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(57) ABSTRACT

Provided are a liquid crystal display device and a method for
driving same. The liquid crystal display device comprises the
liquid crystaldisplay deviceina PVA mode, an LVA mode, an
FFS mode, and in an IPS mode. The liquid crystal display
device comprises 1 to 50 wt % of an achiral smectic liquid
crystal, and a remainder of a nematic liquid crystal. The liquid
crystal device comprises 3 to 50 wt % of a smectic liquid
crystal and a remainder of the nematic liquid crystal, wherein
the smectic liquid crystal comprises a liquid crystal layer,
comprising 70 to 97 wt % of an achiral smectic liquid crystal,
and 3 to 30 et % of a chiral smectic liquid crystal.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention disclosed herein relates to a
liquid crystal display device, and more particularly, to a liquid
crystal display device including a liquid crystal layer contain-
ing a nematic liquid crystal and a smectic liquid crystal.

BACKGROUND ART

[0002] Liquid crystal display devices that are one type of
widely used flat panel display devices at present have been
actively studied to attain high definition, high luminance and
a large size. As a part of the research, the structures of elec-
trodes in the liquid crystal display device are diversified and
complicated to realize the high definition, the high luminance
and the large size. In the case when a driving voltage is
applied to the electrodes, the alignment of liquid crystal mol-
ecules in a liquid crystal layer may be changed by an applied
electric field. The alignment of the liquid crystal molecules is
non-uniform and unstable due to the electrodes. The non-
uniform and unstable alignment of the liquid crystal mol-
ecules may deteriorate the luminance of the liquid crystal
display device.

DISCLOSURE OF THE INVENTION

Technical Problem

[0003] The present invention provides a liquid crystal dis-
play device having improved luminance.

[0004] The technical limitation of the present invention is
not limited to the above-described limitations, and other
unmentioned limitations will be clearly understood from the
following description by a person skilled in the art.

Technical Solution

[0005] Embodiments of the present invention provide lig-
uid crystal display devices. The liquid crystal display devices
include a first substrate; a second substrate separated from
and opposing the first substrate; a liquid crystal layer between
the first and second substrates; a first electrode between the
first substrate and the liquid crystal layer and including a first
slit; and a second electrode between the liquid crystal layer
and the second substrate and including a second slit, wherein
the liquid crystal layer includes from about 1 to about 50 wt %
of an achiral smectic liquid crystal; and a remainder of a
nematic liquid crystal.

[0006] In other embodiments of the present invention, lig-
uid crystal display devices are provided. The liquid crystal
display devices include a first substrate; a second substrate
separated from and opposing the first substrate; a liquid crys-
tal layer between the first and second substrates; a first elec-
trode between the first substrate and the liquid crystal layer
and including a first slit; and a second electrode between the
liquid crystal layer and the second substrate and including a
second slit, wherein the liquid crystal layer includes from
about 3 to about 50 wt % of a smectic liquid crystal; and a
remainder of a nematic liquid crystal, and the smectic liquid
crystal includes from about 70 to about 97 wt % of an achiral
smectic liquid crystal; and from about 3 to about 30 wt % of
a chiral smectic liquid crystal.

[0007] Instill other embodiments of the present invention,
liquid crystal display devices are provided. The liquid crystal
display devices include a first electrode and a second elec-
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trode separated from and opposing to each other; and a liquid
crystal layer filling up a space between the first and second
electrodes and including a plurality of liquid crystal mol-
ecules having a first alignment direction perpendicular to the
surface of the first or second electrode when no potential
difference is present between the first and second electrodes,
wherein the liquid crystal layer includes from about 1 to about
50 wt % of an achiral smectic liquid crystal; and a remainder
of a nematic liquid crystal, the plurality of liquid crystal
molecules performs changing operation to have a second
alignment direction substantially in parallel to an extended
direction of the first or second electrode when potential dif-
ference is generated between the first and second electrodes,
the changing operation of the liquid crystal molecules
includes a first alignment step and a second alignment step in
order, the liquid crystal molecules change to have a third
alignment direction different from the first or second align-
ment direction in the first alignment step, and the liquid
crystal molecules of the third alignment direction change to
have the second alignment direction in the second alignment
step.

[0008] Inevenother embodiments of the present invention,
liquid crystal display devices are provided. The liquid crystal
display devices include a first electrode and a second elec-
trode separated from and opposing to each other; and a liquid
crystal layer filling up a space between the first and second
electrodes and including a plurality of liquid crystal mol-
ecules having a first alignment direction perpendicular to the
surface of the first or second electrode when no potential
difference is present between the first and second electrodes,
wherein the liquid crystal layer includes from about 3 to about
50 wt % of a smectic liquid crystal; and a remainder of a
nematic liquid crystal, and the smectic liquid crystal includes
from about 70 to about 97 wt % of an achiral smectic liquid
crystal; and from about 3 to about 30 wt % of a chiral smectic
liquid crystal, the liquid crystal molecules in the liquid crystal
layer filling up a space between the first and second electrodes
perform changing operation to have a second alignment
direction substantially in parallel to an extended direction of
the first or second electrode when potential difference is
generated between the first and second electrodes, the chang-
ing operation of the liquid crystal molecules includes a first
alignment step and a second alignment step in order, the
liquid crystal molecules change to have a third alignment
direction different from the first or second alignment direc-
tion in the first alignment step, and the liquid crystal mol-
ecules of the third alignment direction change to have the
second alignment direction in the second alignment step.

[0009] In yet other embodiments of the present invention,
liquid crystal display devices are provided. The liquid crystal
display devices include a first substrate; a second substrate
separated from and opposing the first substrate; a liquid crys-
tal layer between the first and second substrates; a common
electrode between the first substrate and the liquid crystal
layer and having a plate shape; and a pixel electrode between
the common electrode and the liquid crystal layer and having
a pattern for defining an opening part, wherein the liquid
crystal layer includes from about 1 to about 50 wt % of an
achiral smectic liquid crystal; and a remainder of a nematic
liquid crystal.

[0010] In further embodiments of the present invention,
liquid crystal display devices are provided. The liquid crystal
display devices include a first substrate; a second substrate
separated from and opposing the first substrate; a liquid crys-
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tal layer between the first and second substrates; a common
electrode between the first substrate and the liquid crystal
layer and having a plate shape; and a pixel electrode between
the common electrode and the liquid crystal layer and having
a pattern for defining an opening part, wherein the liquid
crystal layer includes from about 3 to about 50 wt % of a
smectic liquid crystal; and a remainder of a nematic liquid
crystal, and the smectic liquid crystal includes from about 70
to about 97 wt % of an achiral smectic liquid crystal; and from
about 3 to about 30 wt % of a chiral smectic liquid crystal.

[0011] In still further embodiments of the present inven-
tion, liquid crystal display devices are provided. The liquid
crystal display devices include a first substrate; a second
substrate separated from and opposing the first substrate; a
liquid crystal layer between the first and second substrates; a
common electrode between the first substrate and the liquid
crystal layer and having a first pattern; and a pixel electrode
between the first substrate and the liquid crystal layer and
having a second pattern not overlapping with the first pattern,
wherein the liquid crystal layer includes from about 1 to about
50 wt % of an achiral smectic liquid crystal; and a remainder
of a nematic liquid crystal.

[0012] In even further embodiments of the present inven-
tion, liquid crystal display devices are provided. The liquid
crystal display devices include a first substrate; a second
substrate separated from and opposing the first substrate; a
liquid crystal layer between the first and second substrates; a
common electrode between the first substrate and the liquid
crystal layer and having a first pattern; and a pixel electrode
between the first substrate and the liquid crystal layer and
having a second pattern not overlapping with the first pattern,
wherein the liquid crystal layer includes from about 3 to about
50 wt % of a smectic liquid crystal; and a remainder of a
nematic liquid crystal, wherein the smectic liquid crystal
includes from about 70 to about 97 wt % of an achiral smectic
liquid crystal; and from about 3 to about 30 wt % of a chiral
smectic liquid crystal.

Advantageous Effects

[0013] According to an embodiment of the present inven-
tion, a liquid crystal display device may include a liquid
crystal layer containing a nematic liquid crystal and an achiral
smectic liquid crystal. In addition, the liquid crystal layer
according to an embodiment of the present invention may
further include a chiral liquid crystal. In the liquid crystal
display device including the liquid crystal layer, the align-
ment uniformity and the stability of the liquid crystal mol-
ecules in the liquid crystal layer may be improved, and the
transmittance of the liquid crystal display device may be
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings are included to pro-
vide a complete understanding and assistance of the present
invention, and reference numerals are illustrated hereinafter.

[0015] FIG.1is a plan view for explaining a liquid crystal
display device according to an embodiment of the present
invention;

[0016] FIG. 2 is a cross-sectional view for explaining a
liquid crystal display device according to an embodiment of
the present invention;
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[0017] FIGS. 3A to 31 are plan views for explaining the
structures of first electrodes or second electrodes according to
exemplary embodiments of the present invention;

[0018] FIG. 4is a graph illustrating the electrical properties
of a liquid crystal layer according to an embodiment of the
present invention;

[0019] FIG. 5is a graph for comparing the transmittance of
the liquid crystal display devices of Comparative Example 1
and Examples 1 to 7,

[0020] FIG. 6A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 1
and the transmittance of the liquid crystal display devices of
Examples 1 to 7 according to the amount of an achiral com-
ponent in a liquid crystal layer;

[0021] FIG. 6B is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 1
and the transmittance of the liquid crystal display devices of
Examples 1 to 7 according to the amount of a chiral compo-
nent in a liquid crystal layer;

[0022] FIG. 7is a graph for comparing the response time of
the liquid crystal display devices of Comparative Example 1
and Examples 1 to 7,

[0023] FIG. 8 is a graph illustrating the rising time and the
falling time of the liquid crystal display device of Compara-
tive Example 1 and the rising time and the falling time of the
liquid crystal display devices of Examples 1 to 7 according to
the amount of an achiral component;

[0024] FIG. 9A is a graph illustrating the rising time of the
liquid crystal display devices of Comparative Example 1 and
Examples 1 to 7,

[0025] FIG. 9B is a graph illustrating the falling time of the
liquid crystal display devices of Comparative Example 1 and
Examples 1 to 7,

[0026] FIGS. 10A and 10B are white textures of the liquid
crystal display devices of Comparative Example 1 and
Bxamples 1 to 7,

[0027] FIGS. 11A to 11H are black textures of the liquid
crystal display devices of Comparative Example 1 and
Examples 1 to 7;

[0028] FIGS. 12A and 12B are graphs illustrating the grey
level of the textures of Comparative Example 1 and Examples
1to 7,

[0029] FIGS.13A and 13B are graphs illustrating the trans-
mittance of Comparative Example 1 and Examples 1 to 7
according to the distance of the textures;

[0030] FIGS. 14A, 15A and 16A are perspective views for
explaining a liquid crystal display device according to an
embodiment of the present invention;

[0031] FIGS. 14B, 15B and 16B are cross-sectional views
for explaining a liquid crystal display device according to an
embodiment of the present invention;

[0032] FIGS.14C,15C and 16C are plan views for explain-
ing a liquid crystal display device according to an embodi-
ment of the present invention;

[0033] FIGS. 17A and 17B are a plan view and a cross-
sectional view for explaining a liquid crystal display device
according to an embodiment of the present invention;
[0034] FIGS. 18A to 18F are plan views for explaining the
structures of first and second electrodes according to exem-
plary embodiments of the present invention;

[0035] FIG. 19 is a graph for comparing the transmittance
of the liquid crystal display devices of Comparative Example
2 and Examples 8 to 14;
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[0036] FIG.20A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 2
and the transmittance of the liquid crystal display devices of
Examples 8 to 14 according to the amount of an achiral
component in a liquid crystal layer;

[0037] FIG. 20B is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 2
and the transmittance of the liquid crystal display devices of
Examples 8 to 14 according to the amount of a chiral com-
ponent in a liquid crystal layer;

[0038] FIGS. 21A to 21H and 22A to 22H are textures of
the liquid crystal display devices of Comparative Example 2
and Examples 8§ to 14;

[0039] FIGS. 23A and 23B are graphs illustrating the grey
level of the textures of Comparative Example 2 and Examples
8to 14;

[0040] FIGS.24A and 24B are graphs illustrating the trans-
mittance of the textures of Comparative Example 2 and
Examples 8 to 14 according to distance;

[0041] FIGS. 25 and 26 are a plan view and a cross-sec-
tional view for explaining a liquid crystal display device
according to an embodiment of the present invention;

[0042] FIG. 27 is graph for comparing the transmittance of
the liquid crystal display devices of Comparative Example 3
and Examples 15 to 21 according to an applied voltage;
[0043] FIG. 28A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 3
and the transmittance of the liquid crystal display devices of
Examples 15 to 21 according to the amount of an achiral
component in a liquid crystal layer;

[0044] FIG. 28B is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 3
and the transmittance of the liquid crystal display devices of
Examples 15 to 21 according to the amount of a chiral com-
ponent in a liquid crystal layer;

[0045] FIG.29A isa graph for comparing the response time
of the liquid crystal display devices of Comparative Example
3 and Examples 15 to 21;

[0046] FIG. 29B is a graph illustrating the rising time and
the falling time of the liquid crystal display device of Com-
parative Example 3 and the rising time and the falling time of
the liquid crystal display devices of Examples 15 to 21
according to the amount of an achiral component;

[0047] FIG.29C isa graphillustrating the rising time of the
liquid crystal display devices of Comparative Example 3 and
Examples 15 to 21;

[0048] FIG. 29D is a graph illustrating the falling time of
the liquid crystal display devices of Comparative Example 3
and Examples 15 to 21 according to an applied voltage;
[0049] FIGS. 30A to 30H and 31A to 31H are textures of
the liquid crystal display devices of Comparative Example 3
and Examples 15 to 21;

[0050] FIGS.32A and 32B are graphs illustrating the trans-
mittance of the textures of Comparative Example 3 and
Examples 15 to 21 according to distance;

[0051] FIGS.33A and 33B are graphs illustrating the trans-
mittance of the textures of Comparative Example 3 and
Examples 15 to 21 according to distance;

[0052] FIGS. 34 and 35 are a plan view and a cross-sec-
tional view for explaining a liquid crystal display device
according to an embodiment of the present invention;

[0053] FIG. 36 is a graph for comparing the transmittance
of the liquid crystal display devices of Comparative Example
4 and Examples 22 to 28 according to an applied voltage;
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[0054] FIG. 37A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 4
and the transmittance of the liquid crystal display devices of
Examples 22 to 28 according to the amount of an achiral
component in a liquid crystal layer;

[0055] FIG. 37B is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 4
and the transmittance of the liquid crystal display devices of
Examples 22 to 28 according to the amount of a chiral com-
ponent in a liquid crystal layer;

[0056] FIG. 38A isa graph for comparing the response time
of the liquid crystal display devices of Comparative Example
4 and Examples 22 to 28;

[0057] FIG. 38B is a graph illustrating the rising time and
the falling time of the liquid crystal display device of Com-
parative Example 4 and the rising time and the falling time of
the liquid crystal display devices of Examples 22 to 28
according to the amount of an achiral component;

[0058] FIG. 38C isa graph illustrating the rising time of the
liquid crystal display devices of Comparative Example 4 and
Examples 22 to 28;

[0059] FIG. 39D is a graph illustrating the falling time of
the liquid crystal display devices of Comparative Example 4
and Examples 22 to 28 according to an applied voltage;
[0060] FIGS. 39A to 39H and 40A to 40H are textures of
the liquid crystal display devices of Comparative Example 4
and Examples 22 to 28;

[0061] FIGS. 41A and 41B are graphs illustrating the trans-
mittance of the textures of Comparative Example 4 and
Examples 22 to 28 according to distance; and

[0062] FIGS.42A and 42B are graphs illustrating the trans-
mittance of the textures of Comparative Example 4 and
Examples 22 to 28 according to distance.

MODE FOR CARRYING OUT THE INVENTION

[0063] Preferred embodiments of the present invention will
be described below in more detail with reference to the
accompanying drawings for the sufficient understanding of
the configuration and effects of the present invention. The
present invention may, however, be embodied in different
forms and should not be constructed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled in the art. A person skilled in the art will under-
stand an appropriate environment for performing the concept
of the present invention.

[0064] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to limit the present inventive concept. As used
herein, the singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, steps, operations, and/or devices,
but do not preclude the presence or addition of one or more
other features, steps, operations, and/or devices thereof.
[0065] Itwill also be understood that when a layer (or film)
is referred to as being ‘on’ another layer (or film) or substrate,
it can be directly on the other layer (or film) or substrate, or a
third layer (or films) may also be present.

[0066] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
regions, layers (or films), etc. these regions and layers should
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not be limited by these terms. These terms are only used to
distinguish one region or layer (or film) from another region
or layer (or film). Thus, a first layer discussed below could be
termed a second layer. Example embodiments embodied and
described herein may include complementary example
embodiments thereof. Like reference numerals refer to like
elements throughout.

[0067] Unless otherwise defined, all terms used herein have
the same meaning as commonly understood by one of ordi-
nary skill in the art to which this inventive concept belongs.
[0068] Hereinafter, it will be described about exemplary
embodiments of the present invention in conjunction with the
accompanying drawings.

[0069] [[Liquid Crystal Display Device in PVA Mode]]
[0070] FIGS.1 and 2 are a plan view and a cross-sectional
view for explaining a liquid crystal display device according
to an embodiment of the present invention.

[0071] Referring to FIGS. 1 and 2, a liquid crystal display
device may include a first display plate 100, a second display
plate 200 separated from and opposing the first display plate
100, and a liquid crystal layer 300 disposed between the first
and second display plates 100 and 200. In addition, the liquid
crystal display device may further include a first polarization
plate 400 and a second polarization plate 450 having a trans-
mission axis perpendicular to the transmission axis of the first
polarization plate 400.

[0072] The first display plate 100 may include a first sub-
strate 110, a thin film transistor TFT and a first electrode 130.
The first substrate 110 may include a transparent insulating
material such as glass.

[0073] The thin film transistor may be disposed at one side
of the first substrate 110. The thin film transistor TFT may
include a gate electrode 112, a gate insulating layer 114, a
semiconductor 116, a source electrode 122 and a drain elec-
trode 124 stacked one by one. The gate electrode 112 may be
a single layer or a multilayer including a metal or a metal
alloy, and the gate insulating layer 114 may include silicon
oxide, silicon nitride or silicon oxynitride. The intrinsic semi-
conductor 116 may include amorphous silicon. The source
electrode 122 and the drain electrode 124 may be separately
disposed to face to each other on the intrinsic semiconductor
116. In the intrinsic semiconductor 116 between the source
electrode 122 and the drain electrode 124, the channel of the
thin film transistor TFT may be formed. The source electrode
122 may be electrically connected to a data line DL and may
receive a data voltage from the data line DL. The drain elec-
trode 124 may be electrically connected to the first electrode
130.

[0074] According to an aspect, the thin film transistor TFT
may further include ohmic contact members 118 and 120
disposed between the intrinsic semiconductor 116 and the
source and drain electrodes 122 and 124. The ohmic contact
members 118 and 120 may include silicide, n* hydrogenated
amorphous silicon heavily doped with n-type impurities, or
the like.

[0075] On the thin film transistor TFT, a first insulation
layer 126 having a first contact hole 128 may be formed. The
first insulation layer 126 may include an inorganic insulation
material such as silicon oxide, silicon nitride, silicon oxyni-
tride, etc. or an organic insulation material such as a resin, etc.
The contact hole 128 may expose the top surface of the drain
electrode 124.

[0076] On the firstinsulation layer 126, a first electrode 130
may be formed. The first electrode 130 may be a pixel elec-
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trode. The first electrode 130 may make an electrical connec-
tion with the drain electrode via the contact hole. The first
electrode 130 may be applied with a data voltage from the
drain electrode. The first electrode 130 may include a trans-
parent conductive material such as indium tin oxide (ITO) or
indium zinc oxide (IZ0).

[0077] According to an embodiment of the present inven-
tion, the first electrode 130 may include a domain division
element, for example, first slits 1324 and 1325. The first slits
1324 and 1325 correspond to removed parts of the first elec-
trode 130, and the first electrode 130 may have a pattern.
When a voltage is applied to the first electrode 130 and the
second electrode 230, an electric field is generated between
the first and second electrodes 130 and 230, and the electric
field may not be formed in a vertical direction with respect to
the surface of the first substrate 110 but may be formed in a
slanted direction having both a vertical component and a
horizontal component due to the first slits 132a¢ and 1326.
According to another embodiment of the present invention,
the domain division element may be formed on the first elec-
trode 130 and may have an extruded shape in a direction from
the first electrode 130 to the liquid crystal layer 300.

[0078] According to the structures of the first slits 132a and
1325, the first electrode 130 may have diverse structures. The
first slits 132a and 1325 of the first electrode 130 will be
explained in detail below.

[0079] According to another embodiment of the present
invention, the first display plate 100 may further include a first
alignment layer 140 between the first electrode 130 and the
liquid crystal layer 300. The first alignment layer 140 may
pre-tilt liquid crystal molecules in the liquid crystal layer 300
in one direction. According to an embodiment, the first align-
ment layer 140 may include at least one selected from the
group consisting of polyamic acid, polyimide, lecithin, nylon
and polyvinyl alcohol (PVA). According to another embodi-
ment, the first alignment layer 140 may further include a
reactive mesogen material.

[0080] The first polarization plate 400 may be disposed on
the other side of the first substrate 110. The other side of the
first substrate 110 may be a side corresponding to the one
side.

[0081] The second display plate 200 may include a second
substrate 210 and a second electrode 230. The second sub-
strate 210 may include a transparent insulation material such
as glass.

[0082] The second electrode 230 may be disposed on one
side of the second substrate 210, and the one side of the
second substrate 210 may be a side opposing the first display
plate 100. The second electrode 230 may be a common elec-
trode. The second electrode 230 may include a transparent
material such as ITO, IZO, etc.

[0083] According to an embodiment of the present inven-
tion, the second electrode 230 may include a domain division
element, for example, second slits 232a and 2325. The second
slits 2324 and 2325 correspond to removed parts of the sec-
ond electrode 230, and the second electrode 230 may have a
pattern. When a voltage is applied to the first electrode 130
and the second electrode 230, an electric field may be gener-
ated between the first and second electrodes 130 and 230, and
the electric field may not be formed in a vertical direction with
respect to the surface of the second substrate 210 but may be
formed in a slanted direction having both a vertical compo-
nent and a horizontal component due to the second slits 2324
and 232b. According to another embodiment of the present
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invention, the domain division element may be formed on the
second electrode 230 and may have an extruded shape in a
direction from the second electrode 230 to the liquid crystal
layer 300.

[0084] According to the structures of the second slits 232a
and 2326, the second electrode 230 may have diverse struc-
tures. The second slits 2324 and 2325 of the second electrode
230 will be explained in detail below.

