US 20130265289A1
a9y United States

a2 Patent Application Publication (o) Pub. No.: US 2013/0265289 A1

CHEN et al. (43) Pub. Date: Oct. 10,2013
(54) CHOLESTERIC LIQUID CRYSTAL DISPLAY Publication Classification
DEVICE AND METHOD FOR DRIVING THE
SAME (1) Imt.CL
GO2F 1/1337 (2006.01)
(75) Inventors: Yu-Hsien CHEN, Kaohsiung City (TW); GO6F 3/038 (2006.01)
Huang-Ming Chen, Hsinchu County (52) US.CL
(TW); Sheng-Fa Liu, Taoyuan (TW); L0133 & G 345/211;349/123

Mei-Tsao Chiang, Taoyuan County
(TW); Bao-Sian Ciou, New Taipei City

(TW) 57 ABSTRACT
(73) Assignee: CHUNGHWA PICTURE TUBES, A cholesteric liquid crystal display deyige ipcludes a first
LTD., National Chiao Tung University substrate, a second substrate, a cholesteric liquid crystal layer
’ and a plurality of nano particles. The first substrate includes a
(21) Appl. No.: 13/613,521 first alignment layer. The second substrate includes a second
alignment layer. The cholesteric liquid crystal layer is dis-
(22) Filed: Sep. 13, 2012 posed between the first and second alignment layers. The
nano particles are disposed on a surface of one of the first and
(30) Foreign Application Priority Data second alignment layers, and located between the one of the
first and second alignment layers and the cholesteric liquid

Apr. 9,2012  (TW) oo 101112417 crystal layer.

SN

- .
. . - . . o
. r
- . . " .
. o' PIETOR X - - - -
P .
- - . -
. . . . 4
B o - . .
LI . - . . - -
. am . . . N . . . [ FOR . vt -
aam, v oo e T, e - ., . -
- ot " "
. . - - - - " L -
¥, - . - L -~ L N )
- u - . - - -_
. " a . . . .
. nm . - . . . .
v B
. . .

SIS SO SN D
&\\\\X\\\\\O\Yc\)\\\\\\\\\o\\\\x 126




Patent Application Publication  Oct. 10, 2013 Sheet 1 of 6 US 2013/0265289 A1

FIG. 1
(PRIOR ART)

1 [l

il
\ \




US 2013/0265289 A1

Oct. 10,2013 Sheet 2 of 6

Patent Application Publication

(LYY HOIMd)
¢ 9ld
abejjop
00} 06 08 0/ 09 0S oy 0g 0¢ 0l 0
| ¢ 1 I | Fl ] 1 [] | | 1 ] ) ] } 1 £ 1 ¢ O
- 200
eA ZA - v0°0
* - 90°0
(9188 Neq) .
(oress ybug) Je]S OIUOD B0 e e — — e N\ & — — — — — - 800
aje)s Jeueld : r ..“ i
2 WHHE ) |~
i B
IIIIII ———=J Lo
LA - 710
h g0 UONOSUSY
A MIMMMMJ 81 L g10
(e1e1s bug)
ajels leue|d



US 2013/0265289 A1

Oct. 10, 2013 Sheet 3 of 6

Patent Application Publication




Patent Application Publication  Oct. 10, 2013 Sheet 4 of 6

US 2013/0265289 A1

.............

SANNINNNNNNANNNNNNNNRNN S

LN o OO & R Q\ )
T ORI M 26

FIG. 4

T R 16

2 Lgag

TR Y
OO Y 26

FIG. 5

128

O S S O OO R RRRRRRTNRNNNN116

L a0

ANMIERAEERNEARNENNNNANNNRANNN

Y
126

FIG. 6



Patent Application Publication  Oct. 10, 2013 Sheet 5 of 6 US 2013/0265289 A1

A Ch-LCD device is provided L~ 5200

A voltage is applied to the cholesteric

L~ 5202
liquid crystal layer .

FIG. 7
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CHOLESTERIC LIQUID CRYSTAL DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Taiwan Patent
Application No. 101112417, filed on Apr. 9, 2012, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] This invention relates to a cholesteric liquid crystal
display device, and more particularly to a cholesteric liquid
crystal display device, which can be operated within the low
driving voltage range, thereby adjusting the gray-level of the
cholesteric liquid crystal display device.

