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ABSTRACT

The present invention provides a liquid crystal material
including: a liquid crystal molecule including an alkenyl
group; a phenol-based antioxidant; and a light stabilizer for
recycling the phenol-based antioxidant.
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LIQUID CRYSTAL MATERIAL AND LIQUID
CRYSTAL DISPLAY DEVICE INCLUDING
THE SAME

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2013-0075528 filed in Republic of
Korea on Jun. 28, 2013, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device, and more particularly, to a liquid crystal
material having improved reliability and response time and an
LCD device including the liquid crystal material.

[0004] 2. Discussion of the Related Art

[0005] As the society has entered in earnest upon an infor-
mation age, various display devices, such as an LCD device
and an organic light emitting diode (OLED) display device,
for displaying images are required.

[0006] The LCD device uses optical anisotropy and polar-
ization properties of liquid crystal molecules. The liquid crys-
tal molecules have a definite alignment direction as a result of
their thin and long shapes. The alignment direction of the
liquid crystal molecules can be controlled by application of
an electric field across the liquid crystal molecules. As the
intensity or direction of the electric field is changed, the
alignment of the liquid crystal molecules also changes. Since
incident lightis refracted based on the orientation of the liquid
crystal molecules due to the optical anisotropy of the liquid
crystal molecules, images can be displayed by controlling
light transmissivity.

[0007] Since the LCD device including a thin film transistor
(TFT) as a switching element, referred to as an active matrix
LCD (AM-LCD) device, has excellent characteristics of high
resolution and displaying moving images, the AM-LCD
device has been widely used.

[0008] Thel.CD device includes two substrates facing each
other and aliquid crystal layer therebetween. The LCD device
further includes a pixel electrode and a common electrode for
generating an electric field. The liquid crystal layer is driven
by the electric field.

[0009] For example, the LCD device is used for repeatedly
displaying similar images in a public place. It may be called
to as a public display. Since the public display repeatedly
displays similar images in very long times, the reliability of
the LCD device is an important fact.

[0010] Namely, in the public display, the displayed images
remain in the screen as an afterimages, and the image quality
of the public display is degraded by the afterimages. As a
result, high reliability is required in the LCD device as the
public display.

[0011] However, the LCD device for the public display
having high reliability has a disadvantage in a response time.
The LCD device for the public display having the high
response time has a disadvantage in the reliability.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention is directed to a
liquid crystal material and an LCD device including the same
that substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.
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[0013] An object of the present invention is to provide a
liquid crystal material having advantages in both of the reli-
ability and the response time.

[0014] Another object of the present invention is to an LCD
device including the liquid crystal material.

[0015] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the present invention provides
a liquid crystal material including;: a liquid crystal molecule
including an alkenyl group; a phenol-based antioxidant; and a
light stabilizer for recycling the phenol-based antioxidant.
[0017] In another aspect of the present invention, the
present invention provides a liquid crystal display device
including: first and second substrates facing each other; a
pixel electrode on the first substrate; a common electrode on
one of the first and second substrates; first and second align-
ment layers respectively over the first and second substrates;
and a liquid crystal layer positioned between the first and
second alignment layers, the liquid crystal layer including: a
liquid crystal molecule including an alkenyl group; a phenol-
based antioxidant; and a light stabilizer for recycling the
phenol-based antioxidant.

[0018] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0020] In the drawings:

[0021] FIGS. 1A and 1B are graphs showing a relation
between the reliability and the response time in a liquid crys-
tal material according to an embodiment of the present inven-
tion.

[0022] FIG. 2 is a schematic cross-sectional view of an
LCD device according to an embodiment of the present
invention.

[0023] FIG. 3isaview illustrating a reaction mechanism of
a phenol-based antioxidant and a radical according to an
embodiment of the present invention.

[0024] FIG. 41sa view illustrating a recycle mechanism of
aphenol-based antioxidant by HALS in a liquid crystal mate-
rial of the present invention.

[0025] FIG. 5isa graph showing anincrease of the reliabil-
ity in an LCD device including a liquid crystal material of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0026] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
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trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0027] To increase the reliability of the LCD device used as
the public display, the liquid crystal material, which does not
include an alkenyl group, is used.

[0028] Namely, referring to FIG. 1A, which is a graph
showing a relation between the reliability and the alkenyl
group content in the liquid crystal material, as the alkenyl
group content in the liquid crystal material is increased, the
displaying reliability ofthe LCD device is decreased. Accord-
ingly, the liquid crystal material without the alkenyl group is
used for the LCD device as the public display.