[0085] According to exemplary embodiments of the
present invention, the liquid crystal display device may be a
liquid crystal display device in a patterned vertical alignment
(PVA) mode. Thus, the first electrode 130 having the first slits
1324 and 1324 and the second electrode 230 having the
second slits 232a and 2325 may face to each other, however
the first slits 132¢ and 1325 and the second slits 2324 and
232h may not face to each other. For example, the first elec-
trode 130 having the first slits 1324 and 1325 and the second
electrode 230 having the second slits 232a and 2325 may have
substantially the same structure, and the first and second
electrodes 130 and 230 may be disposed so that the first slits
1324 and 1325 and the second slits 2324 and 2325 may not
face to each other. Alternatively, the first and second elec-
trodes 130 and 230 may have different structures, and the first
slits 132a and 1325 of the first electrode 130 and the second
slits 232a and 2326 of the second electrode 230 may not face
to each other. In addition, the first slits 132a and 1325 and the
second slits 232a and 2325 may not be substantially over-
lapped and may be separated when seen from plane. The first
slits 132a and 1325 and the second slits 2324 and 2325 may
be alternately formed when seen from plane.

[0086] According to exemplary embodiments of the
present invention, slanted electric field may be formed
between the first and second electrodes 130 and 230 when a
voltage is applied due to the first slits 1324 and 1325 and the
second slits 232a and 2325 of the first and second electrodes
130 and 230 as described above. Therefore, multi-domains
D1 to D4 may be formed in one pixel. Referring to FIG. 1,
liquid crystal molecules may be aligned in four directions,
and four domains D1 to D4 may be formed in one pixel.
However, the domain number formed in one pixel will not be
limited thereto in the present invention.

[0087] According to an embodiment, the second display
plate 200 may further include a color filter 212. The color
filter 212 may be disposed between the second substrate 210
and the second electrode 230. In addition, a shielding member
214 may be disposed on one side of the second substrate 210,
and the color filter 212 may be formed in each area defined by
the shielding member 214. The color filter 212 may be pas-
sivated by the second insulation layer 216. In this embodi-
ment, the color filter 212 is explained to be disposed on the
second display plate 200; however the color filter 212 may be
disposed on the first display plate 100. However, the position
of the color filter 212 is not limited in the present invention.
[0088] According to another embodiment of the present
invention, the second display plate 200 may further include a
second alignment layer 240 between the second electrode 230
and the liquid crystal layer 300. The second alignment layer
240 may pre-tilt the liquid crystal molecules in the liquid
crystal layer 300 in one direction. According to an embodi-
ment, the second alignment layer 240 may include at least one
selected from the group consisting of polyamic acid, polyim-
ide, lecithin, nylon and PVA. According to another embodi-
ment, the second alignment layer 240 may further include a
reactive mesogen material.
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[0089] The second polarization plate 450 may be disposed
ontheother side of the second substrate 210. The other side of
the second substrate 210 may be a side corresponding to the
one side. The second polarization plate 450 may penetrate
linearly polarized light vibrating in a vertical direction among
lights penetrated through the first polarization plate 400.
[0090] The liquid crystal layer 300 may fill up a space
between the first and second display plates 100 and 200.
According to an embodiment, the liquid crystal layer 300 may
include a nematic liquid crystal and an achiral smectic liquid
crystal. According to another embodiment, the liquid crystal
layer 300 may include a nematic liquid crystal and a smectic
liquid crystal. The liquid crystal layer 300 will be explained in
detail hereinafter.

[0091] According to an embodiment of the present inven-
tion, the liquid crystal display device may further include an
optical compensation film 430. The optical compensation
film 430 may be disposed between the second polarization
plate 450 and the second substrate 210. When the liquid
crystal molecules maintain a vertically aligned state, the
polarization axes of the first polarization plate 400 and the
second polarization plate 450 may cross at right angles when
observed from a front side, and light leakage may not be
generated, however polarization angles formed by the polar-
ization axes of the first and second polarization plates 400 and
450 may increase, and light leakage may be generated when
seen from a side. To compensate the light leakage, the optical
compensation film 430 such as a biaxial film or a uniaxial film
may be disposed.

[0092] As described above, since the liquid crystal layer
300 of the liquid crystal display device in the PVA mode
includes a ferroelectric liquid crystal together with the nem-
atic liquid crystal, the alignment of the liquid crystal layer
may become uniform, and the stability of the alignment may
be improved. Thus, the luminance of the liquid crystal display
device including the liquid crystal layer 300 may be
improved. In addition, since at least one of the first and second
alignment layers 140 and 240 further includes the reactive
mesogen material, the alignment rate and the alignment angle
of the liquid crystal molecules in the liquid crystal layer 300
may be increased, thereby improving optical properties.
[0093] Hereinafter, the structures of the first and second
electrodes 130 and 230 will be explained in detail.

[0094] The structures of the electrode will be explained
with the first electrode 130 as a typical embodiment; however
the second electrode 230 may have one of the following
structures of the electrode. As described above, if the first slits
1324 and 1325 and the second slits 232a and 2325 are not face
to each other, the strictures of the first and second electrodes
may be the same or different, and the structure thereof may be
changed diversely.

[0095] FIGS. 3A to 31 are plan views for explaining the
structures of the first and second electrodes 130 and 230
according to exemplary embodiments of the present inven-
tion.

[0096] Referring to FIG. 3A, the first electrode 130 may
have a Chevron pattern. The first slits 132« and 1325 of the
first electrode 130 may have a V-shape and may have a con-
nected structure of a first line 132a extended in a first direc-
tion D1 and a second line 1325 extended in a second direction
D2 crossing the first direction D1.

[0097] Referring to FIG. 3B, the first electrode 130 may
have a modified Chevron pattern. The structure of the first
slits 132a and 1325 may be similar to that illustrated in FIG.
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3A, however may have a structure in which the middle part of
the first line 1324 is cut by the first electrode 130 and the
middle part of the second line 1325 is cut by the first electrode
130.

[0098] Referring to FIG. 3C, the first electrode 130 may
have an X-shape pattern. The structure of the first slits 132a
and 132 may include a first line 1324 extended in a first
direction D1 and a second line 1324 extended in a second
direction D2 crossing the first direction D1. Different from
FIG. 3A, the first and second lines 132a and 1324 are not
connected to each other.

[0099] Referring to FIG. 3D, the first electrode 130 may
have a stripe pattern. The structure of the first slit 132 may
have a shape including lines extended in one direction and
provided repeatedly and in parallel to each other.

[0100] Referring to FIG. 3E, the first electrode 130 may
have a lattice pattern. The structure of the first slits 132a and
1326 may be a connected structure of a first line 1324
extended in a first direction D1 and a second line 1325
extended in a second direction D2 perpendicular to the first
direction D1.

[0101] Referring to FIG. 3F, the first electrode 130 may
include square patterns, and each square pattern may include
four triangles divided by the diagonals of the square pattern.
The structure of first slits 132a, 1326 and 132¢ may divide the
square pattern and may divide the four triangles in the square
pattern. More particularly, the first slits 132a, 1325 and 132¢
may include a first line 132« extended in a first direction D1,
a second line 1325 extended in a second direction D2 differ-
ent from the first direction D1 and a third line 132¢ extended
in a third direction D3 crossing the second direction D2. The
first and second lines 1324 and 1325 may make connection to
each other, and the first and third lines 132a and 132¢ may
make connection to each other.

[0102] Referring to FIG. 3G, the first electrode 130 may
include square patterns, and each square pattern may include
two triangles divided by the diagonal of the square pattern.
The structure of first slits 132a and 1326 may divide the
square pattern and the two triangles in the square pattern.
More particularly, the first slit may include a first line 1324
extended in a first direction D1 and a second line 1325
extended in a second direction D2 different from the first
direction D1. The first and second lines 1324 and 1325 may be
connected to each other.

[0103] Referring to FIG. 3H, the first electrode 130 may
have square patterns and a circular first slit 132q in the square
pattern. The first slit 1324 in the square pattern is illustrated as
a circle in FIG. 3H; however the first slit 1324 may include a
polygon. In addition, the first slit may further include a struc-
ture 1325 dividing the square patterns.

[0104] Referring to FIG. 31, the first electrode 130 may
include a plurality of first slits 132 having a circular shape.
The first slits 132 may be separated by the same distance and
may be disposed in rows and columns. The first slits 132 in
FIG. 31 are illustrated as circles, however the first slits 132
may have a polygon.

[0105] Hereinafter, the liquid crystal layer will be
explained in detail.

First Embodiment of Liquid Crystal Layer

[0106] A liquid crystal layer according to exemplary
embodiments of the present invention may include a nematic
liquid crystal and an achiral smectic liquid crystal.
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[0107] Theliquid crystal layer may include from about 1 wt
% to about 50 wt % of the achiral smectic liquid crystal and
from about 50 wt % to about 99 wt % of the nematic liquid
crystal. When the achiral smectic liquid crystal is less than or
equal to about 1 wt % of the total amount of the liquid crystal
layer, the liquid crystal alignment of the liquid crystal layer
may become unstable. In addition, when the amount of the
achiral smectic liquid crystal exceeds about 50 wt % of the
total amount of the liquid crystal layer, the viscosity of the
liquid crystal layer may increase, and the response time of a
display apparatus including the liquid crystal layer may be
decreased. More preferably, the liquid crystal layer may
include from about 1 wt % to about 35 wt % of the achiral
smectic liquid crystal.

[0108] According to an embodiment, the amount of the
achiral smectic liquid crystal in the liquid crystal layer may be
determined by the viscosity of the achiral smectic liquid
crystal. When the viscosity of the achiral smectic liquid crys-
tal is low, the amount of the achiral smectic liquid crystal in
the liquid crystal layer may be greater than or equal to about
50 wt %. Meanwhile, in the case that the viscosity of the
achiral smectic liquid crystal is high, the amount thereof may
preferably be maintained to less than or equal to about 35 wt
% in consideration of the total viscosity of the liquid crystal
layer.

[0109] According to an embodiment, the nematic liquid
crystal may include a negative nematic liquid crystal. Accord-
ing to another embodiment, the nematic liquid crystal may
include a negative nematic liquid crystal and a positive nem-
atic liquid crystal. The positive nematic liquid crystal may be
about 10 wt % of the nematic liquid crystal.

[0110] Hereinafter, exemplary materials of the nematic lig-
uid crystal and the achiral smectic liquid crystal will be
explained. However, the nematic liquid crystal and the achiral
smectic liquid crystal of the present invention will not be
limited to the following exemplary materials.

[0111] First, the properties of the nematic liquid crystal will
be explained in brief, and exemplary materials of the negative
nematic liquid crystal and the positive nematic liquid crystal
will be classified.

[0112] The nematic liquid crystal is called a liquid crystal
in which the longitudinal axes of thin and long liquid crystal
molecules are directed in a certain direction even though the
positions thereof are random. Each molecule of the nematic
liquid crystal may freely move in the longitudinal axis direc-
tion thereof, and the molecules of the nematic liquid crystal
may have small viscosity and may be liable to flow. Since the
directions of the upper portion and the lower portion of the
nematic molecules are substantially the same, the polarity
may be offset, and ferroelectric properties are not exhibited in
general. The physical properties are very different in the axis
direction of the nematic liquid crystal and the perpendicular
direction thereof. Thus, the nematic liquid crystal is a material
having an optical anisotropy. When the difference (A€) of the
dielectric anisotropy of which axis direction is in parallel and
the dielectric anisotropy of which axis direction is perpen-
dicular is less than 0, the nematic liquid crystal is called the
negative nematic liquid crystal, while being called the posi-
tive nematic liquid crystal when the difference is greater than
0.

[0113] Negative Nematic Liquid Crystal

[0114] According to an embodiment, the negative nematic
liquid crystal may include nematic liquid crystal molecules
having negative dielectric anisotropy. In an aspect, the nem-
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atic liquid crystal molecules having negative dielectric
anisotropy may be a single kind. In another aspect, the nem-
atic liquid crystal molecules having negative dielectric
anisotropy may be a mixture of different kinds. For example,
the nematic liquid crystal molecules having negative dielec-
tric anisotropy may include liquid crystal molecules having
first dielectric anisotropy and liquid crystal molecules having
second dielectric anisotropy. In this case, the second dielec-
tric anisotropy and the first dielectric anisotropy may be dif-
ferent. At least one of the first dielectric anisotropy and the
second dielectric anisotropy may have dielectric anisotropy
of negative anisotropy. The nematic liquid crystal molecules
including the liquid crystal molecules having the first dielec-
tric anisotropy and the liquid crystal molecules having the
second dielectric anisotropy may be satisfied only when the
total dielectric anisotropy thereof have the negative dielectric
anisotropy.

[0115] According to another embodiment, the negative
nematic liquid crystal may include nematic liquid crystal
molecules having negative dielectric anisotropy and base lig-
uid crystal molecules. The base liquid crystal molecules may
include at least one selected from the group consisting of
liquid crystal molecules having negative dielectric anisot-
ropy, liquid crystal molecules having positive dielectric
anisotropy, neutral liquid crystal molecules, chiral liquid
crystal molecules and achiral liquid crystal molecules. In an
aspect, the negative nematic liquid crystal may include nem-
atic liquid crystal molecules having one kind of the liquid
crystal molecules having diverse dielectric anisotropies and
the base liquid crystal molecules. In another aspect, the nega-
tive nematic liquid crystal may include liquid crystal mol-
ecules having various kinds of liquid crystal molecules hav-
ing negative dielectric anisotropy and the base liquid crystal
molecules.

[0116] Hereinafter, exemplary materials of the negative
nematic liquid crystal will be explained. The following mate-
rials may be used alone or as a mixture.

[0117] The negative nematic liquid crystal may include a
halogen group, a cyanide group or an isocyanate group nem-
atic liquid crystal. The negative nematic liquid crystal may
use the halogen group, the cyanide group or the isocyanate
group nematic liquid crystal alone or as a mixture thereof. As
described above, the negative nematic liquid crystal may
further include the base liquid crystal molecules.

[0118] The halogen group negative nematic liquid crystal
may include a fluorine group, a chlorine group, a bromine
group material, etc. and may have a monocyclic structure or a
polycyclic structure.

[0119] The halogen group negative nematic liquid crystal
of a dicyclic structure may be represented by the following
Formulae 1 and 2.

Formula 1
F Ll
LZ
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Formula 2
Ll
R X
LZ

[0120] In Formulae 1 and 2, R may be alkyl or alkoxy
having 1 to 15 carbon atoms (where hydrogen may be sub-
stituted with CN, CF; or halogen, and a —CH,— group may
be substituted with —CH=CH—, —O— —CO—,
—C00—, —00C—, —0—0C—0— or —S8—), X is
independently halogen, halogenated alkyl, halogenated
alkoxy, halogenated alkeny! or halogenated oxy having 1 to
15 carbon atoms, and L' and [.? are independently hydrogen
or halogen.

[0121] The halogen group negative nematic liquid crystal
having a tricyclic structure may be represented by the follow-
ing Formulae 3 to 6.

Formula 3
13 !
L 12
Formula 4
L
L2
Formula 5
L
0
L2

Formula 6
L
0
-O-Or
0
L2

[0122] In Formulae 3 to 6, R, L' and [.? are the same as
defined in the above Formulae 1 and 2, [*> and L* are inde-
pendently hydrogen or halogen, 7 is a single bond,
—CF,0—  —0CF,—,  —C00—  —0—CO—,
—CH,CH,—, —CH=—CH—, —C=(C—, —CH,0—,
—(CH,)4—, CF—=CF—, —CH—CF— or —CF—CH—.
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[0123] The halogen group negative nematic liquid crystal
having a tetracyclic structure may be represented by the fol-
lowing Formulae 7 to 9.

Formula 7
Yy
Formula 8
R! R?
e
Formula 9

[0124] In Formulae 7 to 9,Y represents hydrogen or halo-
gen, R! represents alkyl or alkenyl having 1 to 15 carbon
atoms, R? represents alkyl, alkeny] or alkoxy having 1 to 15
carbon atoms (In R' and R?, hydrogen may be substituted
with CN, CF, or a halogen atom, and CH, may be substituted
with —O0—, —S—, —(=C—, —CH=CH—, —0C—
O— or —O—CO—), Z is a single bond, —CF,0—,

—OCF,—, —CO0O0—, —0—CO—, —CH,CH,—,
—CH=CH—, —(C=C—, —CH,0— —(CHy,—,
CF—CF—, —CH—CF— or —CF—CH—.

[0125] The halogen group negative nematic liquid crystal

includes a fluorinated indane derivative and may be repre-
sented by the following Formula 10.

Formula 10

CmHZrnH n

[0126] Inthe above Formula, m represents an integer, and n
isOor 1.
[0127] The cyanide group negative nematic liquid crystal

may be represented by the following Formulae 11 to 13.

Ll
R34Q24©§7CN
LZ

Formula 11
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-continued

Ll
LZ
1!
O
e .
O
LZ

[0128] InFormulae 11 to 13, R? is an alkyl group having 1
to 15 carbon atoms (where hydrogen may be unsubstituted or
at least monosubstituted with CN, CF; or halogen, and a CH,
group may be substituted with —O—, —S—, —C=C—,
—CH=CH—, —OC—0— or —O—CO—), L' and [* are
independently hydrogen or halogen, and Z is a single bond,
—CF,0—  —OCF,—,  —C00—  —0—C0—,

-~ CH,CH,, —CH—CH, —(C=C—, —CHO0,
—(CH,),—, CF—CF—, —CH—CF— or —CF—CH .

[0129] The negative nematic liquid crystal may be a single
material or a mixture. According to exemplary embodiments,
the negative nematic liquid crystal mixture may include:

[0130] (a) a liquid crystal component A including at least
one compound having dielectric anisotropy of less than about
-1.5;

[0131] (b) a liquid crystal component B including at least
one compound having dielectric anisotropy from about -1.5
to about +1.5; and

[0132]

[0133] Theliquid crystal component A may include at least
one compound of the following Formulae 14 to 17.

Formula 12

Formula 13

(c) a chiral component C.

Formula 14
F F
Formula 15
F F F F
Formula 16
F F F F
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-continued
Formula 17
F F F

[0134] Theliquid crystal component B may include at least
one compound of the following Formulae 18 to 20. The liquid
crystal component B may be the above-described first base
liquid crystal molecules.

Formula 19

Formula 20

Yl

[0135] In Formulae 18 to 20, R* and R? are independently
alkyl, alkoxy, alkoxyalkyl, alkenyl or alkenyloxy having 1 to
15 carbon atoms (where hydrogen may be substituted with
CN, CF, orhalogen, and a—CH,— group may be substituted
with—CH—CH—, —O—,—CO—,—COO—, —00C—,
—0—0C—0— or —S—), and Y' represents hydrogen or
halogen.

[0136] Examples of the chiral component C may include a
plurality of chiral dopants as follows. The selection of the
chiral dopant is not significant per se.

Formula 18

R4
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[0137] Positive Nematic Liquid Crystal

[0138] According to an embodiment, the positive nematic
liquid crystal may include nematic liquid crystal molecules
having positive dielectric anisotropy. In an aspect, the nem-
atic liquid crystal molecules having positive dielectric anisot-
ropy may be a single kind. In another aspect, the nematic
liquid crystal molecules having positive dielectric anisotropy
may be a mixture of different kinds. For example, the nematic
liquid crystal molecules having positive dielectric anisotropy
may include liquid crystal molecules having first dielectric
anisotropy and liquid crystal molecules having second dielec-
tric anisotropy. In this case, the second dielectric anisotropy
and the first dielectric anisotropy may be different. At least
one of the first dielectric anisotropy and the second dielectric
anisotropy may have dielectric anisotropy of positive anisot-
ropy. The nematic liquid crystal molecules including the lig-
uid crystal molecules having the first dielectric anisotropy
and the liquid crystal molecules having the second dielectric
anisotropy may be satisfied only when the total dielectric
anisotropy thereof has the positive dielectric anisotropy.
[0139] According to another embodiment, the positive
nematic liquid crystal may include the nematic liquid crystal
molecules having positive dielectric anisotropy and base lig-
uid crystal molecules. The base liquid crystal molecules may
include at least one selected from the group consisting of
liquid crystal molecules having negative dielectric anisot-
ropy, liquid crystal molecules having positive dielectric
anisotropy, neutral liquid crystal molecules, chiral liquid
crystal molecules and achiral liquid crystal molecules. In an
aspect, the positive nematic liquid crystal may include nem-
atic liquid crystal molecules having one kind of positive
dielectric anisotropy and base molecules. In another aspect,
the positive nematic liquid crystal may include liquid crystal
molecules having various kinds of liquid crystal molecules
having positive dielectric anisotropy and the base liquid crys-
tal molecules.

[0140] Hereinafter, exemplary materials of the positive
nematic liquid crystal will be explained. The following mate-
rials may be used alone or as a mixture.

[0141] The positive nematic liquid crystal may include a
cyanide group, an isocyanate group or a halogen group posi-
tive nematic liquid crystal. The positive nematic liquid crystal
may use the cyanide group, the isocyanate group or the halo-
gen group positive nematic liquid crystal alone or as a mixture
thereof. As described above, the positive nematic liquid crys-
tal may further include second base liquid crystal molecules.
[0142] The cyanide group positive nematic liquid crystal
may have a dicyclic structure or a tricyclic structure.

[0143] The cyanide group nematic liquid crystal of the
dicyclic structure may be represented by the following For-
mula 21.

[0144] InFormula 21, R® is alkenyl having 1 to 15 carbon
atoms (where hydrogen may be substituted with CN, CF; or
halogen, and a—CH,— group may be optionally substituted
with—CH=CH—, —0—,—C0—,—CO0—,—00C—,
—0—0C—0— or —S—). Particular examples of Formula
21 are illustrated as follows.

Formula 21
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[0145] InFormula21, R”is H, CH,, C,H; or n-C,H,,.

[0146] The positive nematic liquid crystal having the tricy-
clic structure may be represented by the following Formula
22.

Formula 22
Ll
L?.

[0147] As defined in the above Formulae 11 to 13, R* may
be an alkyl group having at most 15 carbon atoms unsubsti-
tuted or at least monosubstituted with CN, CF; or halogen,
where at least one CH, of the alkyl group may be substituted
with —O—, —S8— —(=C—, —CH—CH—, —0C—
O— or—O0—CO—, and L" and L* are independently hydro-
gen or halogen.

[0148] Theisocyanate group positive nematicliquid crystal
may be represented by the following Formula 23.

T
RS@A_BQNCS
Xl

[0149] InFormula23,R*is C,H,,,0,CH,,,,orC,H, |,
wherenis 1to 15, Ais

B is —CH,—CH,— or —C=C—, X" is hydrogen or halo-
gen, and mis 1, 2, 3 or 4. Particular examples of Formula 23
are illustrated as follows.