[0004] 2. Related Art

[0005] Referring FIG. 1, a conventional reflective choles-
teric liquid crystal display (Ch-LCD) device 10 mainly
includes a transparent glass 11, a plurality of liquid crystal
units 12 and a light-absorbing glass 13. When a voltage is
applied to the Ch-LCD device 10, the liquid crystal units 12
can show an image (shown in the intermediate drawing of
FIG. 1) according to a signal sequence ofthe applied voltage.
The Ch-LCD device 10 has two stable states: a planar state
and a focal conic state.

[0006] The planar state is a bright state, i.e., the liquid
crystal units 12 have cholesteric liquid crystals which are
regularly arranged by means of a planar twisted texture
(shown in the lower left drawing of F1G. 1), whereby ahalf of
an ambient light can be reflected when the ambient light
passes through the transparent glass 11, the liquid crystal
units 12 and the light-absorbing glass 13. Thus, the Ch-LCD
device 10 is generally applicable in electronic books, etc.
When the Ch-LCD device 10 are requested to often switch a
picture frame to another picture frame and the Ch-LCD
device 10 has no the applied voltage, the Ch-L.CD device 10
can utilizes the ambient light to show the image so as to save
the energy.

[0007] The focal conic state is a dark state, i.e., the liquid
crystal units 12 have cholesteric liquid crystals which are
irregularly arranged by means of a focal conic texture (shown
in the lower right drawing of FIG. 1), whereby an ambient
light can pass through the transparent glass 11, is scattered by
the liquid crystal units 12, and is fully absorbed by the light-
absorbing glass 13. According to the signal of the applied
voltage, the stable state of the Ch-LCD device 10 can be the
planar state or the focal conic state.

[0008] Referring to FIG. 2, it depicts the relationship (R-V
curve) between the reflection and the voltage of the conven-
tional Ch-LCD device. A driving voltage range is between
first and second voltages V1, V2 and third and fourth voltages
V3, V4, and is adapted to control the gray-level of the cho-
lesteric liquid crystals. However, according to the restriction
of the property of the cholesteric liquid crystals, the choles-
teric liquid crystals must be switched to the planar state (i.e.,
bright state) by a reset voltage V (i.e., the reset voltage V is
higher than the fourth voltage V,) during the switch of the
gray-level. In other words, before each switch of the gray-
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level, the cholesteric liquid crystals must be switched to the
initial planar state (i.e., bright state) by the reset voltage V4
having a high voltage.

[0009] Generally, the gray-level of the cholesteric liquid
crystals is switched by using driving voltages of the third to
fourth voltages V3-V4 together with the reset voltage V.
However, the slope of the reflection corresponding to the third
to fourth voltages V3-V4 is too steep to easily switch of the
gray-level.

[0010] Accordingly, there exists a need for a cholesteric
liquid crystal display device capable of solving the above-
mentioned problems.

SUMMARY OF THE INVENTION

[0011] Itis one object of the present invention to adjust the
gray-level of a cholesteric liquid crystal display device by
utilizing the magnitude of the driving voltage within the low
driving voltage range.

[0012] The present invention provides a cholesteric liquid
crystal display device including a first substrate, a second
substrate, a cholesteric liquid crystal layer and a plurality of
nano particles. The first substrate includes a first alignment
layer. The second substrate includes a second alignment
layer. The cholesteric liquid crystal layer is disposed between
the first and second alignment layers. The nano particles are
disposed on a surface of one of the first and second alignment
layers, and located between the one of the first and second
alignment layers and the cholesteric liquid crystal layer.
[0013] The present invention further provides a method for
driving a cholesteric liquid crystal display device comprising
the following steps of: providing a cholesteric liquid crystal
display device, wherein the cholesteric liquid crystal display
device comprises a first substrate, a second substrate, a cho-
lesteric liquid crystal layer and a plurality of nano particles,
the first substrate comprises a first alignment layer, the second
substrate comprises a second alignment layer, the cholesteric
liquid crystal layer is disposed between the first and second
alignment layers, the nano particles are located between the
first alignment layer and the cholesteric liquid crystal layer
and/or between the second alignment layer and the choles-
teric liquid crystal layer; and applying a driving voltage to the
cholesteric liquid crystal layer, wherein: the cholesteric liquid
crystal layer is in a first state when the driving voltage is a first
voltage; the cholesteric liquid crystal layer is in a second state
when the driving voltage is increased and changed to a second
voltage; the cholesteric liquid crystal layer comes back to the
initial first state when the driving voltage is decreased and
changed to be the first voltage; and when the cholesteric
liquid crystal layer is operated within a driving voltage range
between the first voltage and the second voltage, the driving
voltage can be increased or decreased in two-way operating
direction, whereby the first state and the second state are
mixed, and the ratio of the first state to the second state is
different so as to show the gray-level of the cholesteric liquid
crystal display device.