[0029] However, referring to FIG. 1B, which is a graph
showing a relation between the response time and the alkenyl
group content in the liquid crystal material, as the alkenyl
group content in the liquid crystal material is decreased, the
response time of the LCD device is decreased.

[0030] Namely, when the alkenyl group is excluded from
the liquid crystal material to increase the reliability in the
LCD device as the public display, a problem in that the
response time of the LCD device is decreased is generated.

[0031] FIG. 2 is a schematic cross-sectional view of an
LCD device.
[0032] As shown in FIG. 2, the LCD device includes a first

substrate 110, a second substrate 120 facing the first substrate
110, and a liquid crystal layer 130 between the first and
second substrates 110 and 120.

[0033] On the first substrate 110, a pixel electrode 170 and
a common electrode 172 are formed. An electric field is
generated between the pixel and common electrodes 170 and
172 such that the liquid crystal layer 130 is driven. In addition,
acolor filter layer 182 is formed on the second substrate 120.
[0034] Particularly, a plurality of pixel regions (not shown)
are defined in the first substrate 110, and a thin film transistor
(TFT), the pixel electrode 170 and the common electrode 172
are formed in each pixel region.

[0035] Thepixel regionis defined by a gate line (not shown)
and a data line (not shown) crossing each other. The TFT is
connected to the gate and data lines.

[0036] The TFT includes a gate electrode 142, a gate insu-
lating layer 144, a semiconductor layer 150, a source elec-
trode 162 and a drain electrode 164. The gate electrode 142 is
connected to the gate line, and the gate insulating layer 144 is
formed on the gate electrode 142. The semiconductor layer
150 is formed on the gate insulating layer 144 and overlaps
the gate electrode 142. For example, the semiconductor layer
150 may includes an active layer 152 of an intrinsic amor-
phous silicon and an ochmic contact layer 154 of an impurity-
doped amorphous silicon. Alternatively, the semiconductor
layer 150 may include an oxide semiconductor material or
poly-crystalline silicon.

[0037] The source electrode 162 and the drain electrode
164 are formed on the semiconductor layer 150 and are
spaced apart from each other. The source electrode 162 is
connected to the data line.

[0038] A passivation layer 166 is formed on the TFT, and a
drain contact hole 168 exposing the drain electrode 164 of the
TFT is formed through the passivation layer 166.

[0039] The pixel electrode 170 and the common electrode
172 are formed on the passivation layer 166. The pixel elec-
trode 170 and the common electrode 172 are alternately
arranged with each other such that ahorizontal electric field is
generated between the pixel and common electrodes 170 and
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172. The pixel electrode 170 contacts and is electrically con-
nected to the drain electrode 164 of the TE'T through the drain
contact hole 168.

[0040] Alternatively, the pixel and common electrodes
have the plate shape, and one of the pixel and common elec-
trodes has an opening. In this instance, the pixel and common
electrodes are positioned in different layers such that a fringe
field 1s generated between the pixel and common electrodes.
In addition, the pixel electrode is formed on the first substrate
110, and the common electrode is formed on the second
substrate 120. In this instance, a vertical electric field is gen-
erated between the pixel and common electrodes.

[0041] Referring againto FIG. 2, a firstalignment layer 174
is formed on the pixel and common electrodes 170 and 172.
For example, the first alignment layer 174 may be formed of
polyimide.

[0042] On the second substrate 120, a black matrix 180 for
shielding a non-display area, such as the TFT, the gate line
and the data line, and a color filter layer 182 are formed. The
black matrix 180 and the color filter layer 182 may be omit-
ted.

[0043] A second alignment layer 184 is formed on the color
filter layer 182. For example, the second alignment layer 184
may be formed of polyimide.

[0044] The liquid crystal layer 130 is positioned between
the first and second substrates 110 and 120, and more particu-
larly, between the first and second alignment layers 174 and
184. The liquid crystal layer 130 includes a liquid crystal
molecule 132, a phenol-based antioxidant 134 and a light
stabilizer 136.

[0045] Aninitial arrangement of the liquid crystal molecule
132 is controlled by the first and second alignment layers 174
and 184, and the liquid crystal molecule 132 includes an
alkenyl group for increasing the response time.

[0046] Forexample, the alkenyl group is linked to an end of
the liquid crystal molecule 132 such that the response time of
the liquid crystal layer 130 is improved as shown in FIG. 1B.
[0047] However, when the liquid crystal molecule 132
includes the alkenyl group to increase the response time, a
by-product is generated by reaction between the alkenyl
group in the liquid crystal molecule 132 and a radical oranion
from the first and second alignment layers 174 and 184 such
that the reliability of the LCD device is degraded.