F
C3H7 @_QCHZCHZ O -

10
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NCS

C3Ry

C3R74<:>7CH2CH2

:< F

F
CHZCHZQNCS

T

[0150] The halogen group positive nematic liquid crystal
may include a fluorine group or a chlorine group material, and
may have a monocyclic structure or a polycyclic structure.
The fluorine group positive nematic liquid crystal may be
represented by the following Formulae 24 to 27.

Formula 24

Ll

J{:L
)

L3
(0]
v Q O
14
L3
O O
¢ 4<:>_<: ’
O
L4
13
O O
¢ { ’
O
L4
L3
0]
. { O Q ’
O
L4

[0151] In Formulae 24 to 27, R® and R'“ are alkyl, alkoxy,
fluorinated alkyl, fluorinated alkoxy, alkenyl, alkenyloxy,
alkoxyalkyl or fluorinated alkenyl having 1 to 15 carbon
atoms, [.2*, 1?2, L** and .** are independently hydrogen or
fluorine, and Z represents a single bond, —CF,0—,

L2
Formula 25

Ll

6}

L2
Formula 26

1!

o

LZ
Formula 27

Ll

x?

&

L2

—OCF,—, —C00—, —0—CO—, —CH,CH,—,
~CH—CH, —C=C—, —CH0, —(CH), .
CF—CF—, —CH—CF— or —CF—=CH—.

[0152] Thehalogen group positive nematic liquid crystal of

the dicyclic structure may be represented by the following
Formula 28.
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Formula 28
1? 17

L8 L6

[0153] InFormula 28, R'! represents hydrogen, halogen, or
alkenyl, alkenyloxy, alkynyl or alkynoxy having 1 to 15 car-
bon atoms, where at least one of —CH,— groups in R** may
be substituted with—O—, C—0 or —S—, L* is halogen, or
fluorinated alkyl, fluorinated alkoxy, fluorinated alkenyl, alk-
enyloxy or oxyalkyl having 1 to 15 carbon atoms, —OCEF;,
—OCHFCF, or SF., L%, L7, L® and L® are independently
hydrogen (H) or halogen, and 7. is a single bond, —CF,0—,
—OCF,—, —C00—, —0—CO—, —CH,CH,—,
—CH=—CH—, —(=(C— —CH,0—, —(CH,).—,
CF=CF—, —CH=CF— or —CF=CH—. Particular
examples of Formula 28 are illustrated as follows.

I
CnHZ”“‘GC;? '
F
CnH2n+14OQ7 F
F
CnHanAG@i h
F
CnHznﬂw :
I
CnH2n+14GQ7 )
F
CnH2n+l '

[0154]

[0155] Thehalogen group positive nematic liquid crystal of
the tricyclic structure may be represented by the following
Formulae 29 to 33.

In the above Formulae, nis 1 to 15.

Dec. 24,2015

Formula 29

X3

Formula 30

RIZ X3

;&

Formula 31
F F
Formula 32
F
Formula 33
R2 X3

m ]
m l

[0156] InFormulae 29 to 33, R'* is alkyl or alkenyl having
1 to 15 carbon atoms (where the alkyl or the alkenyl may be
unsubstituted or at least monosubstituted with CN, CF; or
halogen, at least one of —CH,— groups may be substituted
with—0—),X?is—F,—Cl,—OCF,, —OCHF,, —OCH,F
or—CF;. Particular examples of Formula 29 are illustrated as
follows.

0—CF;

OO
OO0

Cl

[0157] Here, R'? is the same as defined above.

[0158] Thehalogen group positive nematic liquid crystal of
the tetracyclic structure may be represented by the following
Formulae 34 to 36.
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Formula 34
F F
0 0
6}
F F
Formula 35
F F
0}
F F
Formula 36

T
F

[0159] In Formulae 34 to 36, R*? is independently alkyl,
alkoxy or alkenyl having 1 to 15 carbon atoms (where the
alkyl, the alkoxy or the alkenyl may be substituted with CN,
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CF, or halogen, and a —CH,— group may be substituted
with—CH—CH—, —O—, —CO—, —CO0O—, —00C—,
—0—0C—0— or —S—), and 7 may be a single bond,
—CF,0—  —0OCF,—, —C00—  —0—CO—,
—CH,CH,—, —CH=—CH—, —(C=C—, —CH,0—,
—(CH,)4—, CF—=CF—, —CH—CF— or —CF—CH—.
[0160] The positive nematic liquid crystal including three
substituted fluorine groups or cyanide groups may be repre-
sented by the following Formula 37.

Formula 37
F
F

[0161] InFormula 37, at least one of two R** and R'* may
be an alkenyl group having at most 15 carbon atoms and
unsubstituted or at least monosubstituted with CN, CF; or
halogen, and the remainder thereof may be an alkyl group
having at most 15 carbon atoms and unsubstituted or at least
monosubstituted with CN, CF; or halogen, where at least one
of CH, groups in R** and R'® may be replaced with —O—,
—8—, C=C—, —0CO—, or —O—CO—. Particular
examples of Formula 37 are illustrated as follows.

[0162] nandm are1to 10, and preferably, 1 to 5, and o and
p are independently the same or different and 0 to 10, and
preferably, O to 5, where the sum of o+p may preferably be
less than or equal to 7.

F
- O=O=~_
CpHZpﬂ
T

C,,Hzpﬂ—\_
C0H20

W\ cmHml

CpHZpH
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[0163] The positive nematic liquid crystal may be a single
material or a mixture. The mixture of the positive nematic
liquid crystal according to an embodiment may include:
[0164] a) a liquid crystal component A including at least
one compound having dielectric anisotropy of greater than
about +1.5;

[0165] b)aliquid crystal component including at least one
compound having dielectric anisotropy from about -1.5 to
about +1.5; and

[0166] c¢) a chiral component C in case of need.

[0167] Liquidcrystal component A may include atleast one
compound of the above Formula 37. Liquid crystal compo-
nent B may include at least one compound represented by the
following Formula 38. The above liquid crystal component B
may be the above-described second base liquid crystal mol-
ecules.

[0168] Component C may include a plurality of chiral
dopants and may use a plurality of commercially available
dopants such as cholesteryl nonanoate (CN), R-811, S-811,
S-1011, S-2011 (Merck KGaA in Darmstat, Germany) and
CBI15 (BDH in Poole, England). The selection of the dopant
itself is not significant.

Formula 38

000

[0169] R'°andR'” are independently the same or different
and may be an alkyl group having at most 15 carbon atoms
unsubstituted or at least monosubstituted with CN, CF; or
halogen, where at least one of CH, in the alkyl group may be
replaced with —O—, —S— —(C=C— —C=C—,
—OC—0—, or —OCO—, and a 1,4-phenylene ring may be
independently monosubstituted or polysubstituted with fluo-
rine.

[0170] Achiral Smectic Liquid Crystal

[0171] A smectic liquid crystal is found at a lower tempera-
ture than a nematic liquid crystal, and liquid crystal molecules
thereof having a rod shape form a layered structure and are
aligned in parallel to each other. The position of the liquid
crystal molecules has no order when seen from plane, how-
ever the liquid crystal molecules have positional order when
seen from a perpendicular direction ofthe plane. The bonding
between molecular layers is relatively weak, and molecular
layers are easily slipped to each other. Thus, the smectic
liquid crystal exhibits the properties of a two-dimensional
fluid. However, the viscosity is very high when compared to
a common liquid.

[0172] An achiral smectic liquid crystal may have diverse
structures according to the alignment of the liquid crystal. In
an embodiment, a smectic A liquid crystal is aligned in a
vertical direction to a molecular plane. In other embodiments,
a smectic C liquid crystal is aligned while forming a certain
angle with the molecular plane. In other embodiments, a
smectic B liquid crystal is aligned in a perpendicular direction
to the molecular plane, however, aligned as a hexagonal net-
work in the plane. The kind of the smectic liquid crystal is
diverse and is not limited to the above-described materials in
the present invention.

[0173] According to an embodiment, the achiral smectic
liquid crystal may include achiral smectic liquid crystal mol-
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ecules. In an aspect, the achiral smectic liquid crystal mol-
ecules may be a single kind. In another aspect, the achiral
smectic liquid crystal molecules may be a mixture of different
kinds. For example, the achiral smectic liquid crystal mol-
ecules may include first achiral smectic liquid crystal mol-
ecules and second achiral smectic liquid crystal molecules. In
this case, the second achiral smectic liquid crystal molecules
may be different from the first achiral smectic liquid crystal
molecules.

[0174] According to another embodiment, the achiral
smectic liquid crystal may include achiral smectic liquid
crystal molecules and base liquid crystal molecules. The base
liquid crystal molecules may include at least one selected
from liquid crystal molecules having negative dielectric
anisotropy, liquid crystal molecules having positive dielectric
anisotropy and neutral liquid crystal molecules. In an aspect,
the achiral smectic liquid crystal may include one kind of
achiral smectic liquid crystal molecules and base molecules.
In another aspect, the achiral smectic liquid crystal may
include different achiral smectic liquid crystals and base mol-
ecules.

[0175] Hereinafter, exemplary materials of the achiral
smectic liquid crystal will be explained. The following mate-
rials may be used alone or as a mixture thereof. The achiral
smectic liquid crystal may include the smectic A liquid crys-
tal, the smectic B liquid crystal, the smectic liquid crystal C,
etc.

[0176] The smectic A liquid crystal may be represented by
the following Formulae 39 to 41.

Formula 39
F F
CyHoyi—O COO@CHZ—CHz@CFg
F F
Formula 40
F F
CyHye—O COO@CHZ—CHZQCF3
F F
[0177] Here, 1=n=<15.

CH,=—C(CH,)COO(CH,)sPhCOOPhPhCF, Formula 41

[0178]

[0179] The smectic B liquid crystal may include 4-hexyl-
4'-[2-(4-isothiocyanatophenyl)ethyl]-1-1'-biphenyl at a tem-
perature range from about 60.3 to about 98.5° C. In addition,
the smectic B liquid crystal may include at least one selected
from the group consisting of 1-[5-(4-hexylphenyl )pyramidyl-

Here, Ph is a 1,4-phenylene group.

2]-2-(4-hexyloxyphenyl) ethane,
PhPhCHNPhCHCHCOOCH,CH(CH,),,

C,H,,;OPhCHNPhPh, CH,,0PhPhCOOPhOC.H,,
CgH,,PhPhCOOPhC.H,,, CzH,,O0PhPhCOOPhOC H,,,

C,H, ,0PhCHNPhPh and C, {H,,OPhCHNPhPh.
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[0180] The smectic C liquid crystal may be represented by
the following Formulae 42 to 44.

Formula 42

N
o “ : 6 " MRZ
N

[0181] Here, each of A and B is a benzene ring or a cyclo-
hexane ring, m and n are O or 1, and each of R, and R, is an
alkyl group, an alkoxy group or an alkanoyloxy group having
1 to 18 carbon atoms.

[0182] Here,eachof Ryand R, is analkyl group having 1 to
18 carbon atoms.

Formula 43

Formula 44
T
RS - (CHZ)”_ s

[0183] Here, X isacobalt bond or —O—,nis0to 10, Rs is
an alkyl group or an alkoxy group having 1 to 18 carbon
atoms, and R is an alkyl group having 2 to 18 carbon atoms.
[0184] According to an embodiment, the liquid crystal
layer includes the nematic liquid crystal and the achiral smec-
tic liquid crystal, and the alignment of the liquid crystal layer
may become uniform, and the stability of the alignment may
be improved.

[0185] According to another embodiment of the present
invention, the liquid crystal layer may further include a chiral
liquid crystal. The liquid crystal layer may include a chiral
liquid crystal, an achiral liquid crystal and a nematic liquid
crystal. In the liquid crystal layer, the total amount of the
chiral liquid crystal and the achiral liquid crystal may be from
about 1 wt % to about 50 wt %. In an embodiment, the chiral
liquid crystal may be from about 0.01 wt % to about 10 wt %
in the liquid crystal layer.

[0186] In an aspect, the chiral liquid crystal may include
chiral liquid crystal molecules. In an embodiment, the chiral
liquid crystal molecules may be one kind. In another embodi-
ment, the chiral liquid crystal molecules may be different
from each other. For example, the chiral liquid crystal mol-
ecules may include chiral liquid crystal molecules having
spontaneous polarization and chiral liquid crystal molecules
having no spontaneous polarization. In addition, the chiral
liquid crystal molecules may include chiral liquid crystal
molecules having different spontaneous polarization proper-
ties.

[0187] Inanother aspect, thechiral liquid crystal may func-
tion as a ferroelectric material together with the achiral smec-
tic liquid crystal. The ferroelectric liquid crystal has sponta-
neous polarization even though an electric field is not applied
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and is a kind of insulating dielectric material, however, the
dielectric polarity thereof is not proportional to an electric
field different from a general dielectric material, and the
ferroelectric liquid crystal exhibits ideality by which the rela-
tion between polarity and electric field has electrical hyster-
esis. The ferroelectric liquid crystal typically has the physical
properties of the spontaneous polarization and polarization
reversal phenomenon of the spontaneous polarization by an
electric field.

[0188] Hereinafter, examples of the chiral liquid crystal
will be illustrated and explained. However, the chiral liquid
crystal of the present invention is not limited to the following
materials.

[0189] The chiral liquid crystal may include a fluorine
chiral end liquid crystal, a chiral allyl ester liquid crystal, a
center core polyring chiral liquid crystal, a chiral smectic
liquid crystal, etc. In addition, the chiral liquid crystal may be
a banana shape liquid crystal.

[0190] The fluorine chiral end liquid crystal may be repre-
sented by the following Formula 45.

Formula 45

[0191] Here, X*, X°, X% and X’ are independently CF,,
CF,H, CFH,, halogen, alky! or alkoxy, C and D are indepen-
dently selected from phenyl, mono-fluorophenyl di-fluo-
rophenyl and cyclohexyl, E is independently selected from a
single bond, COO, OOC, and C=C, at least one of E is a
single bond, q is 0 or 1, and R'® is the terminal group of the
following Formula 40.

Formula 46

[0192] InFormula4é6, Zis O, (CH,),0, or (CH,),0, Jand
M are independently selected from hydrogen and alkyl hav-
ing 1 to 15 carbon atoms, W is a linear or branched alkyl chain
having 1 to 15 carbon atoms, I, M and W are different from
each other, and R'? is selected from alkenyl, alkenyloxy,
alkynyl or alkynoxy having 1 to 15 carbon atoms.

[0193] The chiral allyl ester liquid crystal may be repre-
sented by Formula 47.

Formula 47
Z
|
R,—0 Q COO—CH—R,
*

[0194] In Formula 47, R, and R,, are independently alkyl
having 1 to 20 carbon atoms, Q is —C(—0)O— or —OC
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(=0)—, Z represents fluorine-containing alkyl or an alkyl
group substituted with halogen, and * represents chiral car-
bon. Particular examples of Formula 41 may include 4'-n-
(octyleoxyphenyl4'-(1,1,1-trigluoro-2-octyloxycarbonyl)bi-
phenyl-4-carboxylate of the following Formula.

*
C8H17—04©—COOCOO—$HC5H13

CF

[0195] Thecenter core polyring chiral liquid crystal may be
represented by Formulae 48 to 51.

Formula 48

Cl
e OO

[0196] Formula 48 represents S-4-(trans-4-heptylcyclo-
hexyl)-3'-chloro-4"-(1-methylheptyloxy)terphenyl.

Formula 49

Cl
e OO

[0197] Formula49 represents R-4-octhyl-3"-chloro-4"'-(1-
methylhexyloxy)quarterphenyl.

Formula 50

F
H19C9 Q Q Q Q OCHZCHCICH3

[0198] Formula 50 represents S-4-nonyl-3'-fluoro-4"-(2-
chloropropyloxy)quarterphenyl
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[0199] Formula 51 represents S-2-(4-octyl-2'-fluoro-3"-
trifluoromethyl-4"-quarterphenyloxy)-propionate.

[0200] The chiral liquid crystal may be represented by at
least one of the following Formulae 52 and 53.

avataa

X8

Formula 52

Formula 53

R22 \ / OR23

N

[0201] InFormulae 52 and 53, R?° and R*' are different and
a linear alkyl group having 1 to 9 carbon atoms, R** and R**
are the same or different and a linear alkyl group having 1 to
18 carbon atoms (in R* to R**, hydrogen may be substituted
with CN, CF; or halogen, and a —CH,— group may be
optionally substituted with—CH—CH—, —O—, —CO—,
—CO0—, —00C—, —0—0C—0— or —S—), and X
represents hydrogen or halogen. Particular examples of the
above Formulae 52 and 53 are illustrated as follows.

S
OO
N—N
F
CH;s— O >—<: E>—OC8H17
N

[0202] The chiral smectic liquid crystal may be represented
by Formula 54.
Formula 54
Lll L13
Q H _|_ X =
R24 \ / Z14< RZS
H:<:O le/\\ /\/]_12 \N /
L.7.4
Formula 51

OCH(CH,)COO0C,H,
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[0203] In Formula 54, R** is chiral or achiral alkyl or alk-
enyl having 1 to 24 carbon atoms, R’ is chiral or achiral
alkoxy, alkenyloxy, alkylcarbonyloxy (alkyl-COO—) or alk-
enylcarbonyloxy (alkenyl-COO—) having 1 to 20 carbon
atoms (in R** and R**, hydrogen may be substituted with CN,
CF; or halogen, and a —CH2- group may be substituted with
—CH—CH—, —0—, —C0—, —(C00—, —00C—,
—0—0C—0—or—8—), Z is asingle bond, —COO—or
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—00C—, —CH,CH,— —CH=—CH—, —C=(C—,
—OCH,— or —CH,0—, L'® to L'* are hydrogen, halogen,
cyano, nitro, or alkyl or alkenyl having 1 to 20 carbon atoms
(where a —CH,— group may be substituted with
—CH=—CH—, —0—, —CO—, —CO00—, —00C—,
—0—0C—0O— or —S—), and X is —CH— or nitrogen.
Particular example of the above Formula 54 is illustrated as
follows.

Ciallyg

[0204] The banana shape chiral liquid crystal may be rep-
resented by the following Formula 55.

Formula 55

) 0
dO/ALO)b\
RZG Bl Bl R27
RZIJ/ QRZ?

InFormula 55, A' is

RZ 6
/@i ot O R,
RY O

[0205] B'is

_N=CH—
or

—00C—,

[0206] R>°and R*’ areindependently hydrogen or halogen,
and R*® and R* are independently alkyl or alkoxy having 8 to
16 carbon atoms. Particular examples of the above Formula
49 are illustrated as follows.

Cl

Cialag
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-continued

Crale

[0207] The chiral liquid crystal may be a single material of
the chiral liquid crystal or a mixture including the chiral liquid
crystal.

Formula 56
R32 R33
XlO
RIO—N M!— (CHpj—M?—R*
R34 R35

[0208] InFormula56,X"°ishydrogen (H),R*®is hydrogen
or alkyl having 1 to 15 carbon atoms, R*' is hydrogen, halo-
gen, or an alkyl group or an alkenyl group having 1 to 20
carbon atoms (where one or two of —CH,— groups may be
replaced with—O—, —C(—0)O—or—Si(CH;),—, and at
least one hydrogen of the alkyl or the alkenyl group may be
replaced with fluorine or CH,), and each of R** R**, R** and
R*’is CH,.

[0209] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal and the
achiral smectic liquid crystal, the alignment of the liquid
crystal layer may become uniform, and the stability of the
alignment may be improved. In addition, since the liquid
crystal layer includes the chiral liquid crystal, ferroelectric
properties may be exhibited together with the achiral smectic
liquid crystal, and the alignment of the liquid crystal layer
may become uniform, and the stability of alignment may be
improved further.

[0210] According to another embodiment of the present
invention, the liquid crystal layer may further include a reac-
tive mesogen material. The liquid crystal layer may include
from about 0.01 wt % to about 3 wt % of the reactive mesogen
material, from about 1 wt % to about 50 wt % of the achiral
smectic liquid crystal and a remainder of the nematic liquid
crystal.

[0211] The reactive mesogen material means a polymeriz-
able mesogenic compound. The “mesogenic compound” or
“mesogenic material” may include a material or a compound
containing at least one mesogenic group of a rod shape, a plate
shape or a disc shape, i.e. a group capable of inducing liquid
crystalline behavior. The reactive mesogen material may be
polymerized by light such as ultraviolet, etc. and may be a
material being aligned according to the alignment state of an
adjacent material.

17
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Cl
0O
(0]
N,
CiaHpg
[0212] Examples of the reactive mesogen material may

include compounds represented by the following Formula.
P1-Al-(Z1-A2)n-P2,

[0213] Here, P1 and P2 are at least one of acrylate, meth-
acrylate, vinyl, vinyloxy and epoxy group, Al and A2 are at
least one of 1,4-phenylene and naphthalene-2,6-diy] groups,
71 is at least one of COO—, OCO— and a single bond, and
nisoneof 0,1 and 2.

[0214] More particularly, compounds represented by one
of the following Formulae may be illustrated.

[0215] Here, P1 and P2 may include at least one selected
from the group consisting of an acrylate group, a methacry-
late group, a vinyl group, a vinyloxy group and an epoxy
group.

[0216] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal and the
achiral smectic liquid crystal, the alignment of the liquid
crystal layer may become uniform and the stability of align-
ment may be improved. In addition, since the liquid crystal
layer includes the reactive mesogen material, the aligning rate
and the aligning angle of the liquid crystal layer may be
increased, thereby improving optical properties.

[0217] According to another embodiment of the present
invention, the liquid crystal layer may include the achiral
liquid crystal, the nematic liquid crystal, the chiral liquid
crystal and the reactive mesogen material. In the liquid crystal
layer, the total amount of the achiral smectic liquid crystal and
the chiral liquid crystal may be from about 1 wt % to about 50
wt %. The chiral liquid crystal in the liquid crystal layer may
be from about 0.01 wt % to about 10 wt %. The reactive
mesogen material in the liquid crystal layer may be from
about 0.01 wt % to about 3 wt %.

[0218] Detailed explanation ofthe achiral liquid crystal, the
nematic liquid crystal, the chiral liquid crystal and the reac-
tive mesogen material will refer to the above-description.
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[0219] According to this embodiment, since the liquid
crystal layer includes the achiral liquid crystal, the nematic
liquid crystal and the chiral smectic liquid crystal, the align-
ment of the liquid crystal layer may become uniform and the
stability of alignment may be improved. In addition, since the
liquid crystal layer includes the reactive mesogen material,
the aligning rate and the aligning angle of the liquid crystal
layer may be increased, thereby improving optical properties.