[0014] According to the cholesteric liquid crystal display
device of the present invention, the cholesteric liquid crystal
layer can be only operated within the low driving voltage
range between the first and second voltages without the reset
voltage, thereby adjusting the gray-level of the cholesteric
liquid crystal display device.

[0015] In order to make the aforementioned and other
objectives, features and advantages of the present invention
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comprehensible, embodiments are described in detail below
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1 is a partially perspective schematic view of a
conventional cholesteric liquid crystal display device, which
has a planar state and a focal conic state and shows an image
according to a signal sequence of the applied voltage;
[0017] FIG. 2 is a schematic view showing the relationship
between the reflection and the voltage of'a conventional cho-
lesteric liquid crystal display device;

[0018] FIGS. 3a and 35 are partially perspective schematic
views of a cholesteric liquid crystal display device according
to an embodiment of the present invention;

[0019] FIG. 4 is a cross-sectional schematic view of a cho-
lesteric liquid crystal layer, a first alignment layer and a
second alignment layer of the cholesteric liquid crystal dis-
play device according to an embodiment of the present inven-
tion;

[0020] FIG. 5 is a cross-sectional schematic view of a cho-
lesteric liquid crystal layer, a first alignment layer and a
second alignment layer of the cholesteric liquid crystal dis-
play device according to another embodiment of the present
invention;

[0021] FIG. 6 is a cross-sectional schematic view of a cho-
lesteric liquid crystal layer, a first alignment layer and a
second alignment layer of the cholesteric liquid crystal dis-
play device according to a further embodiment of the present
mvention,;

[0022] FIG. 7 is a flow diagram showing a method for
driving a cholesteric liquid crystal display device according
to an embodiment of the present invention; and

[0023] FIG. 8 is a schematic view showing the relationship
between the reflection and the voltage of a cholesteric liquid
crystal display device according to an embodiment of the
present invention.

[0024] The present invention will become more fully
understood from the detailed description given herein below
for illustration only, and thus are not limitative of the present
mvention, and wherein:

DETAILED DESCRIPTION OF THE INVENTION

[0025] Referring to FIGS. 3a and 35, they depict a choles-
teric liquid crystal display (Ch-LCD) device 100 according to
an embodiment of the present invention. The Ch-LCD device
100 includes a first substrate 110, a second substrate 120 and
a cholesteric liquid crystal layer 130. The first substrate 110
includes a first transparent substrate 112, a transparent com-
mon electrode 114 and a first alignment layer 116. The trans-
parent common electrode 114 is disposed on a surface of the
first transparent substrate 112, and the first alignment layer
116 is disposed on a surface of the transparent common
electrode 114.

[0026] The second substrate 120 includes a second trans-
parent substrate 122, a transparent pixel electrode 124 and a
second alignment layer 126. The transparent pixel electrode
124 is disposed on a surface of the second transparent sub-
strate 122, and the second alignment layer 126 is disposed on
a surface of the transparent pixel electrode 124. The second
substrate 120 further includes circuit element, e.g., thin film
transistors and capacitors (not shown).

[0027] The cholesteric liquid crystal layer 130 is disposed
between the first and second alignment layers 116, 126.
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Briefly, a polymide (PI) is coated on the first substrate 110,
and then the polymide can be acted as the first alignment layer
116 after a rubbing arrangement process. A polymide (PI) is
coated on the second substrate 120, and then the polymide can
be acted as the second alignment layer 126 after a rubbing
arrangement process. The second substrate 120 is attached to
the first substrate 110, and then the cholesteric liquid crystals
are injected between the first and second alignment layers
116, 126. A voltage between the transparent common elec-
trode 114 and the transparent pixel electrode 124 can deter-
mine a driving voltage of the cholesteric liquid crystal layer
130.