[0048] Namely, the LCD device includes a backlight unit as
a light source, and the first and second alignment layers 174
and 184 are exposed to a UV from the backlight unit or the
outside. On the other hand, the first and second alignment
layers 174 and 184 includes a functional group, such as
“ROQH?, at their end to control the arrangement of the liquid
crystal molecule 132, and unstable radicals or ions are gen-
erated from the functional group of the first and second align-
ment layers 174 and 184 by the UV. The radicals or ions react
with the alkeny]1 group, which includes the double bond link-
age, such that the by-product is generated. The reliability of
the LCD device is degraded by the by-product.

[0049] To prevent the generation of the by-product, the
liquid crystal layer 130 of the present invention includes a
phenol-based antioxidant 134. The phenol-based antioxidant
134 is represented by following Formula 1. In the Formula 1,
each of R1 and R2 is selected from substituted or non-substi-
tuted alkyl group or hydrogen, and R3 is selected from sub-
stituted or non-substituted alkyl group, substituted or non-
substituted alkyl-carbonyl group, substituted or non-
substituted alkoxy group and hydrogen.
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[Formula 1]
(028

R1 R2

R3

[0050] In addition, the liquid crystal layer 130 of the
present invention further includes the light stabilizer 136 such
that a side reaction generating the by-product is prevented and
the phenol-based antioxidant 134 is recycled. As a result, the
reliability of the LCD device is further improved.

[0051] The light stabilizer 136 is represented by following
Formula 2. Namely, the light stabilizer 136 is a hindered
amine light stabilizer (HALS). In the Formula 2, each of R4
and R5 is selected from hydrogen and substituted or non-
substituted alkyl group, and R6 is selected from hydrogen and
substituted or non-substituted alkoxy group.

[Formula 2]
(R5)2

R6 NH

R4)2

[0052] The phenol-based antioxidant 134 and the light sta-
bilizer 136 have excellent solubility with the liquid crystal
molecule 132 and excellent transmissivity. As a result, there is
no problem in the driving property and the transmissivity of
the liquid crystal layer 130 by the phenol-based antioxidant
134 and the light stabilizer 136.

[0053] The phenol-based antioxidant 134 reacts with the
radicals or ions from the first and second alignment layers 174
and 184 such that the reaction between the radicals or the ions
and the alkenyl group in the liquid crystal molecule 132. Asa
result, the degradation of the reliability of the LCD device by
the by-product from the reaction between the radicals or ions
and the alkenyl group in the liquid crystal molecule 132 is
prevented.

[0054] Referring to FIG. 3, which is a view illustrating a
reaction mechanism of a phenol-based antioxidant and a radi-
cal, the phenol-base antioxidant reacts with the radicals (or
ions) such that the radicals becomes stable. As a result, the
side reaction between the radicals and the alkenyl group in the
liquid crystal molecule is prevented.

[0055] However, the phenol-based antioxidant is finally
changed into a quinone-derivative by the reaction with the
radicals. In this instance, the phenol-base antioxidant does
not have a function as the antioxidant. Accordingly, the reli-
ability is increased by the phenol-based antioxidant in an
initial driving state. However, after the LCD device is driven
for long time, there is no effect by the phenol-based antioxi-
dant. In addition, the quinine-derivative serves as impurities
in the liquid crystal layer such that the driving property of the
liquid crystal layer is degraded.

[0056] On the other hand, the HALS as the light stabilizer
reacts with the radicals (or ions) such the radicals becomes

stable. In addition, the phenol-based antioxidant is recycled
by the HALS.
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[0057] Namely, referring to FIG. 4, which is a view illus-
trating a recycle mechanism of a phenol-based antioxidant by
HALS in a liquid crystal material of the present invention, the
phenol-based antioxidant reacts with the radicals to stabilizer
the radicals, and the quinine-derivative, as a product of the
reaction between the phenol-based antioxidant and the radi-
cals, is recycled by the HALS such that the function of the
antioxidant is maintained.

[0058] Accordingly, even when the LCD device is operated
for long time, the stabilization reaction of the radicals by the
phenol-based antioxidant is continuously generated and the
degradation of the operation property of the liquid crystal
layer by the quinine-derivative is prevented.

[0059] Effects to the reliability in the liquid crystal layer
including the phenol-based antioxidant and the HALS will be
explained.