Second Embodiment of Liquid Crystal Layer

[0220] A liquid crystal layer according to this embodiment
may include a nematic liquid crystal and a smectic liquid
crystal. The liquid crystal layer may include from about 50 wt
% to about 97 wt % of the nematic liquid crystal and from
about 3 wt % to about 50 wt % of the smectic liquid crystal.
When the smectic liquid crystal is less than or equal to about
3 wt % of the liquid crystal layer, the liquid crystal alignment
of the liquid crystal layer may become unstable. In addition,
when the amount of the smectic liquid crystal exceeds about
50 wt % of the total amount of the liquid crystal layer, the
viscosity of the liquid crystal layer may increase, and the
response time of a display apparatus including the liquid
crystal layer may be decreased. More preferably, the liquid
crystal layer may include from about 3 wt % to about 35 wt %
of the smectic liquid crystal.

[0221] The amount of the smectic liquid crystal in the lig-
uid crystal layer may be determined by the viscosity of the
smectic liquid crystal. In the case that the viscosity of the
smectic liquid crystal is low, the amount of the smectic liquid
crystal in the liquid crystal layer may be greater than or equal
to about 50 wt %. Meanwhile, in the case that the viscosity of
the smectic liquid crystal is high, the amount may preferably
be maintained to less than or equal to about 30 wt % in
consideration of the total viscosity of the liquid crystal layer.
[0222] According to an embodiment of the present inven-
tion, the smectic liquid crystal may include an achiral smectic
liquid crystal and a chiral smectic liquid crystal. The smectic
liquid crystal may include from about 70 wt % to about 97 wt
% of the achiral smectic liquid crystal and from about 3 wt %
to about 30 wt % of the chiral smectic liquid crystal.

[0223] The chiral smectic liquid crystal may have sponta-
neous polarization properties. The spontaneous polarization
means electrical polarization phenomenon of a material in a
natural state when an electric field is not applied. The chiral
smectic liquid crystal will be described in detail hereinafter.
[0224] According to an embodiment, the nematic liquid
crystal may include a negative nematic liquid crystal. Accord-
ing to another embodiment, the nematic liquid crystal may
include a negative nematic liquid crystal and a positive nem-
atic liquid crystal. The positive nematic liquid crystal may be
about 10 wt % of the nematic liquid crystal.

[0225] The configuration elements, the structure and the
examples of the nematic liquid crystal and the achiral smectic
liquid crystal of the smectic liquid crystal explained in this
embodiment are substantially the same as those described
above, and detailed description thereof will be omitted.
[0226] Hereinafter, the chiral smectic liquid crystal will be
explained in more detail.

[0227] The chiral smectic liquid crystal may include chiral
smectic liquid crystal molecules. According to an aspect, the
chiral smectic liquid crystal molecules may be one kind. In
another aspect, the chiral smectic liquid crystal molecules
may be different kinds. For example, the chiral smectic liquid
crystal molecules may include first chiral smectic liquid crys-

Dec. 24,2015

tal molecules and second chiral smectic liquid crystal mol-
ecules. The first and second chiral smectic liquid crystal mol-
ecules may be different from each other.

[0228] According to another embodiment, the chiral smec-
tic liquid crystal may include the chiral smectic liquid crystal
molecules and base liquid crystal molecules. The base liquid
crystal molecules may include at least one selected from the
group consisting of liquid crystal molecules having negative
dielectric anisotropy, liquid crystal molecules having positive
dielectric anisotropy, neutral liquid crystal molecules, and
achiral liquid crystal molecules.

[0229] According to another embodiment, the chiral smec-
tic liquid crystal together with the achiral liquid crystal mol-
ecules may make the liquid crystal layer exhibit ferroelectric
properties.

[0230] The chiral smectic liquid crystal includes a chiral
smectic C liquid crystal and other chiral smectic liquid crys-
tals.

[0231] Thechiral smectic C may be represented by Formu-
lae 57 to 60.
Formula 57
P — —
R—Si—O—Si—(CHz)n—O—O—T—O—O
[ \// \// }_X N
Ym Ym o
Formula 58

e}
RSiR';{0SiR';),—(CHy), —
OO
A LA
Ym Ym

[0232] InFormulae 57 and 58, R is an alkyl group having 1
to 10 carbon atoms, or

group, R' is an alkyl group having 1 to 4 carbon atoms, T is

0] 0]
—O)‘\ or )ko—,

X is an alkyl group or a halogen substituted alkyl group
having at least one chiral center, Y is a fluorine atom, m has 0,
lor2,phas2,3or4,and nhas 10, 11 or 12.
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Formula 59

R! < > <}\I_Np < > R2

[0233] In Formula 59, R' and R? are a linear alkyl group
having 1 to 9 carbon atoms and are different from each other.

Formula 60

R? OR*
\_/

[0234] InFormula 60, R® and R* are an alkyl group includ-
ing 1 to 18 carbon atoms and are the same or different, and X
is hydrogen or fluorine.

X

[0235] In Formula 61, 1 is 1 or 2, Y is —COO—,
—CH=N—, —CH,0—, —0CO0— —N=CH—,
—OCH2- or a single bond, R is an alkyl group or an alkoxy
group having 1 to 18 carbon atoms, R'! is (S)-2-methylbutyl,
(8)-2-methylbutoxy, (S)-2-methylbutoxycarbonyl, (S)-1-me-
thylheptyloxy, (R)-1-methylheptyloxy, (S)-1-methylhepty-
loxycarbonyl or (R)-1-methylheptyloxycarbonyl.

Rlo@x@y

[0236] InFormula62,nis 1or2,Risanalkyl group or an
alkoxy group having 1 to 18 carbon atoms, Y is an alkyl,
alkoxy, alkoxycarbonyl, alkanoyl or alkanoyloxy group
including asymmetric carbon, and X includes

Formula 61

Formula 62

Formula 63

*
o—(|:H—c6H13

CH;

Dec. 24,2015
o} , — ON=N—1, —CH,0—,
0 , —N=—CH—, —OCH,—,

[0237] In Formula 62,Y may be one of

* #

—CHZ—TH—C2H5, ——CO—CH—Cll3,

(L 0 (I

* £

— O0——CH—CgHy3, —|CO—CH—C6H13,

CH; 0 CH;

% *

—0—CH,—CH—C,Hs, OC—CH—C,Hs,

CH;, 0 CH

* *

—(CO—CHy—CH—C,Hs, —0—CH—CgH,.

[
0 CH, CH;

[0238] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal, the achiral
smectic liquid crystal and the chiral smectic liquid crystal, the
alignment of the liquid crystal layer may become uniform and
the stability of the alignment may be improved.

[0239] According to another embodiment, the liquid crys-
tal layer may further include a plurality of chiral dopants. The
chiral dopant may be included in the liquid crystal layer in an
amount ratio of less than or equal to about 10 wt %. According
to an aspect, the chiral dopant may have no spontaneous
polarization. According to another aspect, the chiral dopant
may have smaller spontaneous polarization than the chiral
smectic liquid crystal.

[0240] According to anembodiment, the chiral dopant may
include a plurality of chiral dopants. According to an aspect,
the chiral dopants may be one kind. According to another
aspect, the chiral dopants may be different kinds.

[0241] According to another embodiment, the chiral
dopant together with the smectic liquid crystal may exhibit
ferroelectric properties.

[0242] Hereinafter, examples of the chiral dopant will be
illustrated and explained. The following materials may be
used alone oras amixture. In addition, the chiral dopant of the
present invention is not limited to the following materials.
[0243] The chiral dopant may be at least one selected from
Formulae 63 to 70.

Formula 64

&
CZHS_?H‘%CN

CH;
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-continued
Formula 65
Formula 66
Formula 67
Formula 68 Formula 69

[0244] In Formulae 66 1o 70, R¥ is an alkyl group having 3
to 10 carbon atoms, and in the alkyl group, —CH,— adjacent
to a ring may be replaced with —O—, and an optional
—CH,— may be substituted with —CH—CH—.

[0245] As the chiral dopant, a plurality of commercially
available dopants such as cholesteryl nonanoate (CN), R-811,
S-811, S-1011, 8-1011, S-2011 (Merck KGaA in Darmstat,
Germany) and CB15 (BDH in Poole, England) may be used.
[0246] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal, the achiral
smectic liquid crystal and the chiral smectic liquid crystal, the
alignment ofthe liquid crystal layer may become uniform and
the stability of the alignment may be improved. In addition,
since the liquid crystal layer includes the chiral dopant, fer-
roelectric properties may be exhibited together with the
smectic liquid crystal, and the alignment of the liquid crystal
layer may become uniform, and the stability of alignment
may be improved further.

[0247] According to another embodiment of the present
invention, the liquid crystal layer may further include a reac-
tive mesogen material. The liquid crystal layer may include
from about 0.01 wt % to about 3 wt % of the reactive mesogen
material. Detailed description of the reactive mesogen mate-
rial will be omitted.

Formula 70

[0248] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal, the achiral
smectic liquid crystal and the chiral smectic liquid crystal, the
alignment of the liquid crystal layer may become uniform and
the stability of the alignment may be improved. In addition,
since the liquid crystal layer includes the reactive mesogen
material, the aligning rate and the aligning angle of the liquid
crystal layer may be increased, thereby improving optical
properties.

[0249] According to another enmbodiment of the present
invention, the liquid crystal layer may include a nematic
liquid crystal, a smectic liquid crystal, a chiral dopant and a
reactive mesogen material. The liquid crystal layer may
include from about 3 wt % to about 50 wt % of the smectic
liquid crystal, at most about 10 wt % of the chiral dopant and
from about 0.01 wt % to about 3 wt % of the reactive mesogen
material. Detailed description of the nematic liquid crystal,
the smectic liquid crystal, the chiral dopant and the reactive
mesogen material will be omitted.

[0250] According to this embodiment, since the liquid
crystal layer includes the nematic liquid crystal, the achiral
smectic liquid crystal, the chiral smectic liquid crystal and the
chiral dopant, the alignment of the liquid crystal layer may
become uniform and the stability of the alignment may be
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improved. In addition, since the liquid crystal layer includes
the reactive mesogen material, the aligning rate and the align-
ing angle of the liquid crystal layer may be increased, thereby
improving optical properties.

[0251] (Manufacturing Method of Liquid Crystal Layer)
[0252] According to an embodiment of the present inven-
tion, a liquid crystal layer may be manufactured by mixing a
nematic liquid crystal and an achiral smectic liquid crystal.
The liquid crystal layer may be manufactured by mixing from
about 50 wt % to about 99 wt % of the nematic liquid crystal
and from about 1 wt % to about 50 wt % of the achiral smectic
liquid crystal.

[0253] According to an aspect, the liquid crystal layer may
further include a chiral liquid crystal. The liquid crystal layer
may be manufactured by mixing less than or equal to about 10
wt % of the chiral liquid crystal, from about 1 wt % to about
50 wt % of the achiral smectic liquid crystal and a remainder
of the nematic liquid crystal.

[0254] According to another aspect, the liquid crystal layer
may further include a reactive mesogen material. The liquid
crystal layer may be manufactured by mixing from about 0.01
wt % to about 3 wt % of the reactive mesogen material, from
about 1 wt % to about 50 wt % of the achiral smectic liquid
crystal and a remainder of the nematic liquid crystal.

[0255] According to a further another aspect, the liquid
crystal layer may include a nematic liquid crystal, an achiral
smectic liquid crystal, a chiral liquid crystal and a reactive
mesogen material. The liquid crystal layer may be manufac-
tured by mixing from about 0.01 wt % to about 3 wt % of the
reactive mesogen material, at most about 10 wt % of the chiral
liquid crystal, from about 1 wt % to about 50 wt % of the
achiral smectic liquid crystal and a remainder of the nematic
liquid crystal.

[0256] According to another embodiment of the present
invention, the liquid crystal layer may be manufactured by
mixing a nematic liquid crystal and a smectic liquid crystal.
The liquid crystal layer may be manufactured by mixing from
about 50 wt % to about 97 wt % of the nematic liquid crystal
and from about 3 wt % to about 50 wt % of the smectic liquid
crystal. The smectic liquid crystal may include an achiral
smectic liquid crystal and a chiral smectic liquid crystal. The
smectic liquid crystal may include from about 70 wt % to
about 97 wt % of the achiral smectic liquid crystal and from
about 3 wt % to about 30 wt % of the chiral smectic liquid
crystal.

[0257] According to an aspect, the liquid crystal layer may
further include a chiral dopant. The liquid crystal layer may
be manufactured by mixing less than or equal to about 10 wt
% of the chiral dopant, from about 3 wt % to about 50 wt % of
the smectic liquid crystal and a remainder of the nematic
liquid crystal.

[0258] According to another aspect, the liquid crystal layer
may further include a reactive mesogen material. The liquid
crystal layer may be formed by mixing from about 0.01 wt %
to about 3 wt % of the reactive mesogen material, from about
3 wt % to about 50 wt % of the smectic liquid crystal and a
remainder of the nematic liquid crystal.

[0259] According to a further another aspect, the liquid
crystal layer may include a nematic liquid crystal, a smectic
liquid crystal, a chiral dopant and a reactive mesogen mate-
rial. The liquid crystal layer may be manufactured by mixing
less than or equal to about 10 wt % of the chiral dopant, from
about 0.01 wt % to about 3 wt % of the reactive mesogen
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material, from about 3 wt % to about 50 wt % of the smectic
liquid crystal and a remainder of the nematic liquid crystal.
[0260] During performing a mixing process, the process
temperature may be the temperature at which isotropic prop-
erties of a material included at the greatest amount in the
liquid crystal layer are shown. According to exemplary
embodiments of the present invention, the process of the
mixing may be performed in a temperature range from about
90° C. to about 100° C. The temperature range may be a
temperature range at which the nematic liquid crystal exhibits
isotropic properties. In this embodiment, the mixing of the
liquid crystal layer is performed at from about 90° C. to about
100° C., however the mixing temperature of the liquid crystal
layer is not specifically limited in the present invention.
[0261] Hereinafter, the electrical properties of the liquid
crystal layer thus manufactured will be explained.

[0262] FIG. 4isa graphillustrating the electrical properties
of a liquid crystal layer according to an embodiment of the
present invention. In FIG. 1, x-axis represents time, and the
unit thereof is second, and Y-axis represents an applied volt-
age, and the unit thereof is volt [V].

[0263] When a voltage is applied to the liquid crystal layer
manufactured by the above-described method, a peak that is
not shown in a liquid crystal layer including only a nematic
liquid crystal is shown as illustrated in FIG. 4. This peak is
due to a ferroelectric liquid crystal. Thus, the nematic liquid
crystal and the ferroelectric liquid crystal are present not as a
compound shape but as a mixture in the liquid crystal layer,
and the nematic liquid crystal may exhibit intrinsic propetties
thereof, and the ferroelectric liquid crystal may exhibit intrin-
sic properties thereof. Therefore, the nematic liquid crystal
and the ferroelectric liquid crystal may reinforce and/or inter-
fere the movement from each other.

[0264] Hereinafter, the present invention will be explained
in detail through examples and Comparative Example 1.
However, the following examples are described only forillus-
trating the present invention. Thus, the present invention is
not limited thereto and may be modified and changed
diversely.

[0265] Liquid Crystal Display Device
Comparative Example 1
[0266] A liquid crystal display device including a first dis-

play plate including a first substrate and a first electrode
having a first slit of Chevron pattern, a second display plate
including a second substrate and a second electrode having a
second slit of Chevron pattern, and a liquid crystal layer
filling up a space between the first and second display plates
was manufactured. The liquid crystal display device was
manufactured in a PVA mode.

[0267] The liquid crystal layer was manufactured by using
about 100 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. The thickness (cell gap) of the liquid crystal layer
of the liquid crystal display device was about 4.5 pm.

Example 1

[0268] A liquid crystal display device including a first dis-
play plate including a first substrate and a first electrode
having a first slit of Chevron pattern, a second display plate
including a second substrate and a second electrode having a
second slit of Chevron pattern, and a liquid crystal layer
filling up a space between the first and second display plates
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was manufactured. The liquid crystal display device was
manufactured in a PVA mode.

[0269] The liquid crystal layer was manufactured by mix-
ing about 97 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. and about 3 wt % of KFL.C 7 (An=0.18) of King-
ston Chemical Co. atabout 100° C. The thickness of the liquid
crystal layer of the liquid crystal display device was about 4.5
um. The about 3 wt % of the KFLC included about 2.8 wt %
of an achiral component and about 0.2 wt % of a chiral
component.

Example 2

[0270] Aliquid crystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0271] The liquid crystal layer was manufactured by mix-
ing about 95 wt % of MLC 6608 (An=0.084, AE=—4.3) of
Merck Co. and about 5 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 5 wt % of
the KFLC 10 included about 4.5 wt % of an achiral compo-
nent and about 0.5 wt % of a chiral component.

Example 3

[0272] Aliquid crystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0273] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, A6=—4.3) of
Merck Co. and about 10 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
of the KFLC 3 included about 9.7 wt % of an achiral compo-
nent and about 0.3 wt % of a chiral component.

Example 4

[0274] Aliquid crystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0275] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, Ac=—4.3) of
Merck Co. and about 10 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
of the KFLC 10 included about 9.0 wt % of an achiral com-
ponent and about 1.0 wt % of a chiral component.

Example 5

[0276] Aliquidcrystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0277] The liquid crystal layer was manufactured by mix-
ing about 85 wt % of MLC 6608 (An=0.084, A6=-4.3) of
Merck Co. and about 15 wt % of KFLC 5 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 15 wt %
of the KFLC 5 included about 14.3 wt % of an achiral com-
ponent and about 0.7 wt % of a chiral component.

Example 6

[0278] Aliquidcrystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0279] The liquid crystal layer was manufactured by mix-
ing about 80 wt % of MLC 6608 (An=0.084, A€=—4.3) of
Merck Co. and about 20 wt % of KFLC 7 (An=0.18) of
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Kingston Chemical Co. at about 100° C. The about 20 wt %
of the KFLC 7 included about 18.6 wt % of an achiral com-
ponent and about 1.6 wt % of a chiral component.

Example 7

[0280] Aliquid crystal display device was manufactured by
the same procedure described in Example 1 except for the
material of the liquid crystal layer.

[0281] The liquid crystal layer was manufactured by mix-
ing about 70 wt % of MLC 6608 (An=0.084, AE=-4.3) of
Merck Co. and about 30 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 30 wt %
of the KFLC 3 included about 29.1 wt % of an achiral com-
ponent and about 0.9 wt % of a chiral component.

[0282] The constituting components and the thickness of
the liquid crystal layer in Comparative Example 1 and
Examples 1 to 7 are illustrated in the following Table 1.

TABLE 1
Smectic liquid crystal Thickness of
Nematic Achiral Chiral liquid crystal
liquid crystal component — component layer
Comparative 100 wt % 0 0 4.5 pm
Example 1
Example 1 97 wt % 28 wt%  0.2wt% 4.5 um
Example 2 95 wt % 45 wt%  05wt% 4.5 um
Example 3 90 wt % 9.7 wt%  03wt% 4.5 um
Example 4 90 wt % 9.0 wt% 1L.Owt% 4.5 um
Example 5 85 wt % 143 wt%  0.7wt% 4.5 um
Example 6 80 wt % 186 wt%  L.6wt% 4.5 um
Example 7 70 wt % 291 wt%  0.9wt% 4.5 um
[0283] Evaluation of Transmittance

[0284] FIG. 5is a graph for comparing the transmittance of
the liquid crystal display devices according to Comparative
Example 1 and Examples 1 to 7. In FIG. 5, the graph illus-
trates transmittance according to an applied voltage. In FIG.
3, x-axis represents an applied voltage, and the unit thereof is
[V], and y-axis represents transmittance.

[0285] Referring to FIG. 5, the transmittance of the liquid
crystal display devices according to Examples 1 to 7 is good
in general when compared to that of a liquid crystal display
device according to Comparative Example 1. In more detail,
the transmittance of the liquid crystal display devices of
Examples 1 and 2 is increased very slightly when compared to
that of Comparative Example 1. In addition, the transmittance
of the liquid crystal display devices of Examples 3 to 7 is
about 0.8 and is excellent when compared to that of the liquid
crystal display device of Comparative Example 1.

[0286] Through the above evaluation, the achiral smectic
liquid crystal in the liquid crystal layers of Examples 1 to 7 is
expected to induce the alignment of the liquid crystal mol-
ecules uniformly and stably. Thus, the transmittance of the
liquid crystal display devices of Examples 1 to 7 is better than
that of the liquid crystal display device of Comparative
Example 1.

[0287] FIG. 6A is a graph illustrating the transmittance of
the liquid crystal display devices of Examples 1 to 7 and the
transmittance of the liquid crystal display device of Compara-
tive Example 1 according to the amount of an achiral com-
ponent in a liquid crystal layer, and FIG. 6B is a graph illus-
trating the transmittance of the liquid crystal display devices
of Examples 1 to 7 and the transmittance of the liquid crystal
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display device of Comparative Example 1 according to the
amount of a chiral component in a liquid crystal layer. In
FIGS. 6 A and 6B, x-axes represent the amounts of the achiral
component and the chiral component, and the unit thereof is
[wt %], and y-axes represent transmittance.

[0288] Referring to FIG. 6A, as the amount of the achiral
component in the liquid crystal layer increases, the transmit-
tance of the liquid crystal display devices increases. In more
detail, the transmittance of the liquid crystal display device of
Comparative Example 1 without the achiral component
exhibits the transmittance of about 0.67, however the trans-
mittance of the liquid crystal display devices increases as the
amount of the achiral component in the liquid crystal layer
increases. In addition, when the amount of the achiral com-
ponent in the liquid crystal layer is greater than or equal to
about 9.7 wt %, the transmittance increases to about 0.8,
[0289] Referring to FIG. 6B, as the amount of the chiral
component in the liquid crystal layer increases, the transmit-
tance of the liquid crystal display devices increases in gen-
eral. In more detail, the transmittance of the liquid crystal
display device of Comparative Example 1 without the chiral
component exhibits the transmittance of about 0.67, however
the transmittance of the liquid crystal display devices
increases as the amount of the achiral component in the liquid
crystal layer increases. In addition, when the amount of the
chiral component in the liquid crystal layer is greater than or
equal to about 0.9 wt %, the transmittance increases to about
0.8.

[0290] Evaluation of Response Time

[0291] FIG.7isa graph for comparing the response time of
the liquid crystal display devices of Comparative Example 1
and Examples 1 to 7. FIG. 7 is a graph illustrating response
time according to an applied voltage. In FIG. 7, x-axis repre-
sents an applied voltage, and the unit thereofis [V], and y-axis
represents response time, and the unit thereof if [ms].
[0292] Referring to FIG. 7, the response time of the liquid
crystal display devices of Examples 1 to 7 is increased to a
certain degree when compared to that of the liquid crystal
display device of Comparative Example 1. Meanwhile, in
FIG. 7, the response time of the liquid crystal display device
including a liquid crystal layer containing about 29.1 wt % of
the achiral component is substantially similar to that of Com-
parative Example 1. The response time increased to a certain
degree is expected to decrease by changing the amount or the
kind of the nematic liquid crystal. In addition, the increased
response time is expected to decrease by additionally adding
a reactive mesogen material in the liquid crystal layer.
[0293] FIG. 8is a graph illustrating the rising time and the
falling time of the liquid crystal display device of Compara-
tive Example 1 and the rising time and the falling time of the
liquid crystal display devices of Examples 1 to 7 according to
the amount of an achiral component. In FIG. 8, x-axis repre-
sents the amount of an achiral component, and the unit thereof
is [wt %], and y-axis represents time, and the unit thereof is
[ms].