[0028] Referring FI1G. 4, in this embodiment, the Ch-LCD
device 100 further includes a plurality of nano particles 128,
which are disposed on a surface of the second alignment layer
126, and located between the second alignment layer 126 and
the cholesteric liquid crystal layer 130.

[0029] Referring FIG. 5, in another embodiment, the Ch-
LCD device 100 further includes a plurality of nano particles
128, which are disposed on a surface of the first alignment
layer 116, and located between the first alignment layer 116
and the cholesteric liquid crystal layer 130.

[0030] Referring FIG. 6, in a further embodiment, the Ch-
LCD device 100 further includes a plurality of nano particles
128, which are disposed on surfaces of the first and second
alignment layers 116, 126, and located between the first
alignment layer 116 and the cholesteric liquid crystal layer
130 and between the second alignment layer 126 and the
cholesteric liquid crystal layer 130.

[0031] The nano particles 128 can be made of silica (SiO,)
or nano silver ink. The nano particles 128 can be in the
spherical shape. The nano particles 128 can be uniformly
distributed on the alignment layer (which is made of
polymide) by a sprinkling process or an ink spraying process.
After the sprinkling process or the ink spraying process, the
nano particles 128 can be attached on the alignment layer by
a pre-baking process. The pre-baking temperature can be
within a range between 120 and 180 degrees Celsius, and the
pre-baking time can be within a range between 10 and 40
minutes. Preferably, the nano particle 128 includes a layer
located on a surface thereof, the layer is made of poly acrylic
resin. After the poly acrylic resin is heated, the nano particles
128 can be attached on the alignment layer.

[0032] Referring to FI1G. 7, it depicts a method for driving a
cholesteric liquid crystal display (Ch-L.CD) device according
to an embodiment of the present invention. In step S200, a
Ch-LCD device 100 is provided, wherein the Ch-LCD device
100 includes a first substrate 110, a second substrate 120, a
cholesteric liquid crystal layer 130 and a plurality of nano
particles 128, the first substrate 110 includes a first alignment
layer 116, the second substrate 120 includes a second align-
ment layer 126, the cholesteric liquid crystal layer 130 is
disposed between the first and second alignment layers 116,
126, the nano particles 128 are disposed on a surface of the
second alignment layer 126, and located between the second
alignment layer 126 and the cholesteric liquid crystal layer
130, shown in FIG. 3a.

[0033] In step 8202, a driving voltage is applied to the
cholesteric liquid crystal layer 130. The cholesteric liquid
crystal layer 130 is in a first state when the driving voltage is
a firstvoltage V1. The cholesteric liquid crystal layer 130 is in
a second state when the driving voltage is increased and
changed to a second voltage V2 (wherein V2 is higher than
V1). The cholesteric liquid crystal layer 130 comes back to
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the initial first state when the driving voltage is decreased and
changed to be the first voltage V1. The first and second states
are a planar state and a focal conic state respectively, and the
planar state and the focal conic state are a bright state and a
dark state respectively. When the cholesteric liquid crystal
layer 130 is operated within a driving voltage range between
the first voltage V1 and the second voltage V2, the driving
voltage can be increased or decreased in the two-way operat-
ing direction (shown as the two-way arrow 152), whereby the
first state and the second state are mixed, and the ratio of the
first state to the second state is different so as to show the
gray-level ofthe Ch-LCD device 100, shown in F1G. 8. At this
moment, the cholesteric liquid crystals have no property of
two stable states.

[0034] Moredetailed, the cholestericliquid crystals located
at the neighborhood of the nano particles 128 starts to transfer
different state when the voltage is applied to the cholesteric
liquid crystals; but the cholesteric liquid crystals can come
back to the initial state: the planar state (i.e., bright state)
when the voltage is not applied to the cholesteric liquid crys-
tals. At this moment, the cholesteric liquid crystals are oper-
ated within the driving voltage range between the first voltage
V1 and the second voltage V2 shown in FIG. 8.

[0035] The present invention can utilize the magnitude of
the driving voltage within the driving voltage range between
the first voltage V1 and the second voltage V2 to adjust the
gray-level of the Ch-LCD device 100. Preferably, in this
embodiment, the nano particles 128 can be disposed on the
surface of the second alignment layer 126 and have a distri-
bution density of 1 to 100 per square micrometer, and the size
of the nano particle 128 can be between 20 and 1000 nanom-
eters so as to effectively prevent parts of the cholesteric liquid
crystals from the influence of the second alignment layer 126.