[0060] In an electrically controlled birefringence (ECB)
liquid crystal panel, a voltage holding ratio (VHR, %) accord-
ing to a time is measured with various cases, i.e., the liquid
crystal layer including the liquid crystal molecules having
alkenyl group without the phenol-base antioxidant and the
HALS (case A), the liquid crystal layer including the liquid
crystal molecules having alkenyl group with the phenol-base
antioxidant and without the HALS (case B), the liquid crystal
layer including the liquid crystal molecules having alkenyl
group with HALS and without the phenol-base antioxidant
(case C), and the liquid crystal layer including the liquid
crystal molecules having alkenyl group with the phenol-base
antioxidant and the HALS (case D).

[0061] In this instance, the phenol-based antioxidant rep-
resented by following Formula 3 is used, and the HALS
represent by following Formula 4 is used. In addition, the
phenol-based antioxidant is added by 1000 weight ppm with
respect to the liquid crystal molecule, and the HALS is added
by 250 weight ppm with respect to the liquid crystal mol-
ecule.

[Formula 3]
HO (CH);—C—0—Cysllz7
[Formula 4]
CH; CH, CH; CH
o
H—N 0—C—(CH)y—C—0 N—H
CH, CH; CH; CH;
[0062] Referring to FIG. 5, which is a graph showing an

increase of the reliability in an LCD device including a liquid
crystal material of the present invention, the voltage holding
ratio in the case B and the case C is higher than the case A.
Namely, the reliability of the LCD device is improved by the
phenol-based antioxidant and by the HALS.

[0063] On the other hand, the case D has a similar driving
property to the cases A, B and C, while the voltage holding
ratio of the case D is rapidly increased after the long-time
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operation. Namely, as mentioned above, since the phenol-
based antioxidant is recycled by the HALS, the reaction
between the phenol-based antioxidant and the radicals (or
ions) is continuously generated such that the reliability of the
LCD device is remarkably increased.

[0064] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal material, comprising:

a liquid crystal molecule including an alkenyl group;

a phenol-based antioxidant; and

a light stabilizer for recycling the phenol-based antioxi-

dant.

2. The liquid crystal material according to claim 1, wherein
the phenol-based antioxidant is represented by following For-
mula A, and wherein each of R1 and R2 is selected from
substituted or non-substituted alkyl group or hydrogen, and
R3 is selected from substituted or non-substituted alkyl
group, substituted or non-substituted alkyl-carbonyl group,
substituted or non-substituted alkoxy group and hydrogen:

Formula A

OH

R1 R2.

R3

3. The liquid crystal material according to claim 1, wherein
the light stabilizer is a hindered amine light stabilizer.

4. The liquid crystal material according to claim 3, wherein
the light stabilizer is presented by following Formula B, and
wherein each of R4 and RS is selected from hydrogen and
substituted or non-substituted alkyl group, and R6 is selected
from hydrogen and substituted or non-substituted alkoxy

group:

Formula B

R6 NH.

(R4),

5. The liquid crystal material according to claim 1, wherein
the phenol-based antioxidant is

o]

HO (CH;);—C—0—C)sl37,
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and the light stabilizer is
CH3CH3 CH3 CH3
O O
H—N 0—C—(CHy)g—C—0 N—H.
CH; CH; CH; CHs

6. A liquid crystal display device, comprising:

first and second substrates facing each other;

a pixel electrode on the first substrate;

a common electrode on one of the first and second sub-

strates;

first and second alignment layers respectively over the first

and second substrates; and

a liquid crystal layer positioned between the first and sec-

ond alignment layers, the liquid crystal layer including:

a liquid crystal molecule including an alkenyl group;

a phenol-based antioxidant; and

a light stabilizer for recycling the phenol-based antioxi-
dant.

7. The liquid crystal display device according to claim 6,
wherein the phenol-based antioxidant is represented by fol-
lowing Formula A, and wherein each of R1 and R2 is selected
from substituted or non-substituted alkyl group or hydrogen,
and R3 is selected from substituted or non-substituted alkyl
group, substituted or non-substituted alkyl-carbonyl group,
substituted or non-substituted alkoxy group and hydrogen:

Formula A
OH

R1 R2.

R3

8. The liquid crystal display device according to claim 6,
wherein the light stabilizer is a hindered amine light stabi-
lizer.

9. The liquid crystal display device according to claim 8,
wherein the light stabilizer is presented by following Formula
B, and wherein each of R4 and RS is selected from hydrogen
and substituted or non-substituted alkyl group, and R6 is
selected from hydrogen and substituted or non-substituted
alkoxy group:

Formula B
R5)

R6 NH.

(R4),
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10. The liquid crystal display device according to claim 6,
wherein the phenol-based antioxidant is

0]
HO (CH,);—C—0—C\gH37,
and the light stabilizer is
CH;CH; CH; CH;
I
H—N O—C—(CHy)y—C—0 N-I.
CH;CH; CH; CH,
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