Nematic (TN)

~T7°: Super Twist Nematic
~50°: Bistable bend-splay
~50°: No-bias OCB

~90¢°: Vertically aligned (VA)
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Alignment layers

Commercial homogeneous polyimide Commercial homeotropic polyimide
low pretilt < 10° high pretilt ~ 90°

~1°: In-Plane Switching (IPS OCB LC cell

~40°: Twist Nematic (TN) | ]—» Substrate
~7°: Super Twist Nematic NNNNNNNNNNNNTT pralignment
~50°: Bistable bend-splay | _ _ _ ___ _ _ _ —I1C

~50°: No-bias optically- LIS II IS LS S S A— Pretilt angle

compensated bend (OCB) ‘ |
~90¢: Vertically aligned (VA)

OCB:
Fast response time
Wide viewing angle

\
by (i)

B>y
b
Cmlw

21

& :r{:
&
&

Applications of OCB-LCDs

Examples:
Power-saving
» No color filter- color sequential (field sequential) with RGB backlights

Color filters Waste ~70% of incident light

Naked-eyes 3D- Displays

» Fast active barrier (120 Hz):

v full resolution by time-multiplexed and spatial-multiplexed
v 2D/3D switchable
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Optically-Compensated-Bend mode (OCB)
Fast response and wide-viewing angle

OCB is normally operated at bend state

o—Polarizer . B0 -!Fﬂ
Substrate o RUD Bend state
3 Yy Nl % 'TP
- V. high V') = _._. —
/ ;’ 4 Splay -
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i o TT a aresasarrrressaTenruestNTy
Substrate o Splay “m \emcal state
14— Polarizer v "
Splay Bend ] Bend 2
Twist o Twist
OCB Cell
Voltage on =P Soiny %
Voltage off **=* > —

Twist state

Transition between states
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Elastic Deformation Energy of OCB LCDs
I“i - =
| . 5 D de
E=—| (K| cos” 8+ Kisin~ )| — | dz.,
21, dz
K;; and K55 are the splay and bend elastic constants.
s the tilt angle which is a function of distance
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Approaches of tunable pretilt angles
»SiOx oblique evaporation “HUI U [

Glaszsubsirate o 1

Bl

»Polymer-stabilized alignment RQ Ry Feme natworc
W VLN Yo
(AR i
A N LJ. en
»>Nanostructured surfaces {'Di' % Appl. Phys. Lett. 92(9), 091102 (2008).

»Hybrid mixture of two materials )

T - ~ L. Komitov,

>Chemical synthesis J. Soc. Inf. Disp. 16(9), 919 (2008)]

» Stacked alignment layers

H. S. Kwok
Appl. Phys. Lett. 88(5), 051910 (2006).

»Nanoparticle

»UV treatment
RLruLE
Kesin 25
Mechanism of controlling pretilt angles
Friedel-Creagh-Kmetz (FCK) Rule
H\'\\ Homeotropic Pls: low surface energy
‘.) Homogeneous Pls: high surface energy
7s < 71c = Homeotropi ¢ alignment
| 7s> ¥Ic = Homogeneou s alignment
Contact angle measurement
¥ - surface energy of a solid film
7c - surface energy of LC
»>Nanoparticle
Surface treatment
»>UV irradiation
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Outlines

»LCD alignment and applications

»Nanoparticle-induced vertical alignment for pretilt
control

» Pretilt angle controlled by UV treatment

» Applications
»Conclusion
wEdn ”
Approaches for Pretilt Control
1. POSS doped in planar LC cells
2. POSS doped in homogeneous Pls
R, o
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polyhedral oligomeric silsesquioxane (POSS)

> Vertical alignment property
» Surface energy modification by POSS
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Approach to control pretilt angle
I: LC doped with POSS

P _Rub.
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‘ Polarizing microscope photographs of an LC cell doped with various POSS concentrations:
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POSS concentration (Wt%)  opt. Lett. 34(4), 455-457 (2009).

Approach Ii:
Homogeneous Polyimide doped with POSS
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Pretilt angle and surface energy of POSS/PI alignment
layers as a function of POSS concentration in PI.
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Transitions of OCB LC cells

(2)

5
X‘M&in; Increasing voltage > Releasing voltage
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High pretilt
OCB LC cell
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Voltage dependent transmission curves of OCB LCDs

»Traditional OCB LCD: low pretilt
»Proposed OCB LCD: high pretilt

20 m— Traditional QOCB (increasing voltage)
7 Traditional OCH (dccreasing voltage)

—4&A— Proposed OCB (increasing voltage)
41— Proposed OCB (decreasing voltage)

Pretilt ~48°
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Response time of a no-bias OCB LCD

The typical values:
Cell gap: ~4.5 um
Pretilt angle: ~ 65 °
Driving: 0 V-5V

0.8 ms

.00

01 08 0217 =

1l oo (5€C)
400 .00
-4.00 e
Falling time Rising time
Total response time: ~ 2.3 ms
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Outlines

»LCD alignment and applications

»Nanoparticle-induced vertical alignment for pretilt
control

» Pretilt angle controlled by UV treatment
» Applications

» Conclusion
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Influence of UV on alignment layers

Photo-decomposition

UV-induced surface modification on homogeneous PI layers
FTIR spectra: bond-breaking reactions for homogeneous Pl

a028 JAppl Phys 80 (9), 1 November 1996

We focus on:

‘ UV-treatment on homeotropic Pl layers | Pretilt tuning range: 90° to 0°

LC devices requiring patterned alignment areas.
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Influence of UV dosage on PI films
pretilt angle and surface energy
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Applications of UV treatment on PI films

Any LC device requires patterned alignment

Applications I: Liquid Crystal Fresnel Lens
Applications I1I: Liquid Crystal Phase Grating
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Applications I: Liquid Crystal Fresnel Lens

Fabrication process
ITO subsirates

———— ——————————
l Howmeolropic PI l

Cellgap: 10 p m

HH Y J : Even zones: horizontally aligned

LC: E7 Odd zones: vertically aligned
. Heorizontal rubbing: polarization-dependent 1L CFL
@ Circular rubbing: pelarization-independent LCIL
BIXexs
- 38
R OPTICS EXPRESS, 18, 26331 (2010)
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Focus of Liquid Crystal Fresnel Lens
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LY ST OPTICS EXPRESS, 18, 26325 (2010)
A polarization-independent LC Fresnel lens
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Applications I1: Liquid Crystal Phase Grating

Fabrication process

| TTO smbstrare

L
Period: ~200 p m
— Homeotropic [T
1 v ¥V v Vv
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S R— photomask
Bubbane

Cellgap: 5.5y m

LC: E7
Photos by a crossed polarizing
@ optical microscope.
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Conclusion and Future work

»POSS nanoparticle and UV irradiation have been applied for
controlling pretilt angle of PI films.

»LC devices by these two techniques were demonstrated:
no-bias OCB LCDs, Fresnel lens, phase grating

»Determine the physical and chemical properties of PI/POSS and
UV-treated PI alignment films in the near future.

»Reliability test in the near future:
thermal aging, voltage holding ratio, etc.
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