[0036] Referring to FIG. 3a, the cholesteric liquid crystals
are in the planar state (i.e., bright state) when the voltage is not
applied to the cholesteric liquid crystals. According to the
restriction of the optical rotation of the cholesteric liquid
crystals, only 50% of an ambient light 142 can be reflected by
the cholesteric liquid crystals after 100% of the ambient light
142 enters the Ch-LCD device 100. In other words, left-
handed cholesteric liquid crystals reflect lefi-handed reflected
light 144. At this moment, the cholesteric liquid crystals is
affected by an arranging force of the arrangement layer, and
then the cholesteric liquid crystals of the Ch-LCD device 100
are arranged in the bright state.

[0037] Referring to FIG. 35, the cholesteric liquid crystals
located at the neighborhood of the nano particles 128 are
changed to be in the focal conic state (i.e., dark state) after the
voltage is applied to the cholesteric liquid crystals. At this
moment, the arranging force of the arrangement layer only
affects and holds the cholesteric liquid crystals located at a
periphery region far away from the nano particles 128. The
cholesteric liquid crystals located at a center region adjacent
to the nano particles 128 are gradually changed to be in the
focal conic state (i.e., dark state) according to the magnitude
of the driving voltage. The state change of the cholesteric
liquid crystals depends on the magnitude of the driving volt-
age.

[0038] According to the Ch-LCD device of the present
invention, the cholesteric liquid crystal layer can be only
operated within the low driving voltage range between the
first and second voltages without the reset voltage, thereby
adjusting the gray-level of the Ch-L.CD device.
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[0039] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A cholesteric liquid crystal display device comprising:

a first substrate comprising a first alignment layer;

a second substrate comprising a second alignment layer;

a cholesteric liquid crystal layer disposed between the first

and second alignment layers; and

a plurality of nano particles disposed on a surface of one of

the first and second alignment layers, and located
between the one of the first and second alignment layers
and the cholesteric liquid crystal layer.

2. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the nano particles are disposed on a
surface of the other one of the first and second alignment
layers, and located between the other one of the first and
second alignment layers and the cholesteric liquid crystal
layer.

3. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the nano particles are disposed on the
surface of the second alignment layer and have a distribution
density of 1 to 100 per square micrometer.

4. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the size of the nano particle is between 20
and 1000 nanometers.

5. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the nano particles are in the spherical
shape.

6. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the nano particles are made of silica
(S10,) or nano silver ink.

7. The cholesteric liquid crystal display device as claimed
in claim 1, wherein the nano particle comprises a layer
located on a surface of the nano particle, and the layer is made
of poly acrylic resin.

8. A method for driving a cholesteric liquid crystal display
device comprising the following steps:

providing a cholesteric liquid crystal display device,

wherein the cholesteric liquid crystal display device
comprises a first substrate, a second substrate, a choles-
teric liquid crystal layer and a plurality of nano particles,
the first substrate comprises a first alignment layer, the
second substrate comprises a second alignment layer,
the cholesteric liquid crystal layer is disposed between
the first and second alignment layers, the nano particles
are located between the first alignment layer and the
cholesteric liquid crystal layer and/or between the sec-
ond alignment layer and the cholesteric liquid crystal
layer; and

applying a driving voltage to the cholesteric liquid crystal

layer, wherein:

the cholesteric liquid crystal layer is in a first state when
the driving voltage is a first voltage;

the cholesteric liquid crystal layer is in a second state
when the driving voltage is increased and changed to
a second voltage;

the cholesteric liquid crystal layer comes back to the
initial first state when the driving voltage is decreased
and changed to be the first voltage; and
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when the cholesteric liquid crystal layer is operated
within a driving voltage range between the first volt-
age and the second voltage, the driving voltage is
increased or decreased in two-way operating direc-
tion, whereby the first state and the second state are
mixed, and the ratio of the first state to the second state
is different so as to show the gray-level of the choles-
teric liquid crystal display device.

9. The method as claimed in claim 8, wherein the first and
second states are a planar state and a focal conic state respec-
tively, and the planar state and the focal conic state are a bright
state and a dark state respectively.

10. The method as claimed in claim 8, wherein the nano
particles are disposed on a surface of the second alignment
layer and have a distribution density of 1 to 100 per square
micrometer, and the size of the nano particle is between 20
and 1000 nanometers.

* %k k%
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