[0294] When target transmittance ofa liquid crystal display
device is setto 100%, it takes time to exhibit the transmittance
of 100% when the liquid crystal display device is turned on.
The rising time means the time necessary for exhibiting the
transmittance from about 10% to about 90% after turning on
the liquid crystal display device. On the contrary, it takes time
to exhibit the transmittance of 0% when the liquid crystal
display device is turned off. The falling time means the time
necessary for exhibiting the transmittance from about 90% to
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about 10% after turning off the liquid crystal display device.
The response time is the sum of the rising time and the falling
time.

[0295] The rising time is about 10 ms, the falling time is
about 14 ms and the response time is about 14 ms for the
liquid crystal display device of Comparative Example 1.
Referring to the data of Examples 1 to 7, as the amount of the
achiral component increases, the rising time and the falling
time increase, and so, the response time increases to a certain
degree.

[0296] FIG. 9A is a graph illustrating the rising time of the
liquid crystal display devices of Comparative Example 1 and
Examples 1to 7, and FIG. 9B is a graph illustrating the falling
time of the liquid crystal display devices of Comparative
Example 1 and Examples 1to 7. FIGS. 9A and 9B are graphs
illustrating the rising time and the falling time according to an
applied voltage. In FIGS. 9A and 9B, x-axes represent an
applied voltage, and the unit thereof is [ V], and y-axes rep-
resent time, and the unit thereof is [ms].

[0297] The results of FIGS. 9A and 9B are similar to those
explained in FIGS. 7 and 8. That is, the rising time and the
falling time of Examples 1 to 7 are increased to a certain
degree when compared to those of Comparative Example 1.
The increased rising time and the falling time may be lowered
by additionally adding a reactive mesogen material in the

liquid crystal layer.
[0298] Evaluation of Textures
[0299] FIGS. 10A to 10H and FIGS. 11A to 11H are the

textures of the liquid crystal display devices of Comparative
Example 1 and Examples 1 to 7.

[0300] In the liquid crystal display devices, a voltage of
about 7 V was applied, and a cross polarization plate was
rotated to obtain white images and black images in FIGS. 10A
to 10H and FIGS. 11A to 11H.

[0301] The textures of FIGS. 10A to 10H are white images
under the cross polarization plate. In more detail, the white
images are obtained when the angle between the cross polar-
ization plate and the liquid crystal molecules of the liquid
crystal layer is about 45°, and bright images are shown via the
penetration of lights through the liquid crystal layer. This may
be confirmed in the following Mathematical Formula 1.

L., . o ®An-d Mathematical Formula 1
T = Zsin”(2p)sin’ ( ]
2 A
[0302] Inthe above Mathematical Formula 1, T is transmit-

tance, ¢ is an angle formed by a polarization plate and liquid
crystal molecules, An is a birefringence value, d is the thick-
ness of a liquid crystal layer, and A, is the wavelength of
exposing lights. In Mathematical Formula 1, when ¢ is 45°, a
sin’ value is the maximum value, and the transmittance is the
highest.

[0303] FIGS. 10A to 10H are textures of Comparative
Bxample 1 and Examples 1 to 7. Referring to FIG. 8 A, defects
appearing black are shown at the edge portions of the slit or at
the border of the slits. Referring to FIGS. 10A to 10H, the
defects appearing black are removed at the border of the slits
as well as at the edge portions of the slit.

[0304] The textures in FIGS. 11A to 11H, black images
under the cross polarization plate are illustrated. In more
detail, the black images are obtained when the angle between
the cross polarization plate and the liquid crystal molecules of
the liquid crystal layer is about 0°, and black images are
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shown because a rotated upper polarization plate has perpen-
dicular polarization with respect to polarized lights pen-
etrated through the liquid crystal layer. In the above Math-
ematical Formula 1, when ¢ is 0°, a sin® value is 0, and the
transmittance becomes 0.

[0305] FIGS. 11A to 11H are textures of Comparative
Example 1 and Examples 1 to 7. Referring to FIG. 11A, light
leakage phenomena are shown at the edge portions of the slit
oratthe border ofthe slits. Referring to FIGS. 11A to 11H, the
light leakage phenomena are mostly removed at the border of
the slits as well as at the edge portions of the slit when
compared to those in FIG. 10A.

[0306] When inspecting the textures, the alignment of the
liquid crystal molecules in the liquid crystal layer including
the smectic material is uniform and stable when compared to
that of a liquid crystal layer not including a ferroelectric
material, thereby improving the luminance of a liquid crystal
display device.

[0307] FIGS. 12A and 12B are graphs illustrating grey
levels of the textures of Comparative Example 1 and
Examples 1 to 7. FIGS. 10A and 10B are evaluated by 256
(2%) grey levels. As the grey level approaches to 0, grey closes
to black, and the concentration of the grey is represented by
the levels from 0 to 255.

[0308] FIG. 12A illustrates the grey level of the textures in
FIGS. 10A to 10H, and the white images are found at the grey
level of about 255. The white image of Comparative Example
1inFIG. 10A is found a lot from about 200 to about 230 of the
grey level, and the peak width thereof is found wide. The
white images of Examples 1 to 7 in FIGS. 10B to 10H are
found a lot from about 235 to about 250 of the grey level, and
the peak width thereofis found narrow when compared to that
of Comparative Example 1. In addition, the white images are
found at the grey level of about 250, and the peak width
becomes narrow from Example 1 to Example 7.

[0309] FIG.12B represents the grey levels of the textures in
FIGS. 11A to 11H, and the black images are found around 0
of the grey level. The black image of Comparative Example 1
in FIG. 11A is found a lot at from about 30 to about 50 of the
grey level, and the peak width thereof is found wide. The
black images of Examples 1 to 7 in FIGS. 11B to 11H are
found a lot from about 0 to about 25 of the grey level, and the
peak width thereof is found narrow when compared to that of
Comparative Example 1. In addition, the black images are
foundat the grey level of about 0, and the peak width becomes
narrow from Example 1 to Example 7.

[0310] When inspecting the graphs in FIGS. 12A and 12B,
the alignment of the liquid crystal molecules in the liquid
crystal layer including the smectic material is uniform and
stable when compared to that of a liquid crystal layer not
including a ferroelectric material, thereby improving the
luminance of a liquid crystal display device.

[0311] FIGS.13A and 13B are graphs illustrating the trans-
mittance of Comparative Example 1 and Examples 1 to 7
according to the distance of the textures. FIGS. 13A and 13B
are graphs obtained by evaluating the transmittance change
according to the distance of the slit after cutting the textures in
one direction.

[0312] FIG.13A illustrates the grey level change according
to the distance of the slit after cutting the textures of FIGS.
10A to 10H in one direction. Referring to FIG. 13A, the
transmittance around the slit is from about 20 to about 100,
and the portions around the slit are found darker than the
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portions other than the slit. The transmittance of the textures
of Examples 1 to 7 is found higher than that of Comparative
Example 1 around the slits.

[0313] FIG. 13B illustrates the grey level change according
to the distance of the slit after cutting the textures of FIGS.
11A to 11H in one direction. Referring to FIG. 13B, the
transmittance around the slit is from about 80 to about 140,
and light leakage defects are found around the slit of Com-
parative Example 1. The transmittance around the slits of
Examples 1 to 7 is from about 20 to about 60, and the light
leakage defects are found to be solved to a certain degree.
[0314] [[Liquid Crystal Display Device in PVA Mode]]
[0315] FIGS. 14A, 15A and 16A are perspective views for
explaining a liquid crystal display device according to an
embodiment of the present invention, FIGS. 14B, 15B and
16B are cross-sectional views for explaining a liquid crystal
display device according to an embodiment of the present
invention, and FIGS. 14C, 15C and 16C are plan views for
explaining a liquid crystal display device according to an
embodiment of the present invention.

[0316] FIGS. 14A to 14C are obtained when no potential
difference is between the first and second electrodes of the
liquid crystal display device. FIGS. 15A to 15C and FIGS.
16A to 16C are obtained when potential difference is present
between the first and second electrodes of the liquid crystal
display device.

[0317] Referring to FIGS. 14A to 16C, the liquid crystal
display device may include a first electrode 530, a second
electrode 630 separated from and opposing the first electrode
530, and a liquid crystal layer 700 filling up a space between
the first and second electrodes 530 and 630.

[0318] Thefirst electrode 530 and the second electrode 630
may be extended in an x-axis direction. According to an
embodiment of the present invention, a slit 532 may be
formed in the first electrode 530. The slit 532 formed in the
first electrode 530 may be extended in a y-axis direction. The
width ofthe slit 532 may be a few pm. In this embodiment, the
first electrode and the second electrode 630 illustrated in
FIGS. 14A to 16C are explained as an illustration, and the
structures of the first and second electrodes 530 and 630 are
not limited thereto in the present invention.

[0319] The liquid crystal layer 700 may include a plurality
of liquid crystal molecules 710. Referring to FIG. 14A, the
plurality of liquid crystal molecules 710 may be aligned in a
first alignment direction that is perpendicular to the surface of
the first or second electrode 530 or 630 when no potential
difference is present between the first and second electrodes
530 and 630. For example, the first alignment direction may
be substantially in parallel to a z-axis direction.

[0320] When the potential difference is generated between
the first and second electrodes 530 and 630, the alignment of
the liquid crystal molecules 710 may be changed to a second
alignment direction that is substantially in parallel to the
extended direction of the first or second electrode 530 or 630.
For example, the second alignment direction may be substan-
tially in parallel to the extended direction of the slit 532. As
described above, the slit 532 is extended in the y-axis direc-
tion, and the second alignment direction may be substantially
in parallel to the y-axis direction.

[0321] According to an embodiment of the present inven-
tion, when potential difference is generated between the first
and second electrodes 530 and 630, the alignment direction of
the liquid crystal molecules 710 may be changed in at least
two steps, and finally the liquid crystal molecules may be
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aligned in the second direction. For example, the operation of
changing the alignment directions of the liquid crystal mol-
ecules 710 may include a first alignment step and a second
alignment step in order. The alignment direction of the liquid
crystal molecules 710 of the liquid crystal layer 700 is not
changed to a target direction immediately because the inten-
sity or the shape of electric field generated between the first
and second electrodes 530 and 630 is different in accordance
with the structures of the first and second electrodes 530 and
630.

[0322] Hereinafter, the first alignment step and the second
alignment step for changing the liquid crystal molecules 710
one by one by generating the potential difference between the
first and second electrodes 530 and 630 will be explained in
detail.

[0323] Referring to FIGS. 15A to 15C, the first alignment
step (as soon as the potential difference is generated between
the first and second electrodes) may be a procedure of chang-
ing the liquid crystal molecules 710 aligned in the first align-
ment direction into a third alignment direction. The third
alignment direction may include directions different from the
first or second alignment directions. The third alignment
direction of the liquid crystal molecules 710 may have vari-
ous alignment directions according to the structures of the
first and second electrodes 530 and 630 and the disposed
position of the liquid crystal molecules 710 between the first
and second electrodes 530 and 630.

[0324] The change of the alignment direction of the liquid
crystal molecules 710 in the first alignment step in accor-
dance with the position between the first and second elec-
trodes 530 and 630 will be explained in more detail for illus-
tration. When potential difference is generated between the
first and second electrodes 530 and 630, relatively strong
electric field may be formed at a center portion (the farthest
portion from the slits) between a pair of adjacent slits 532
between the first electrode 530 and the second electrode 630
in a perpendicular direction of the surface of the first or the
second electrode 530 or 630. In addition, at the portion where
the slit 532 is formed between the first electrode 530 and the
second electrode 630, relatively weak electric field may be
formed obliquely.

[0325] Theliquid crystal molecules 710 disposed at the first
electrode 530 at the center portion between a pair of adjacent
slits 532, where relatively strong electric field is generated
may be changed from the first alignment direction to the third
alignment direction, and the third alignment direction may be
an optional direction and may not be easily anticipated. The
liquid crystal molecules 710 disposed at the first electrode
530 having the slits 532, where relatively weak electric field
is generated may be changed from the first alignment direc-
tion to the third alignment direction, and the third alignment
direction may be a perpendicular direction to the electric
field. According to an embodiment, the alignment direction of
the liquid crystal molecules disposed at one slit of the pair of
slits 532 and the alignment direction of the liquid crystal
molecules disposed at other one slit may be different from
each other. For example, the alignment directions may face to
each other.

[0326] Referring to FIGS. 16A to 16C, the second align-
ment step (after a certain time from the generation of the
potential difference between the first and second electrodes)
may be a procedure of changing the liquid crystal molecules
710 aligned in the third alignment direction to the second
alignment direction. In more detail, the liquid crystal mol-

Dec. 24,2015

ecules 710 at the center portion of a pair of the adjacent slits
532 formed in the first electrode 530 may change to a final
alignment direction that offsets different alignment directions
of adjacent liquid crystal molecules 710. In this embodiment,
the final alignment direction may be the second alignment
direction substantially in parallel to the direction of the slit
532. When the alignment direction of the liquid crystal mol-
ecules 710 at the center portion of the pair of the slits 532 is
changed to the second alignment direction, the alignment
direction of unstably disposed adjacent liquid crystal mol-
ecules 710 may be changed to substantially the same align-
ment direction as the alignment direction of the liquid crystal
molecules 530 at the center portion of the pair of the slits 532.
Thus, the alignment direction of the liquid crystal molecules
710 between the first and second electrodes 530 and 630 may
be changed to the target second alignment direction.

[0327] According to an embodiment of the present inven-
tion, the liquid crystal display device may include a plurality
of pixels. Each pixel may include multi domains. The forma-
tion of the multi domains in one pixel may be determined by
the structures of the first and second electrodes 530 and 630.
[0328] The structures of the first and second electrodes 530
and 630 of the present invention may be diverse, and the
structures of the first and second electrodes 530 and 630 may
not be limited in the present invention only if the alignment
direction of the liquid crystal molecules 710 may be changed
subsequently by the first and second alignment steps as
described above when potential difference is generated
between the first and second electrodes 530 and 630.

[0329] According to an embodiment, the liquid crystal
layer 700 may include a nematic liquid crystal and an achiral
smectic liquid crystal. According to another embodiment, the
liquid crystal layer 700 may include a nematic liquid crystal
and a smectic liquid crystal. The detailed explanation of the
liquid crystal layer 700 is substantially the same as that of the
liquid crystal layer in the PVA mode, and detailed description
thereof will be omitted.

[0330] Because of the nematic liquid crystal and the smec-
tic liquid crystal of the liquid crystal layer 700, the liquid
crystal molecules 710 may have uniform and stable align-
ment. Thus, the luminance of a liquid crystal display device
including the liquid crystal layer 700 may be improved.
Experimental evaluation thereon will be explained in detail
through the following experimental examples.

[0331] According to an embodiment of the present inven-
tion, the liquid crystal layer 700 may include a reactive
mesogen material. The alignment direction of the liquid crys-
tal molecules 710 may be changed from the first alignment
direction to the second alignment direction when potential
difference is generated between the first and second elec-
trodes 530 and 630 due to the reactive mesogen material in the
liquid crystal layer 700. That is, the alignment direction of the
liquid crystal molecules 710 may be changed from the first
alignment direction to the second alignment direction without
being changed from the first alignment direction to the third
alignment direction, thereby improving the response time of
the liquid crystal display device.

[0332] According to another embodiment of the present
invention, the liquid crystal display device may further
include alignment layers 540 and 640 (see FIGS. 17A and
17B) in at least one between the liquid crystal layer 700 and
the first electrode 530 and between the liquid crystal layer 700
and the second electrode 630. The alignment layers 540 and
640 may include a reactive mesogen material. The alignment
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direction of the liquid crystal molecules 710 may be changed
from the first alignment direction to the second alignment
direction when potential difference is generated between the
first and second electrodes 530 and 630 due to the reactive
mesogen material in the alignment layers 540 and 640. That
is, the alignment direction of the liquid crystal molecules 710
may be changed from the first alignment direction to the
second alignment direction without being changed from the
first alignment direction to the third alignment direction,
thereby improving the response time of the liquid crystal
display device.

[0333] FIGS. 17A and 17B are a plan view and a cross-
sectional view for explaining a liquid crystal display device
according to an embodiment of the present invention. FIG.
17B is a cross-sectional view taken along line I-I' in FIG. 17A.
[0334] Referring to FIGS. 17A and 17B, a liquid crystal
display device may include a first display plate 500, a second
display plate 600 separated from and opposing the first dis-
play plate 500, and a liquid crystal layer 700 disposed
between the first and second display plates 500 and 600. In
addition, the liquid crystal display device may further include
a first polarization plate 800 and a second polarization plate
850 having a transmission axis perpendicular to the transmis-
sion axis of the first polarization plate 800.

[0335] The first display plate 500 may include a first sub-
strate 510, a thin film transistor TFT and a first electrode 530.
The first substrate 510 may include a transparent insulating
material such as glass.

[0336] The thin film transistor TFT may be disposed at one
side of the first substrate 510. The thin film transistor TFT
may include a gate electrode 512, a gate insulating layer 514,
a semiconductor 516, a source electrode 522 and a drain
electrode 524 stacked subsequently. The gate electrode 512
may include a single layer or a multi layer of a metal or ametal
alloy, and the gate insulating layer 514 may include silicon
oxide, silicon nitride or silicon oxynitride. The intrinsic semi-
conductor 516 may include amorphous silicon. The source
electrode 522 and the drain electrode 524 may be disposed
separately while facing to each other on the intrinsic semi-
conductor 516. In the intrinsic semiconductor 516 between
the source electrode 522 and the drain electrode 524, a chan-
nel of the thin film transistor TFT may be formed. The source
electrode 522 may be electrically connected with a data line
DL and may receive a data voltage from the data line DL. The
drain electrode 524 may make electrical connection with the
first electrode 530.

[0337] According to an aspect, the thin film transistor TFT
may further include resistive contact members 518 and 520
disposed between the intrinsic semiconductor 516 and the
source and drain electrodes 522 and 524. The resistive contact
members 518 and 520 may include silicide or n+ hydroge-
nated amorphous silicon heavily doped with n-type impuri-
ties.

[0338] On the thin film transistor TFT, a first insulation
layer 526 having a contact hole 528 may be formed. The first
insulation layer 526 may include inorganic insulation mate-
rial such as silicon oxide, silicon nitride, silicon oxynitride,
etc. or an organic insulation material such as a resin, etc. The
contact hole 528 may expose the top surface of the drain
electrode 524.

[0339] Onthe firstinsulation layer 526, a first electrode 530
may be formed. The first electrode 530 may be a pixel elec-
trode. The first electrode 530 may be electrically connected
with the drain electrode by the contact hole. The first elec-
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trode 530 may be applied with a data voltage from the drain
electrode. The first electrode 530 may include a transparent
conductive material such as ITO and 1ZO.

[0340] According to an embodiment of the present inven-
tion, the first electrode 530 may include a domain division
element, for example, a first slit 532. The first slit 532 of the
first electrode 530 corresponds to a removed part of the first
electrode 530. When a voltage is applied between the first
electrode 530 and the second electrode 630, an electric field is
generated between the first and second electrodes 530 and
630, and the electric field may not be formed in a vertical
direction with respect to the surface of the first substrate 510
but may be formed ina slanted direction having both a vertical
component and a horizontal component due to the first slit
532 of the first electrode 530. According to another embodi-
ment of the present invention, the domain division element
may be formed on the first electrode 530 and may have an
extruded shape in a direction from the first electrode 530 to
the liquid crystal layer 700.

[0341] According to an aspect, the first slit 532 may be
formed along the edge portion of the first electrode 530. The
first slit 532 may have a square ring shape when seen from
plane when the first electrode 530 has a square shape. The first
slit 532 of'the first electrode 530 may have diverse structures.
Hereinafter, the structure of the first electrode 530 will be
described in detail.

[0342] As described above, the structure of the first elec-
trode 530 is not limited. The structure of the first electrode
530 may be satisfactory together with the second electrode
630 explained subsequently only when the alignment direc-
tion of the liquid crystal molecules between the first and
second electrodes 530 and 630 may be changed by at least two
steps.

[0343] The first display plate 500 may further include a first
alignment layer 540 between the first electrode 530 and the
liquid crystal layer 700. The first alignment layer 540 may
pre-tilt liquid crystal molecules in the liquid crystal layer 700
in one direction. According to an embodiment, the first align-
ment layer 540 may include at least one selected from the
group consisting of polyamic acid, polyimide, lecithin, nylon
and PVA. According to another embodiment, the first align-
ment layer 540 may further include a reactive mesogen mate-
rial.

[0344] The first polarization plate 800 may be disposed on
the other side of the first substrate 510. The other side of the
first substrate 510 may be a side corresponding to the one
side.

[0345] The second display plate 600 may include a second
substrate 610 and a second electrode 630. The second sub-
strate 610 may include a transparent insulation material such
as glass.

[0346] The second electrode 630 may be disposed on one
side of the second substrate 610, and the one side of the
second substrate 610 may be a side opposing the first display
plate 500. The second electrode 630 may be a common elec-
trode. The second electrode 630 may include a transparent
conductive material such as ITO, IZO, etc.

[0347] According to an embodiment of the present inven-
tion, the second electrode 630 may include a domain division
element, for example, a second slit 632. The second slit 632
corresponds to a removed part of the second electrode 630,
and the second electrode 630 may have a pattern. When a
voltage is applied between the first electrode 530 and the
second electrode 630, an electric field may be generated
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between the first and second electrodes 530 and 630, and the
electric field may not be formed in a vertical direction with
respect to the surface of the second substrate 610 but may be
formed in a slanted direction having both a vertical compo-
nent and a horizontal component due to the second slit 632.
According to another embodiment of the present invention,
the domain division element may be formed on the second
electrode 630 and may have an extruded shape in a direction
from the second electrode 630 to the liquid crystal layer 700.

[0348] According to an aspect, the second slit 632 may
include a first line 632a crossing the center of the second
electrode 630 in a first direction and a second line 6325
crossing the center of the second electrode 630 in a second
direction that is perpendicular to the first direction. The sec-
ond slit 632 may have a cross shape when seen from plane.
The structure of the second electrode 630 will be explained in
detail hereinafter. According to another aspect, the second
electrode 630 may not include the second slit 632 according
to the structure of the first electrode 530.

[0349] As described above, the structure of the second elec-
trode 630 is not limited. The structure of the second electrode
630 may be satisfactory together with the first electrode 530
only when the alignment direction of the liquid crystal mol-
ecules between the first and second electrodes 530 and 630
may be changed by at least two steps.

[0350] According to exemplary embodiments of the
present invention, slanted electric field may be formed
between the first and second electrodes 530 and 630 when a
voltage is applied due to the first and second slits 532 and 632
of the first and second electrodes 530 and 630 as described
above. Therefore, multi-domains D1 to D4 may be formed in
one pixel. In this embodiment, the liquid crystal molecules
may align in four directions, and four domains D1 to D4 may
be formed in one pixel. However, the domain number formed
in one pixel will not be limited thereto in the present inven-
tion.

[0351] According to an embodiment, the second display
plate 600 may further include a color filter 612. The color
filter 612 may be disposed between the second substrate 610
and the second electrode 630. In addition, a shielding member
614 may be disposed on one side of the second substrate 610,
and the color filter 612 may be formed in each area defined by
the shielding member 614. The color filter 612 may be pas-
sivated by a second insulation layer 616. In this embodiment,
the color filter 612 is explained to be disposed on the second
display plate 600, however the color filter 612 may be dis-
posed on the first display plate 500. However, the position of
the color filter 612 is not limited in the present invention.

[0352] According to another embodiment of the present
invention, the second display plate 600 may further include a
second alignment layer 640 between the second electrode 630
and the liquid crystal layer 700. The second alignment layer
640 may pre-tilt the liquid crystal molecules in the liquid
crystal layer 700 in one direction. According to an embodi-
ment, the second alignment layer 640 may include at least one
selected from the group consisting of polyamic acid, polyim-
ide, lecithin, nylon and PVA. According to another embodi-
ment, the second alignment layer 640 may further include a
reactive mesogen material.

[0353] The second polarization plate 850 may be disposed
on the other side of the second substrate 610. The other side of
the second substrate 610 may be a side corresponding to the
one side. The second polarization plate 850 may penetrate
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linearly polarized light vibrating in a vertical direction among
lights penetrated through the first polarization plate 800.
[0354] The liquid crystal layer 700 may fill up a space
between the first and second display plates 500 and 600.
According toanembodiment, the liquid crystal layer 700 may
include a negative nematic liquid crystal, a positive nematic
liquid crystal and a ferroelectric liquid crystal. According to
another embodiment, the liquid crystal layer 700 may include
a non-ferroelectric liquid crystal and a ferroelectric liquid
crystal. The explanation on the liquid crystal layer 700 is
substantially the same as the description concerning the
above PVA mode, and detailed description thereof will be
omitted. According to a further another embodiment, the
liquid crystal layer may further include a mesogen material.
Detailed explanation on the liquid crystal layer 700 is sub-
stantially the same as the description concerning the PVA
mode, and detailed description thereof will be omitted.
[0355] According to an embodiment of the present inven-
tion, the liquid crystal display device may further include an
optical compensation film 830. The optical compensation
film 830 may be disposed between the second polarization
plate 850 and the second substrate 610. When the liquid
crystal molecules maintain a vertically aligned state, the
polarization axes of the first polarization plate 800 and the
second polarization plate 850 may cross at right angles when
observed from a front side, and light leakage may not be
generated, however polarization angles formed by the polar-
ization axes of the first and second polarization plates 800 and
850 may be increased, and light leakage may be generated
when seen from plane. To compensate the light leakage, the
optical compensation film 8,5 such as a biaxial film or a
uniaxial film may be disposed.

[0356] As described above, since the liquid crystal layer
700 of the liquid crystal display device includes the ferroelec-
tric liquid crystal together with the nematic liquid crystal,
uniform alignment of the liquid crystal layer may be attained,
and the stability of the alignment may be improved. Thus, the
luminance of the liquid crystal display device including the
liquid crystallayer 700 may be improved. In addition, since at
least one of the liquid crystal layer 700 and the first and
second alignment layers 540 and 640 further include the
reactive mesogen material, the alignment rate and the align-
ment angle of the liquid crystal molecules in the liquid crystal
layer 700 may be increased, thereby improving optical prop-
erties.

[0357] Hereinafter, the driving of a liquid crystal display
device having the structures of first and second electrodes 530
and 630 illustrated in FIGS. 17A and 17B will be described in
brief.

[0358] When no potential difference is present between the
first and second electrodes 530 and 630, liquid crystal mol-
ecules may be aligned in a first direction that is petpendicular
to the surface of the first and second electrodes 530 and 630.
[0359] When potential difference is generated between the
first and second electrodes 530 and 630, the alignment of the
liquid crystal molecules may be changed to a second align-
ment direction that is substantially in parallel to the extended
direction of the first and second electrodes 530 and 630. In
this embodiment, the second alignment direction of the liquid
crystal molecules may be different depending on the position
of the liquid crystal molecules between the first and second
electrodes. The liquid crystal molecules disposed between the
first and second electrodes and having the first and second
slits may have the second alignment direction that is perpen-
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dicular to the first and second slits. Meanwhile, the liquid
crystal molecules provided between the first and second elec-
trodes and separated from the first and second slits may have
the second alignment direction that is a twisted direction by
about 45° or about 135° with respect to the first and second
slits.

[0360] According to an embodiment of the present inven-
tion, when potential difference is generated between the first
and second electrodes 530 and 630, the alignment direction of
the liquid crystal molecules may be changed by at least two
steps, thereby finally aligning thereofin the second alignment
direction. For example, the changing operation of the align-
ment direction of the liquid crystal molecules may include a
first alignment step and a second alignment step one by one.
The alignment direction of the liquid crystal molecules of the
liquid crystal layer 700 is not changed to a target direction
immediately because the intensity or the shape of electric
field generated between the first and second electrodes 530
and 630 are different in accordance with the structures of the
first and second electrodes 530 and 630.

[0361] Hereinafter, the first alignment step and the second
alignment step for changing the alignment direction of the
liquid crystal molecules one by one by generating the poten-
tial difference between the first and second electrodes 530 and
630 will be explained in detail.

[0362] The first alignment step (as soon as the potential
difference is generated between the first and second elec-
trodes) may be a procedure for changing the alignment direc-
tion of the liquid crystal molecules aligned in the first align-
ment direction into a third alignment direction. The third
alignment direction may include directions different from the
first or second alignment directions.

[0363] The change of the alignment directions of the liquid
crystal molecules in the first alignment step in accordance
with the position between the first and second electrodes 530
and 630 will be explained in more detail forillustration. When
potential difference is generated between the first and second
electrodes 530 and 630, relatively strong electric field may be
formed at a farther portion from the first and second slits. In
addition, at the portion where the first and second slits are
formed, relatively weak electric field may be formed.

[0364] The alignment direction of the liquid crystal mol-
ecules disposed where relatively strong electric field is gen-
erated may be changed from the first alignment direction to
the third alignment direction, and the third alignment direc-
tion may be an optional direction and may not be easily
anticipated. The liquid crystal molecules disposed where
relatively weak electric field is generated may be changed
from the first alignment direction to the third alignment direc-
tion, and the third alignment direction may be a perpendicular
direction to the first and second slits.

[0365] Thesecond alignment step (after a certain time from
the generation of the potential difference between the first and
second electrodes) may be a procedure of changing the align-
ment direction of the liquid crystal molecules aligned in the
third alignment direction to the second alignment direction.
In more detail, the liquid crystal molecules disposed where
relatively strong electric field is generated may be changed to
have the second alignment direction thatis a twisted direction
to about 45° or about 135° with respect to the first and second
slits. The liquid crystal molecules disposed where relatively
weak electric field is generated may be changed to have the
second alignment direction that is perpendicular to the first
and second slits. Thus, the liquid crystal molecules between
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the first and second electrodes 530 and 630 may be changed to
have a target second alignment direction.

[0366] Meanwhile, when the liquid crystal layer 700 or a
first or second alignment layer 540 or 640 includes a reactive
mesogen material, and when potential difference is generated
between the first and second electrodes 530 and 630, the
alignment direction of the liquid crystal molecules having the
first alignment direction may be changed to the second align-
ment direction immediately. That is, the alignment direction
of the liquid crystal molecules may be directly changed from
the first alignment direction to the second alignment direction
while omitting the step of changing to the third alignment
direction.

[0367] Hereinafter, the structures of the first and second
electrodes 530 and 630 will be described in detail. Hereinaf-
ter, the slit structure of the first electrode will be explained in
detail. However, the structures of the first and second elec-
trodes are explained only for illustration, and the present
invention is not limited thereto.

[0368] FIGS. 18A to 18E are plan views for explaining the
structures of first and second electrodes according to exem-
plary embodiments of the present invention.

[0369] Referring to FIG. 18A, a first electrode 530 may
include a first slit 532 formed along the edge portion of the
first electrode 530. When the first electrode 530 has a square
shape, the first slit 532 may have a square ring shape when
seen from plane. The second electrode 630 may include a
second slit 632 including a first line 632a penetrating the
center of the second electrode 630 and extended in a first
direction D1 and a second line 6324 penetrating the center of
the second electrode 630 and extended in a second direction
D2. The first and second directions D1 and D2 may be pet-
pendicular to each other. In addition, the first and second lines
632a and 6325 may be connected to each other. For example,
the second electrode 630 may have a cross shape.

[0370] Referring to FIG. 18B, a first electrode 530 may
include a first slit 532 formed along the edge portion of the
first electrode 530. Different from FIG. 18A, the first slit 532
may not be continvously formed but may include a cut portion
in this embodiment. For example, the cut portion of the first
slit 532 may be formed at the middle of a side. When the first
electrode 530 has a square shape, the first slit 532 may have a
clamp shape disposed at each vertex when seen from plane.
The structure of a second electrode 630 is substantially the
same as that explained in FIG. 18A, and detailed description
thereof will be omitted. For example, the second slit 632 of
the second electrode 630 may have a cross shape.

[0371] Inthis embodiment, the firstslit 532 may be formed
so as not to overlap with the second slit 632. For example, a
portion of the second slit 632 may be overlapped at the cut
portion of the first slit 532.

[0372] Referring to FIG. 18C, a first electrode 530 may
include a first slit 532 formed along the edge portion of the
first electrode 530. Different from FIG. 18A, the first slit 532
may not be continuously formed but may include a cut portion
in this embodiment. For example, the cut portion of the first
slit 532 may be formed at a vertex portion. When the first
electrode 530 has a square shape. the first slit 532 may have a
line shape disposed at each side when seen from plane. The
structure of the second electrode 630 is substantially the same
as that explained in FIG. 18A, and detailed description
thereon will be omitted.

[0373] Referring to FIG. 18D, a first electrode 530 may
include a first slit 532 including a first line 532a formed along
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the edge portion of the first electrode 530 and a second line
532b penetrating the center of the first electrode 530 and
having a cross shape. The first slit 532 may include cut por-
tions. The first electrode 530 may be divided into four areas
by the first slit 532 of the first electrode 530. The second
electrode 630 may include a second slit 632 penetrating the
center of the four areas of the first electrode 530 and having a
cross shape. According to this embodiment, the first and
second slits 532 and 632 may be formed so as not to overlap
with each other.

[0374] Referring to FIG. 18E, a first electrode 530 may
include a stem part 530g having a cross shape and a plurality
of branch parts 5306 extruded and extended in a radial direc-
tion from the stem part 530a. The stem part 530a may be
provided in diverse shapes and may have, for example, a cross
shape. The branch parts 5305 may be extended in four areas
divided by the stem part 530a having the cross shape. Each
branch part 5305 is extended toward each vertex, and may be
separated by the unit of micrometers (im). The branch parts
5304 in neighboring areas may have a mirror image to each
other. The first electrode 530 may include a first slit 532
having a line shape and separating the branch parts 5306. The
distance between the first slits 532 may be a few micrometers.
The first slits 532 may not be connected to each other and have
a separated shape from each other. Meanwhile, the second
electrode 630 may be an electrode having no slit and no
pattern in this embodiment.

[0375] Referring to FIG. 18F, a first electrode 530 may
include a stem part 530a and branch parts 5305 similar to the
first electrode 530 in F1G. 18E, however first slits 532 having
a line shape and separating the branch parts 5306 may be
connected to each other. The second electrode 630 may be an
electrode having no slit and no pattern in this embodiment.
[0376] Hereinafter, the present invention will be explained
in more detail through examples and Comparative Example 2.
However, the examples are explained only for illustrating the
present invention, and the present invention is not limited
thereto and includes various revisions and modifications.

[0377] Liquid Crystal Display Device in LVA Mode
Comparative Example 2
[0378] A liquid crystal display device including a first dis-

play plate including a first electrode having a first slit of a
square ring shape, a second display plate including a second
electrode having a second slit of a cross shape, and a liquid
crystal layer filling up a space between the first and second
display plates was manufactured. The liquid crystal display
device was manufactured in a lattice structure vertical align-
ment (VA) mode having four domains.

[0379] The liquid crystal layer was manufactured by using
about 100 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. The thickness (cell gap) of the liquid crystal layer
of the liquid crystal display device was about 4.5 pm.

Exaniple 8

[0380] A liquid crystal display device including a first dis-
play plate including a first electrode having a first slit of a
square ring shape, a second display plate including a second
electrode having a second slit of a cross shape, and a liquid
crystal layer filling up between a space of the first and second
display plates was manufactured. The liquid crystal display
device was manufactured in a lattice structure VA mode hav-
ing four domains.
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[0381] The liquid crystal layer was manufactured by mix-
ing about 97 wt % of MLC 6608 (An=0.084, A6=-4.3) of
Merck Co. and about 3 wt % of KFL.C 7 (An=0.18) of King-
ston Chemical Co. atabout 100° C. The thickness of the liquid
crystal layer of the liquid crystal display device was about 4.5
pm. The about 3 wt % of the KFL.C 7 included about 2.8 wt %
of an achiral component and about 0.2 wt % of a chiral
component.

Example 9

[0382] Aliquidcrystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0383] The liquid crystal layer was manufactured by mix-
ing about 95 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 5 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 5 wt % of
the KFLC 10 included about 4.5 wt % of an achiral compo-
nent and about 0.5 wt % of a chiral component.

Example 10

[0384] Aliquidcrystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0385] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, AE=-4.3) of
Merck Co. and about 10 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
of the KFLC 3 included about 9.7 wt % of an achiral compo-
nent and about 0.3 wt % of a chiral component.

Example 11

[0386] Aliquidcrystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0387] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 10 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
ofthe KFL.C included about 9.0 wt % of an achiral component
and about 1.0 wt % of a chiral component.

Example 12

[0388] Aliquid crystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0389] The liquid crystal layer was manufactured by mix-
ing about 85 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. and about 15 wt % of KFLC 5 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 15 wt %
of the KFLC 5 included about 14.3 wt % of an achiral com-
ponent and about 0.7 wt % of a chiral component.

Example 13

[0390] Aliquidcrystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0391] The liquid crystal layer was manufactured by mix-
ing about 80 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 20 wt % of KFLC 7 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 20 wt %
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of the KFLC 7 included about 18.6 wt % of an achiral com-
ponent and about 1.6 wt % of a chiral component.

Example 14

[0392] Aliquidcrystal display device was manufactured by
the same procedure described in Example 8 except for the
material of the liquid crystal layer.

[0393] The liquid crystal layer was manufactured by mix-
ing about 70 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. and about 30 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 30 wt %
of the KFLC 3 included about 29.1 wt % of an achiral com-
ponent and about 0.9 wt % of a chiral component.

[0394] The constituting components and the thickness of
the liquid crystal layer in Comparative Example 2 and
Examples 8 to 14 are illustrated in the following Table 2.

TABLE 2
Smectic liquid crvstal Thickness of
Nematic Achiral Chiral liquid crystal
liquid crystal  component — component layer
Comparative 100 wt % 0 0 4.5 pm
Example 2
Example 8 97 wt % 28 wt%  02wt% 4.5 um
Example 9 95 wt % 45 wt%  05wt% 4.5 um
Example 10 90 wt % 9.7 wt% 03 wt% 4.5 um
Example 11 90 wt % 90 wt% 1.0wt% 4.5 um
Example 12 85 wt % 143 wt%  0.7wt% 4.5 um
Example 13 80 wt % 186 wt%  1.6wt% 4.5 um
Example 14 70 wt % 291 wt%  09wt% 4.5 um
[0395] Evaluation of Transmittance

[0396] FIG. 19 is a graph for comparing the transmittance
ofthe liquid crystal display devices according to Comparative
Fxample 2 and Examples 8 to 14. In FIG. 19, the graph
illustrates the transmittance according to an applied voltage.
In FIG. 3, x-axis represents an applied voltage, and the unit
thereof is [V], and y-axis represents transmittance.

[0397] Referring to FIG. 19, the transmittance of the liquid
crystal display devices according to Examples 8 to 14 is good
in general when compared to that of a liquid crystal display
device according to Comparative Example 2. In more detail,
the transmittance of the liquid crystal display devices of
Examples 8 and 9 is increased very slightly when compared to
that of Comparative Example 2. In addition, the transmittance
of the liquid crystal display devices of Examples 10 to 14 is
about 1.2 and is excellent when compared to that of the liquid
crystal display device of Comparative Example 1 of which
transmittance is about 0.6.

[0398] Through the above evaluation, the achiral smectic
liquid crystal in the liquid crystal layer of Examples 8 to 14 is
expected to induce the alignment of the liquid crystal mol-
ecules uniformly and stably. Thus, the transmittance of the
liquid crystal display devices of Examples 8 to 14 is better
than that of the liquid crystal display device of Comparative
Example 2.

[0399] FIG. 20A is a graph illustrating the transmittance of
the liquid crystal display devices of Examples 8 to 14 and the
transmittance of the liquid crystal display device of Compara-
tive Example 2 according to the amount of an achiral com-
ponent in a liquid crystal layer, and FIG. 20B is a graph
illustrating the transmittance of the liquid crystal display
devices of Examples 8 to 14 and transmittance of the liquid
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crystal display device of Comparative Example 2 according
to the amount of a chiral component in a liquid crystal layer.
In FIGS. 20A and 20B, x-axes represent the amounts of the
achiral component and the chiral component, and the unit
thereof is [wt %], and y-axes represent transmittance.
[0400] Referring to FIG. 20A, as the amount of the achiral
component in the liquid crystal layer increases, the transmit-
tance of the liquid crystal display devices increases. In more
detail, the transmittance of the liquid crystal display device of
Comparative Example 2 without the achiral component
exhibits the transmittance of about 0.63, however the trans-
mittance of the liquid crystal display devices increases as the
amount of the achiral component in the liquid crystal layer
increases. In addition, when the amount of the achiral com-
ponent in the liquid crystal layer is greater than or equal to
about 9.7 wt %, the transmittance increases to about 0.8.
[0401] Referring to FIG. 20B, as the amount of the chiral
component in the liquid crystal layer increases, the transmit-
tance of the liquid crystal display devices increases in general
even though somewhat irregular. In more detail, the transmit-
tance of the liquid crystal display device of Comparative
Example 2 without the chiral component exhibits the trans-
mittance of about 0.63, however the transmittance of the
liquid crystal display devices increases as the amount of the
achiral component in the liquid crystal layer increases. In
addition, when the amount of the chiral component in the
liquid crystal layer is greater than or equal to about 0.9 wt %,
the transmittance increases to about 0.8.

[0402] Evaluation of Textures

[0403] FIGS. 21A to 21H and FIGS. 22A to 22H are tex-
tures of the liquid crystal display devices of Comparative
Example 2 and Examples 8 to 14.

[0404] In the liquid crystal display devices, a voltage of
about 7 V was applied, and a cross polarization plate was
rotated to obtain white images and black images in FIGS. 21A
to 21H and FIGS. 22A to 22H.

[0405] The textures of FIGS. 21A to 21H are white images
under the cross polarization plate. In more detail, the white
images are obtained when the angle between the cross polar-
ization plate and the liquid crystal molecules of the liquid
crystal layer is about 45°, and bright images are shown via the
penetration of lights through the liquid crystal layer. This may
be confirmed in the above Mathematical Formula 1.

[0406] Inthe above Mathematical Formula 1, T is transmit-
tance, ¢ is an angle formed by a polarization plate and liquid
crystal molecules, An is a birefringence value, d is the thick-
ness of a liquid crystal layer, and A is the wavelength of
exposing lights. In Mathematical Formula 1, when ¢ is 45°,a
sin’ value is the maximum value, and the transmittance is the
highest.

[0407] FIGS. 21A to 21H are textures of Comparative
Example 2 and Examples 8 to 14. Referring to FIG. 21A,
defects appearing black are shown at the edge portions of the
slit or at the border of the slits. Referring to FIGS. 21B to 21H,
the defects appearing black are removed at the border of the
slits as well as at the edge portions of the slit.

[0408] The textures in FIGS. 22A to 22H exhibit black
images under the cross polarization plate. In more detail, the
black images are obtained when the angle between the cross
polarization plate and the liquid crystal molecules of the
liquid crystal layer is about 0°, and black images are shown
because a rotated upper polarization plate has perpendicular
polarization with respect to polarized lights penetrated
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through the liquid crystal layer. In the above Mathematical
Formula 1, when ¢ is 0°, a sin® value is 0, and the transmit-
tance becomes 0.

[0409] FIGS. 22A to 22H are textures of Comparative
Example 2 and Examples 8 to 14. Referring to FIG. 22A, light
leakage phenomena are shown at the edge portions of the slit
oratthe border of the slits. Referring to FIGS. 22B to 22H, the
light leakage phenomena are mostly removed at the border of
the slits as well as at the edge portions of the slit when
compared to FIG. 22A.

[0410] When inspecting the textures, the alignment of the
liquid crystal molecules in the liquid crystal layer including
the smectic material is uniform and stable when compared to
that of a liquid crystal layer not including a ferroelectric
material, thereby improving the luminance of a liquid crystal
display device.

[0411] FIGS. 23A and 23B are graphs illustrating grey
levels of the textures of Comparative Example 2 and
Examples 8 to 14. FIGS. 23A and 23B are evaluated by 256
(2*) grey levels. As the grey level approaches to 0, grey closes
to black, and the concentration of the grey is represented by
the levels from 0 to 255.

[0412] FIG. 23A illustrates the grey level of the textures in
FIGS.21A to 21H, and the white images are found around the
grey level of from about 150 to about 230. The white image of
Comparative Example 2 in FIG. 21A is found a lot from about
150 to about 200 of the grey level, and the peak width thereof
is found wide. The white images of Examples 8 to 14 in FIGS.
21Bto 21H are found a lot from about 200 1o about 230 of the
grey level, and the peak width thereof is found narrower when
compared to that of Comparative Example 2. In addition, the
white images are found around the grey level of about 230,
and the peak width becomes narrow from Example 8 to
Example 14.

[0413] FIG.23B represents the grey levels of the textures in
FIGS. 22A to 22H, and the black images are found around 0
of the grey level. The black image of Comparative Example 2
in FIG. 22A is found a lot from about 30 to about 50 of the
grey level, and the peak width thereof is found wide. The
black images of Examples 8 to 14 in FIGS. 22B to 22H are
found a lot from about 0 to about 25 of the grey level, and the
peak width thereof is found narrower when compared to that
of Comparative Example 2. In addition, the black images are
found around the grey level of about 0, and the peak width
becomes narrow from Example 8 to Example 14.

[0414] When inspecting the graphs in FIGS. 23A and 23B,
the alignment of the liquid crystal molecules in the liquid
crystal layer including the smectic material is uniform and
stable when compared to that of a liquid crystal layer not
including a ferroelectric material, thereby improving the
luminance of a liquid crystal display device.

[0415] FIGS. 24A and 24B are graphs illustrating the trans-
mittance of Comparative Example 2 and Examples 8 to 14
according to the distance of the textures.

[0416] FIG. 24A illustrates transmittance according to the
distance of the slit after cutting the textures of FIGS. 21A to
21H in one direction. Referring to FIG. 24A, the transmit-
tance around the slit is from about 130 to about 180, and the
portions around the slit are found darker than the portions
other than the slit. The transmittance of Examples 8 to 14 is
found from about 180 to about 230. The transmittance of
Examples 8 to 14 is found higher than that of Comparative
Example 2 around the slit.
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[0417] FIG. 24B illustrates transmittance according to the
distance of the slit after cutting the textures of FIGS. 22A to
22H in one direction. Referring to FIG. 24B, the transmit-
tance around the slit is greater than or equal to about 80, and
light leakage defects are found around the slit of Comparative
Example 2. The transmittance around the slit of Examples 8 to
14 is less than or equal to about 80, and the light leakage
defects are found to be solved to a certain degree.

[0418] [[Liquid Crystal Display Device in FFS Mode]]

[0419] FIGS. 25 and 26 are a plan view and a cross-sec-
tional view for explaining a liquid crystal display device
according to an embodiment of the present invention.
[0420] Referring to FIGS. 25 and 26, a liquid crystal dis-
play device 2 includes a first substrate 900, a second substrate
1000 opposing the first substrate 900 and a liquid crystal layer
1100 formed between the first substrate 900 and the second
substrate 1000. Since the first substrate 900 corresponds to a
substrate on which thin film transistors are formed, the first
substrate 900 is called a thin film transistor substrate. Since
the second substrate 1000 corresponds to a substrate on which
color filters CF are formed, the second substrate 1000 is
called a color filter substrate.

[0421] The first substrate 900 includes a first insulation
substrate 901, a plurality of gate lines, a plurality of data lines
and a plurality of pixels PXL. The first insulation substrate
901 has an approximately square shape and is formed using a
transparent insulating material.

[0422] The gate lines are formed on the first insulation
substrate 901 and are extended in a first direction. The gate
lines include, for example, n+p numbers of gate lines GL1, .
.., GLn, GLn+1, . .., GL(n+p)-1, GL(n+p).

[0423] Thedatalines are extended in a second direction that
is crossing the first direction and are separated from the gate
lines with an insulation layer therebetween. The data lines
include, for example, m+q numbers of data lines DL, . . .,
DLm, DLm+l, . . ., DL(m+q)-1, DL(m+q). Each pixel is
connected to one of the gate lines GL1, .. ., GLn, GLn+1, ..
.» GL{n+p)-1, GL(n+p) and one of the data lines DL1, .. .,
DLm, DLm+], . .., DL(m+q)-1, DL(m+q).

[0424] Since each pixel PX1. has the same structure, an n-th
gate line GLn, an m-th data line DLm and one pixel PXL are
illustrated in FIG. 23 for convenience of explanation.

[0425] Each pixel PXL includes a thin film transistor, a
pixel electrode PE connected to the thin film transistor, a
passivation layer 913 covering the pixel electrode PE, and a
common electrode CE separately provided from the pixel
electrode PE. The thin film transistor includes a gate electrode
GE, a gate insulation layer 911, a semiconductor pattern SM,
a source electrode SE and a drain electrode DE.

[0426] The gate electrode GE is extruded from the n-th gate
line GLn or provided in a partial area of the n-th gate line
GLn.

[0427] Thegate electrode GE may be formed using a metal.
The gate electrode GE may be formed using nickel, chro-
mium, molybdenum, aluminum, titanium, copper, tungsten
and an alloy thereof. The gate electrode GE may be formed as
a single layer or a multi layer using the metal. For example,
the gate electrode GE may be a triple layer obtained by
stacking molybdenum, aluminum and molybdenum one by
one, or a double layer obtained by stacking titanium and
copper one by one. Alternatively, the gate electrode GE may
be a single layer formed by using an alloy of titanium and
copper.
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[0428] The gate insulation layer 911 is provided on the
front side of the first insulation substrate 901 to cover the n-th
gate line GLn and the n-th gate line GLn.

[0429] The semiconductor pattern SM is provided on the
gate insulation layer 911. The semiconductor pattern SM is
partially overlapped with the gate electrode GE. The semi-
conductor pattern SM includes an active pattern ACT pro-
vided on the gate insulation layer 911 and an ohmic contact
layer OC formed on the active pattern ACT. The active pattern
ACT may be formed as an amorphous silicon thin film, and
the ohmic contact layer OC may be formed as an n+ amor-
phous silicon thin film. The ohmic contact layer OC is pro-
vided between a portion of the active pattern ACT and a
source electrode SE described later and between another por-
tion of the active pattern ACT and a drain electrode DE
described later. The ohmic contact layer OC makes ohmic
contact between the active pattern ACT and the source elec-
trode SE and the drain electrode DE, respectively.

[0430] The source electrode SE is branched from the m-th
data line DLm and provided. The source electrode SE is
formed on the ohmic contact layer OC and is partially over-
lapped with the gate electrode GE.

[0431] The drain electrode DE is separated from the source
electrode SE and provided with the semiconductor pattern
SM therebetween. The drain electrode DE is formed on the
ohmic contact layer OC and is partially overlapped with the
gate electrode GE.

[0432] The source electrode SE and the drain electrode DE
may be formed using nickel, chromium, molybdenum, alu-
minum, titanium, copper, tungsten and an alloy thereof. The
source electrode SE and the drain electrode DE may be
formed as a single layer or a multi layer using the metal. For
example, the source electrode SE and the drain electrode DE
may be a double layer obtained by stacking titanium and
copper one by one. Alternatively, the source electrode SE and
the drain electrode DE may be a single layer formed by using
an alloy of titanium and copper.

[0433] The source electrode SE and the drain electrode DE
are provided so as to be separated to a certain distance on the
semiconductor pattern SM. Thus, the top surface of the active
pattern ACT between the source electrode SE and the drain
electrode DE is exposed, thereby forming a channel part CH
forming a conductive channel between the source electrode
SE and the drain electrode DE according to the application of
the voltage of the gate electrode GE.

[0434] The pixel electrode PE is provided on the drain
electrode DE and the gate insulation layer 911. The pixel
electrode PE is provided directly on a portion of the drain
electrode DE and the gate insulation layer 911 and makes a
direct contact with a portion of the drain electrode DE and the
gate insulation layer 911.

[0435] The pixel electrode PE has an approximately square
shape when seen from plane and is not limited thereto. The
pixel electrode PE may have diverse shapes according to the
shape of a pixel. The pixel electrode PE is formed as a whole
plate without pattern such as opening parts therein.

[0436] The common electrode CE may include a pattern
having an opening part. According to an embodiment of the
present invention, the common electrode CE may be extended
in one direction and may have an equally-spaced stripe struc-
ture. Even though the common electrode CE having a stripe
structure is explained as an illustration in this embodiment,
the structure of the common electrode CE is not limited
thereto in the present invention.
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[0437] According to another embodiment of the present
invention, the first substrate 900 may further include a first
alignment layer 915 between the common electrode CE and
the liquid crystal layer 1100. The first alignment layer 915
may pre-tilt the liquid crystal molecules in the liquid crystal
layer 1100 in one direction. According to an embodiment, the
first alignment layer 915 may include at least one selected
from the group consisting of polyamic acid, polyimide, leci-
thin, nylon and PVA. According to another embodiment, the
first alighment layer 915 may further include a reactive
mesogen material.

[0438] According to a further another embodiment of the
present invention, the second substrate 1000 may further
include a second alignment layer 1015 between the color
filter CF and the liquid crystal layer 1100. According to an
embodiment, the second alignment layer 1015 may include at
least one selected from the group consisting of polyamic acid,
polyimide, lecithin, nylon and PVA. According to another
embodiment, the second alignment layer 1015 may further
include a reactive mesogen material.

[0439] The liquid crystal layer 1100 may fill up a space
between the first and second substrates 900 and 1000.
According to an embodiment, the liquid crystal layer 1100
may include a negative nematic liquid crystal, a positive
nematic liquid crystal and a ferroelectric liquid crystal.
According to another embodiment, the liquid crystal layer
1100 may include a non-ferroelectric liquid crystal and a
ferroelectric liquid crystal. The explanation on the liquid
crystal layer 1100 is substantially the same as that explained
in the liquid crystal layer in the PVA mode, and detailed
description thereof will be omitted.

[0440] As described above, since the liquid crystal layer
1100 of the liquid crystal display device in a field fringe
switching (FFS) mode includes the ferroelectric liquid crystal
together with the nematic liquid crystal, the alignment of the
liquid crystal layer may become uniform and the stability of
the alignment thereof may be improved. Thus, the luminance
ofthe liquid crystal display device including the liquid crystal
layer 1100 may be improved. In addition, since the first and
second alignment layers 915 and 1015 further include the
reactive mesogen material, the alignment rate and the align-
ment angle of the liquid crystal molecules in the liquid crystal
layer 1100 may be increased, thereby improving optical prop-
erties.

[0441] Hereinafter, the present invention will be explained
in detail through examples and Comparative Example 3.
However, the following examples are described only for illus-
trating the present invention. Thus, the present invention is
not limited thereto and may be modified and changed
diversely.

[0442] Liquid Crystal Display Device in FFS Mode

Comparative Example 3

[0443] A liquid crystal display device of FIGS. 1 and 2
including a first substrate including a common electrode hav-
ing a stripe pattern and a pixel electrode of a whole plate, a
second display plate and a liquid crystal layer filling up a
space between the first and second display plates was manu-
factured. The liquid crystal display device was manufactured
in a FFS mode.

[0444] The liquid crystal layer was manufactured by using
about 100 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. The thickness (cell gap) of the liquid crystal layer
of the liquid crystal display device was about 4.5 um.
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Example 15

[0445] A liquid crystal display device including a first sub-
strate including a common electrode having a stripe pattern
and a pixel electrode of a whole plate, a second display plate
and a liquid crystal layer filling up a space between the first
and second display plates was manufactured. The liquid crys-
tal display device was manufactured in a FFS mode.

[0446] The liquid crystal layer was manufactured by mix-
ing about 97 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. and about 3 wt % of KFL.C 7 (An=0.18) of King-
ston Chemical Co. atabout 100° C. The thickness of the liquid
crystal layer of the liquid crystal display device was about 4.5
pm. The about 3 wt % of the KFL.C 7 included about 2.8 wt %
of an achiral component and about 0.2 wt % of a chiral
component.

Example 16

[0447] Aliquid crystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0448] The liquid crystal layer was manufactured by mix-
ing about 95 wt % of MLC 6608 (An=0.084, A6=—4.3) of
Merck Co. and about 5 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 5 wt % of
the KFLC 10 included about 4.5 wt % of an achiral compo-
nent and about 0.5 wt % of a chiral component.

Example 17

[0449] Aliquid crystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0450] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 10 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
of the KFLC 3 included about 9.7 wt % of an achiral compo-
nent and about 0.3 wt % of a chiral component.

Example 18

[0451] Aliquid crystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0452] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 10 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
ofthe KFLC included about 9.0 wt % of an achiral component
and about 1.0 wt % of a chiral component.

Example 19

[0453] Aliquidcrystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0454] The liquid crystal layer was manufactured by mix-
ing about 85 wt % of MLC 6608 (An=0.084, Ac=—4.3) of
Merck Co. and about 15 wt % of KFLC 5 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 15 wt %
of the KFLC 5 included about 14.3 wt % of an achiral com-
ponent and about 0.7 wt % of a chiral component.
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Example 20

[0455] Aliquid crystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0456] The liquid crystal layer was manufactured by mix-
ing about 80 wt % of MLC 6608 (An=0.084, A6=—4.3) of
Merck Co. and about 20 wt % of KFLC 7 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 20 wt %
of the KFLC 7 included about 18.6 wt % of an achiral com-
ponent and about 1.6 wt % of a chiral component.

Example 21

[0457] Aliquid crystal display device was manufactured by
the same procedure described in Example 15 except for the
material of the liquid crystal layer.

[0458] The liquid crystal layer was manufactured by mix-
ing about 70 wt % of MLC 6608 (An=0.084, A6=—4.3) of
Merck Co. and about 30 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 30 wt %
of the KFLC 3 included about 29.1 wt % of an achiral com-
ponent and about 0.9 wt % of a chiral component.

[0459] The constituting components and the thickness of

the liquid crystal layer in Comparative Example 3 and
Examples 15 to 21 are illustrated in the following Table 3.

TABLE 3
Smectic liquid crystal Thickness of
Nematic Achiral Chiral liquid crystal
liquid crystal component — component layer
Comparative 100 wt % 0 0 4.5 pm
Example 3
Example 15 97 wt % 28 wt%  0.2wt% 4.5 um
Example 16 95 wt % 45 wt%  05wt% 4.5 pm
Example 17 90 wt % 9.7 wt% 03wt% 4.5 pm
Example 18 90 wt % 90 wt% 1.0wt% 4.5 pm
Example 19 85 wt % 143 wt% 0.7wt% 4.5 pm
Example 20 80 wt % 186 wt%  1.6wt% 4.5 pm
Example 21 70wt % 291 wt%  09wt% 4.5 pm
[0460] Evaluation of Transmittance

[0461] FIG. 27 is a graph for comparing the transmittance
of the liquid crystal display devices according to Comparative
Example 3 and Examples 15 to 21. In FIG. 27, the graph
illustrates the transmittance according to an applied voltage.
In FIG. 27, x-axis represents an applied voltage, and the unit
thereof is [V], and y-axis represents transmittance.

[0462] Referring to FIG. 27, the transmittance of the liquid
crystal display devices according to Examples 15 to 21 is
good in general when compared to that of a liquid crystal
display device according to Comparative Example 3. In more
detail, the transmittance of the liquid crystal display device of
Example 15 is increased very slightly when compared to that
of Comparative Example 3. In addition, the transmittance of
the liquid crystal display devices of Examples 16 to 20 1s from
about 1.8 to about 2.0 and is excellent when compared to that
of the liquid crystal display device of Comparative Example
3 of which transmittance is about 1.5.

[0463] Through the above evaluation, the achiral smectic
liquid crystal in the liquid crystal layer of Examples 15 to 21
is expected to induce the alignment of the liquid crystal mol-
ecules uniformly and stably. Thus, the transmittance of the
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liquid crystal display devices of Examples 15 to 21 is better
than that of the liquid crystal display device of Comparative
Example 3.

[0464] FIG. 28A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 3
and the transmittance the liquid crystal display devices of
Examples 15 to 21 according to the amount of an achiral
component in a liquid crystal layer, and FIG. 28B is a graph
illustrating the transmittance of the liquid crystal display
device of Comparative Example 3 and the transmittance the
liquid crystal display devices of Examples 15 to 21 according
to the amount of a chiral component in a liquid crystal layer.
In FIGS. 28A and 28B, x-axes represent the amounts of the
achiral component and the chiral component, and the umt
thereof is [wt %], and y-axes represent transmittance.

[0465] Referring to FIG. 28A, when the amount of the
achiral component in the liquid crystal layer is about 10 wt %,
the highest transmittance is shown. The transmittance is
somewhat low when the amount of the achiral component
increases above 10 wt %, however is higher than that when the
achiral component is not included. However, the transmit-
tance is lower than that of Comparative Example 3 only when
the achiral component is about 30 wt %.

[0466] Referring to FIG. 28B, when the chiral component
is in the liquid crystal layer, the transmittance is higher in
general when compared to that when the chiral component is
notincluded. However, the transmittance is lower than that of
Comparative Example 3 only when the chiral component is
about 0.7 wt %.

[0467] Evaluation of Response Time

[0468] FIG.29A isa graph for comparing the response time
of the liquid crystal display devices of Comparative Example
3 and Examples 15 to 21. In FIG. 29A, x-axis represents an
applied voltage, and the unit thereof is [V], and y-axis repre-
sents response time, and the unit thereof is [ms].

[0469] Referring to FIG. 29A, the response time of the
liquid crystal display devices of Examples 15 to 21 increases
to acertain degree when compared to that of the liquid crystal
display device of Comparative Example 3. Meanwhile, the
response time of the liquid crystal display device including a
liquid crystal layer of Example 18 is substantially similar to
that of Comparative Example 3. The response time increased
to a certain degree is expected to decrease by changing the
amount or the kind of the nematic liquid crystal. In addition,
the increased response time is expected to decrease by addi-
tionally adding a reactive mesogen material in the liquid
crystal layer.

[0470] FIG. 29B is a graph illustrating the rising time and
the falling time of the liquid crystal display device of Com-
parative Example 3 and the rising time and the falling time of
the liquid crystal display devices of Examples 15 to 21
according to the amount of an achiral component. In FIG.
29B, x-axis represents the amount of an achiral component,
and the unit thereof is [wt %], and y-axis represents time, and
the unit thereof is [ms].

[0471] When the target transmittance of a liquid crystal
display device is set to 100%, it takes time to exhibit the
transmittance of 100% when the liquid crystal display device
is turned on. The rising time means the time necessary for
exhibiting the transmittance from about 10% to about 90%
after turning on the liquid crystal display device. On the
contrary, it takes time to exhibit the transmittance of 0% when
the liquid crystal display device is turned off. The falling time
means the time necessary for exhibiting the transmittance
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from about 90% to about 10% after turning off the liquid
crystal display device. The response time is the sum of the
rising time and the falling time.

[0472] The rising time is about 50 ms, the falling time is
about 60 ms and the response time is about 110 ms for the
liquid crystal display device of Comparative Example 3.
Referring to the data of Examples 15 to 21, the rising time and
the falling time increase to a certain degree, and so, the
response time increases to a certain degree when compared to
that of Comparative Example 3.

[0473] FIG.29C is a graph illustrating the rising time of the
liquid crystal display devices of Comparative Example 3 and
Examples 15 to 21 according to an applied voltage, and FIG.
29D is a graph illustrating the falling time of the liquid crystal
display devices of Comparative Example 3 and Examples 15
to 21 according to an applied voltage. In FIGS. 29C and 29D,
x-axes represent an applied voltage, and the unit thereof is
[V], and y-axes represent time, and the unit thereof is [ms].
[0474] Referring to FIG. 29C, the rising rate of the liquid
crystal display devices of Examples 15 to 21 is increased to a
certain degree when compared to that of the liquid crystal
display device of Comparative Example 3. Meanwhile, the
rising rate of the liquid crystal display device including the
liquid crystal layer of Example 18 is substantially similar to
that of Comparative Example 3.

[0475] Referring to FIG. 29D, the falling rate of the liquid
crystal display devices of Examples 15 to 21 is increased to a
certain degree when compared to that of the liquid crystal
display device of Comparative Example 3. Meanwhile, the
falling rate of the liquid crystal display devices including the
liquid crystal layers of Examples 18 and 19 is substantially
similar to that of Comparative Example 3.

[0476] The somewhat increased rising rate and falling rate
may be expected to decrease by changing the amount or the
kind of the nematic liquid crystal. Alternatively, the increased
rising rate and the falling rate may be lowered by additionally
adding a reactive mesogen material in the liquid crystal layer.
[0477] Evaluation of Textures

[0478] FIGS. 30A to 30H and FIGS. 31A to 31H are tex-
tures of the liquid crystal display devices of Comparative
Example 3 and Examples 15 to 21.

[0479] Inthe liquid crystal display devices of Comparative
Example 3 and Examples 15 to 21, a voltage of about 7V was
applied, and a cross polarization plate was rotated to obtain
white images in FIGS. 30A to 30H. Referring to FIG. 30A,
defects appearing black are shown at the edge portions of the
slit or at the border of the slits. Referring to FIGS. 30B to 30H,
the images are brighten overall when compared to that of FIG.
30A. In addition, the defects appearing at the border of the
slits as well as at the edge portions of the slit are removed from
the images of FIGS. 30D to 30F.

[0480] Inthe liquid crystal display devices of Comparative
Example 3 and Examples 15 to 21, a voltage of about 7V was
applied, and a cross polarization plate was rotated to obtain
black images in FIGS. 31A to 31H. When comparing the
images of FIGS. 31A and 31B, the light leakage phenomena
are relaxed in the image of FIG. 31B.

[0481] When inspecting the textures, the alignment of the
liquid crystal molecules in the liquid crystal layer including
the smectic material is uniform and stable when compared to
that of a liquid crystal layer not including a ferroelectric
material, thereby improving the luminance of aliquid crystal
display device.
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[0482] FIGS.32A and 32B are graphs illustrating the trans-
mittance of the textures of Comparative Example 3 and
Examples 15 to 21 according to the distance of the texture.
FIGS. 32A and 32B are evaluated by 256 (2%) grey levels. As
the grey level approaches to 0, grey closes to black, and the
concentration of the grey are represented by the levels from 0
to 255.

[0483] FIG. 32A illustrates the grey level of the textures in
FIGS. 30A to 30H, and the white images are found around the
grey level from about 150 to about 230. The white image of
Comparative Example 3 in FIG. 32A is found a lot from about
150 to about 200 of the grey level, and the peak width thereof
is found wide. The white images of Examples 15, 2 and 5 are
found a lot from about 180 to about 200 of the grey level, and
the peak width thereof is found narrower than that of Com-
parative Example 3. In addition, the white images are found a
lot around the grey level from about 190 to about 230 in
Examples 17 and 18.

[0484] FIG. 32B represents the grey level of the textures in
FIGS.31A to 31H, and the black images are found from about
0 to about 50 of the grey level. Two peaks of the black image
of Comparative Example 3 are found at about 50 and about
130, and the peak width thereof is found wide. The black
images of Examples 15 to 19 are found at about 20, about 60
and about 150, and the peak width thereof is found the highest
at about 20, and the peak width is somewhat narrow.

[0485] When inspecting the graphs in FIGS. 32A and 32B,
the effects are somewhat slight when compared to those of
Comparative Example 3 in general, however, the liquid crys-
tal display devices of Examples 17 and 19 exhibit good grey
levels. The alignment of the liquid crystal molecules in the
liquid crystal layer including the smectic material is uniform
and stable when compared to that of a liquid crystal layer not
including a ferroelectric material, thereby improving the
luminance of a liquid crystal display device.

[0486] FIGS.33A and 33B are graphs illustrating the trans-
mittance of the textures of Comparative Example 3 and
Examples 15 to 21 according to the distance of the textures.

[0487] FIG. 33A illustrates transmittance change accord-
ing to the distance of the slit after cutting the textures of FIGS.
30A to 30H in one direction. Referring to FIG. 32A, the
transmittance around the slit is about 120, and the portions
around the slit are found darker than the portions other than
the slit. The transmittance of Examples 17 and 18 are found
higher than that of Comparative Example 3 around the slits.

[0488] FIG.33Billustrates transmittance change according
to the distance of the slit after cutting the textures of FIGS.
31A to 31H in one direction. Referring to FIG. 32B, the
transmittance around the slit is about 80, and light leakage
defects are found around the slit of Comparative Example 3.
The transmittance around the slit of Examples 17 and 18 is
less than or equal to about 80, and the light leakage defects are
found to be solved to a certain degree.

[0489] [[Liquid Crystal Display Device in IPS Mode]]
[0490] FIGS. 34 and 35 are a plan view and a cross-sec-
tional view for explaining a liquid crystal display device
according to an embodiment of the present invention.
[0491] Referring to FIGS. 34 and 35, a liquid crystal dis-
play device B includes an upper display plate 1300, a oppos-
ing lower display plate 1200, and a liquid crystal layer 1400
disposed between the upper display plate 1300 and the lower
display plate 1200. Theliquid crystal display device B may be
in an in plane switching (IPS) mode.
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[0492] Thelowerdisplay plate 1200 may include a thin film
transistor T, a common electrode 18 and a pixel electrode 30
in each of a plurality of pixel areas P defined on a transparent
and insulating first substrate 1210. The thin film transistor T
may include a gate electrode 14, a semiconductor layer 22
formed on the gate electrode 14 with an insulation layer 20
therebetween, and source electrode and drain electrodes 24
and 26 separately formed from each other on the semicon-
ductor layer 22.

[0493] Thecommon electrode 18 and the pixel electrode 30
may be separated in parallel to each other on the same first
substrate 1210. The common electrode 18 may be formed as
the same layer using the same material as the gate electrode
14, and the pixel electrode 30 may be formed as the same
layer using the same material as the source and drain elec-
trodes 24 and 26.

[0494] A gate line GL extended along a first side direction
of a pixel area P and a data line DL extended in a second side
direction that is perpendicular to the first side direction may
be included, and a common line CL for applying a voltage to
the common electrode 18 may be provided. The common line
CL may be extended along a third side of the pixel area P
separated from the gate line GL in parallel. In the pixel area,
a common electrode 18 having a first pattern and a pixel
electrode 30 having a second pattern may be provided. The
first pattern may have a structure not overlapping with the
second pattern. For example, the common electrode 18 may
have a first pattern extended in a perpendicular direction to the
common line CL, and spaced in parallel to each other. The
pixel electrode 30 may have a second pattern separated
between the common electrodes 18 in parallel to the common
electrode 18. In this case, the first pattern and the second
pattern may not be overlapped with each other. In this
embodiment, each of the first and second patterns is explained
to have a line shape, however the structure of the first and
second patterns is not limited thereto in the present invention.
[0495] The upper display plate 1300 includes a black
matrix 42 formed at a corresponding part to the gate line GL,
the data line DL and the thin film transistor T and color filters
4da and 445 formed in correspondence to the pixel area P on
the transparent and insulating second substrate 1310.

[0496] According to another embodiment of the present
invention, the lower display plate 1200 may further include a
first alignment layer 32 between the common electrode 30
and the liquid crystal layer. The first alignment layer 32 may
pre-tilt liquid crystal molecules in the liquid crystal layer
1400 in one direction. According to an embodiment, the first
alignment layer 32 may include at least one selected from the
group consisting of polyamic acid, polyimide, lecithin, nylon
and PVA. According to another embodiment, the first align-
ment layer 32 may further include a reactive mesogen mate-
rial.

[0497] According to a further another embodiment of the
present invention, the upper display plate 1300 may further
include a second alignment layer 52 between the color filters
44a and 445 and the liquid crystal layer 1400. According to an
embodiment, the second alignment layer 52 may include at
least one selected from the group consisting of polyamic acid,
polyimide, lecithin, nylon and PVA. According to another
embodiment, the second alignment layer 52 may further
include a reactive mesogen material.

[0498] According to an embodiment, the liquid crystal
layer 1400 may include a negative nematic liquid crystal, a
positive nematic liquid crystal and a ferroelectric liquid crys-
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tal. According to another embodiment, the liquid crystal layer
300 may include a non-ferroelectric liquid crystal and a fer-
roelectric liquid crystal. The explanation on the liquid crystal
layer 1400 is substantially the same as the description of the
liquid crystal layer in the above PVA mode, and detailed
description thereof will be omitted.

[0499] As described above, since the liquid crystal layer
1400 of the liquid crystal display device in the IPS mode
includes a ferroelectric liquid crystal together with the nem-
atic liquid crystal, uniform alignment of the liquid crystal
layer may be attained, and the stability of the alignment may
be improved. Thus, the luminance of the liquid crystal display
device including the liquid crystal layer 1400 may be
improved. In addition, since at least one of the first and second
alignment layers 32 and 52 further include the reactive
mesogen material, the alignment rate and the alignment angle
of the liquid crystal molecules in the liquid crystal layer 1400
may be increased, thereby improving optical properties.
[0500] Hereinafter, the present invention will be explained
in detail through examples and Comparative Example 4.
However, the following examples are described only for illus-
trating the present invention. Thus, the present invention is
not limited thereto and may be modified and changed
diversely.

[0501] Liquid Crystal Display Device in IPS Mode

Comparative Example 4

[0502] A liquid crystal display device of FIGS. 1 and 2
including a first substrate including a common electrode hav-
ing a line pattern and a pixel electrode having a line pattern, a
second display plate and a liquid crystal layer filling up a
space between the first and second display plates was manu-
factured. The liquid crystal display device was manufactured
in an IPS mode.

[0503] The liquid crystal layer was manufactured by using
about 100 wt % of MLC 6608 (An=0.084, Ac=-43) of
Merck Co. The thickness (cell gap) of the liquid crystal layer
of the liquid crystal display device was about 4.5 pm.

Example 22

[0504] A liquid crystal display device including a first sub-
strate including a common electrode having a line pattern and
a pixel electrode having a line pattern, a second display plate
and a liquid crystal layer filling up a space between the first
and second display plates was manufactured. The liquid crys-
tal display device was manufactured in an IPS mode.

[0505] The liquid crystal layer was manufactured by mix-
ing about 97 wt % of MLC 6608 (An=0.084, AE=—4.3) of
Merck Co. and about 3 wt % of KFL.C 7 (An=0.18) of King-
ston Chemical Co. atabout 100° C. The thickness of the liquid
crystal layer of the liquid crystal display device was about 4.5
um. The about 3 wt % of the KFL.C 7 included about 2.8 wt %
of an achiral component and about 0.2 wt % of a chiral
component.

Example 23

[0506] Aliquidcrystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0507] The liquid crystal layer was manufactured by mix-
ing about 95 wt % of MLC 6608 (An=0.084, Ac=—4.3) of
Merck Co. and about 5 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 5 wt % of
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the KFLC 10 included about 4.5 wt % of an achiral compo-
nent and about 0.5 wt % of a chiral component.

Example 24

[0508] Aliquid crystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0509] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, A€=-4.3) of
Merck Co. and about 10 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
of the KFLC 3 included about 9.7 wt % of an achiral compo-
nent and about 0.3 wt % of a chiral component.

Example 25

[0510] Aliquidcrystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0511] The liquid crystal layer was manufactured by mix-
ing about 90 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 10 wt % of KFLC 10 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 10 wt %
ofthe KFL.C included about 9.0 wt % of an achiral component
and about 1.0 wt % of a chiral component.

Example 26

[0512] Aliquid crystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0513] The liquid crystal layer was manufactured by mix-
ing about 85 wt % of MLC 6608 (An=0.084, A&=-4.3) of
Merck Co. and about 15 wt % of KFLC 5 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 15 wt %
of the KFLC 5 included about 14.3 wt % of an achiral com-
ponent and about 0.7 wt % of a chiral component.

Example 27

[0514] Aliquid crystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0515] The liquid crystal layer was manufactured by mix-
ing about 80 wt % of MLC 6608 (An=0.084, A6=—4.3) of
Merck Co. and about 20 wt % of KFLC 7 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 20 wt %
of the KFLC 7 included about 18.6 wt % of an achiral com-
ponent and about 1.6 wt % of a chiral component.

Example 28

[0516] Aliquidcrystal display device was manufactured by
the same procedure described in Example 22 except for the
material of the liquid crystal layer.

[0517] The liquid crystal layer was manufactured by mix-
ing about 70 wt % of MLC 6608 (An=0.084, Ac=-4.3) of
Merck Co. and about 30 wt % of KFLC 3 (An=0.18) of
Kingston Chemical Co. at about 100° C. The about 30 wt %
of the KFLC 3 included about 29.1 wt % of an achiral com-
ponent and about 0.9 wt % of a chiral component.

[0518] The constituting components and the thickness of
the liquid crystal layer in Comparative Example 4 and
Examples 22 to 28 are illustrated in the following Table 4.
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TABLE 4
Smectic liquid crystal Thickness of
Nematic Achiral Chiral liquid crystal
liquid crystal  component — component layer
Comparative 100 wt % 0 0 4.5 um
Example 4
Example 22 97 wt % 28 wt%  02wt% 4.5 um
Example 23 95 wt % 45 wt%  05wt% 4.5 um
Example 24 90 wt % 97 wt%  03wt% 4.5 pm
Example 25 90 wt % 90 wt% 1.0wt% 4.5 um
Example 26 85 wt % 143 wt% 0.7wt% 4.5 um
Example 27 80 wt % 186 wt%  1.6wt% 4.5 um
Example 28 70 wt % 291 wt%  09wt% 4.5 um
[0519] Evaluation of Transmittance

[0520] FIG. 36 is a graph for comparing the transmittance
of the liquid crystal display devices according to Comparative
Example 4 and Examples 22 to 28. In FIG. 36, the graph
illustrates the transmittance according to an applied voltage.
In FIG. 36, x-axis represents an applied voltage, and the unmit
thereof is [V], and y-axis represents transmittance.

[0521] Referring to FIG. 36, the transmittance of the liquid
crystal display devices according to Examples 22 to 28 is
good in general when compared to that of a liquid crystal
display device according to Comparative Example 4. How-
ever, the transmittance of the liquid crystal display device of
Example 28 is increased very slightly when compared to that
of Comparative Example 4.

[0522] Through the above evaluation, the achiral smectic
liquid crystal in the liquid crystal layer of Examples 22 to 27
is expected to induce the alignment of the liquid crystal mol-
ecules uniformly and stably. Thus, the transmittance of the
liquid crystal display devices of Examples 22 to 27 is better
than that of the liquid crystal display device of Comparative
Fxample 4.

[0523] FIG. 37A is a graph illustrating the transmittance of
the liquid crystal display device of Comparative Example 4
and the transmittance the liquid crystal display devices of
Examples 22 to 28 according to the amount of an achiral
component in a liquid crystal layer, and FIG. 37B is a graph
illustrating the transmittance of the liquid crystal display
device of Comparative Example 4 and the transmittance the
liquid crystal display devices of Examples 22 to 28 according
to the amount of a chiral component in a liquid crystal layer.
In FIGS. 37A and 37B, x-axes represent the amounts of the
achiral component and the chiral component, and the unit
thereof is [wt %], and v-axes represent transmittance.
[0524] Referring to FIG. 37A, when the amount of the
achiral component in the liquid crystal layer is about 10 wt %,
the highest transmittance is shown. The transmittance is
somewhat low when the amount of the achiral component
increases above 10wt %, however is higher than that when the
achiral component is not included. However, the transmit-
tance is lower than that of Comparative Example 4 only when
the achiral component is about 30 wt %.

[0525] Referring to FIG. 37B, when the chiral component
is in the liquid crystal layer even though irregular, the trans-
mittance is higher in general when compared to that when the
chiral component is not included. However, the transmittance
is lower than that of Comparative Example 3 only when the
chiral component is about 0.7 wt %.

[0526] Evaluation of Response Time

[0527] FIG.38Aisagraph for comparing the response time
of the liquid crystal display devices of Comparative Example
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4 and Examples 22 to 28. In FIG. 38A, x-axis represents an
applied voltage, and the unit thereof is [V], and y-axis repre-
sents response time, and the unit thereof is [ms].

[0528] Referring to FIG. 38A, the response time of the
liquid crystal display devices of Examples 22 to 28 is
increased to a certain degree when compared to that of the
liquid crystal display device of Comparative Example 4.
Meanwhile, the response time of the liquid crystal display
device including the liquid crystal layers of Examples 22 and
2 is substantially similar to that of Comparative Example 4.
The response time increased to a certain degree is expected to
decrease by changing the amount or the kind of the nematic
liquid crystal. In addition, the increased respouse time is
expected to decrease by additionally adding a reactive
mesogen material in the liquid crystal layer.

[0529] FIG. 38B is a graph illustrating the rising time and
the falling time of the liquid crystal display device of Com-
parative Example 4 and the rising time and the falling time of
the liquid crystal display devices of Examples 22 to 28
according to the amount of an achiral component. In FIG.
38B, x-axis represents the amount of an achiral component,
and the unit thereof is [wt %], and y-axis represents time, and
the unit thereof is [ms].

[0530] When the target transmittance of a liquid crystal
display device is set to 100%, it takes time to exhibit the
transmittance of 100% when the liquid crystal display device
is turned on. The rising time means the time necessary for
exhibiting the transmittance from about 10% to about 90%
after turning on the liquid crystal display device. On the
contrary, it takes time to exhibit the transmittance of 0% when
the liquid crystal display device is turned off. The falling time
means the time necessary for exhibiting the transmittance
from about 90% to about 10% after turning off the liquid
crystal display device. The response time is the sum of the
rising time and the falling time.

[0531] The rising time is about 50 ms, the falling time is
about 30 ms and the response time is about 90 ms for the
liquid crystal display device of Comparative Example 4.
Referring to the data of Examples 22 to 28, the rising time and
the falling time increase to a certain degree, and so, the
response time increases to a certain degree when compared to
that of Comparative Example 4.

[0532] FIG. 38C is a graph illustrating the rising time of the
liquid crystal display devices of Comparative Example 4 and
Examples 22 to 28, and FIG. 38D is a graph illustrating the
falling time of the liquid crystal display devices of Compara-
tive Example 4 and Examples 22 to 28. In FIGS. 38C and
38D, x-axes represent an applied voltage, and the unit thereof
is [V]. and y-axes represent time, and the unit thereof is [ms].
[0533] Referring to FIG. 38C, the rising rate of the liquid
crystal display devices of Examples 22 to 28 is slightly
increased when compared to that of Comparative Example 4.
[0534] Referring to FIG. 38D, the falling rate of the liquid
crystal display devices of Examples 22 to 28 is increased to a
certain degree when compared to that of Comparative
Example 4. Meanwhile, the falling rate of the liquid crystal
display devices including the liquid crystal layers of
Examples 25 and 26 is substantially similar to that of Com-
parative Example 4.

[0535] The somewhat increased rising rate and falling rate
may be expected to decrease by changing the amount or the
kind of the nematic liquid crystal. Alternatively, the rising rate
and the falling rate may be lowered by additionally adding a
reactive mesogen material in the liquid crystal layer.
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[0536] Evaluation of Textures

[0537] FIGS. 39A to 39H and FIGS. 40A to 40H are tex-
tures of the liquid crystal display devices of Comparative
Example 4 and Examples 22 to 28.

[0538] A voltage of about 7 V was applied in the liquid
crystal display devices of Comparative Example 4 and
Examples 22 to 28, and a cross polarization plate was rotated
to obtain white images in FIGS. 39A to 39H. Referring to
FIG. 39A, defects appearing black are shown at the edge
portions of the slit or at the border of the slits. Referring to
FIGS. 39B to 39G, the images are brighten overall when
compared to that of FIG. 39A. In addition, the defects appear-
ing at the border of the slits as well as at the edge portions of
the slit are removed from the images of FIGS. 39D to 39F.
[0539] Inthe liquid crystal display devices of Comparative
Example 4 and Examples 22 to 28, a voltage of about 7V was
applied, and a cross polarization plate was rotated to obtain
black images in FIGS. 40A to 40H. When comparing the
images of FIGS. 40A and 40B, the light leakage phenomena
are relaxed in the image of FIG. 40B.

[0540] When inspecting the textures, the alignment of the
liquid crystal molecules in the liquid crystal layer including
the smectic material is uniform and stable when compared to
that of a liquid crystal layer not including a ferroelectric
material, thereby improving the luminance of a liquid crystal
display device.

[0541] FIGS. 41A and 41B are graphs illustrating the trans-
mittance of the textures of Comparative Example 4 and
Examples 22 to 28 according to the distance of the texture.
FIGS. 41A and 41B are evaluated by 256 (2°) grey levels. As
the grey level approaches to 0, grey closes to black. and the
concentration of the grey is represented by the levels from O to
255.

[0542] FIG. 41A illustrates the grey level of the textures in
FIGS. 39A to 39H, and the white images are found around the
grey level from about 150 to about 230. The white images are
found a lot at about 150 of the grey level for Examples 27 and
7 when compared to that of Comparative Example 4 in FIG.
41A. However, the white images of Examples 22 to 5 are
found a lot at a higher grey level when compared to that of
Comparative Example 4.

[0543] FIG. 41B represents the grey level of the textures in
FIGS. 40A to 40H, and the black images are found from about
0 to about 50 of the grey level. The black image of Example
28 is found a lot at the grey level higher than that of Com-
parative Example 3. However, the black images of Examples
22 to 27 are found a lot at the grey level lower than that of
Comparative Example 4.

[0544] When inspecting the graphs in FIGS. 41A and 41B,
the effects are somewhat slight when compared to those of
Comparative Example 4 in general, however, the liquid crys-
tal display devices of Examples 24 and 5 exhibit good grey
level. The alignment of the liquid crystal molecules in the
liquid crystal layer including the smectic material is uniform
and stable when compared to that of a liquid crystal layer not
including a ferroelectric material, thereby improving the
luminance of a liquid crystal display device.

[0545] FIGS. 42A and 42B are graphs illustrating the trans-
mittance of Comparative Example 4 and Examples 22 to 28
according to the distance of the textures.

[0546] FIG. 42A illustrates transmittance change accord-
ing to the distance of the slit after cutting the textures of FIGS.
39A to 39H in one direction. Referring to FIG. 41A, the
transmittance around the slit is lower for Example 28 when
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compared to that of Comparative Example 4. However, the
transmittance is found higher for Examples 22 to 3 when
compared to that of Comparative Example 4.

[0547] FIG. 42B illustrates transmittance change according
to the distance of the slit after cutting the textures of FIGS.
40A to 40H in one direction. Referring to FIG. 41B, the
transmittance around the slit for Example 28 is markedly
lower than that of Comparative Example 4, and the light
leakage defects are found to be solved to a certain degree.
[0548] The above-disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true spirit and
scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

1. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a first electrode between the first substrate and the liquid

crystal layer and comprising a first slit; and

a second electrode between the liquid crystal layer and the

second substrate and comprising a second slit,

wherein the liquid crystal layer comprises from about 1 to

about 50 wt % of an achiral smectic liquid crystal; and a
remainder of a nematic liquid crystal.

2. The liquid crystal display device of claim 1, wherein the
first electrode and the second electrode are disposed so that
the first slit and the second slit are not overlapped when seen
from plane.

3. The liquid crystal display device of claim 1, wherein the
liquid crystal display device is in a patterned vertical align-
ment (PVA) mode.

4. The liquid crystal display device of claim 1, further
comprising a first alignment layer between the first electrode
and the liquid crystal layer; and a second alignment layer
between the second electrode and the liquid crystal layer.

5. The liquid crystal display device of claim 4, wherein at
least one of the first alignment layer and the second alignment
layer comprises a reactive mesogen material.

6. The liquid crystal display device of claim 1, wherein the
nematic liquid crystal comprises a negative nematic liquid
crystal.

7. The liquid crystal display device of claim 1, wherein the
liquid crystal layer further comprises a chiral liquid crystal.

8. The liquid crystal display device of claim 7, wherein the
chiral liquid crystal is included at an amount ratio from about
0.01 wt % to about 10 wt % in the liquid crystal layer.

9. The liquid crystal display device of claim 1, wherein the
liquid crystal layer further comprises a reactive mesogen
material.

10. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a first electrode between the first substrate and the liquid

crystal layer and comprising a first slit; and
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a second electrode between the liquid crystal layer and the

second substrate and comprising a second slit,

wherein the liquid crystal layer comprises from about 3 to

about 50 wt % of a smectic liquid crystal; and a remain-
der of a nematic liquid crystal, and

the smectic liquid crystal comprises from about 70 to about

97 wt % of an achiral smectic liquid crystal; and from
about 3 to about 30 wt % of a chiral smectic liquid
crystal.

11. The liquid crystal display device of claim 10, wherein
the liquid crystal layer further comprises a chiral dopant.

12. The liquid crystal display device of claim 11, wherein
the chiral smectic liquid crystal has greater spontaneous
polarization than the chiral dopant.

13. The liquid crystal display device of claim 10, wherein
the nematic liquid crystal is a negative nematic liquid crystal.

14. The liquid crystal display device of claim 10, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

15. A liquid crystal display device, comprising:

a first electrode and a second electrode separated from and

opposing to each other; and

aliquid crystal layer filling up a space between the first and

second electrodes and comprising a plurality of liquid
crystal molecules having a first alignment direction pet-
pendicular to the surface of the first or second electrode
when no potential difference is present between the first
and second electrodes,

wherein the liquid crystal layer comprises from about 1 to

about 50 wt % of an achiral smectic liquid crystal; and a
remainder of a nematic liquid crystal,

the plurality of liquid crystal molecules performs changing

operation to have a second alignment direction substan-
tially in parallel to an extended direction of the first or
second electrode when potential difference is generated
between the first and second electrodes,

the changing operation of the liquid crystal molecules

comprises a first alignment step and a second alignment
step in order,

the liquid crystal molecules change to have a third align-

ment direction different from the first or second align-
ment direction in the first alignment step, and

the liquid crystal molecules of the third alignment direction

change to have the second alignment direction in the
second alignment step.

16. The liquid crystal display device of claim 15, further
comprising an alignment layer disposed at least a portion
between the liquid crystal layer and the first electrode and
between the liquid crystal layer and the second electrode,

wherein at least one of the liquid crystal layer and the

alignment layer comprises a reactive mesogen material,
and

the plurality of liquid crystal molecules of the first align-

ment direction change to have the second alignment
direction when potential difference is generated
between the first and second electrodes due to the reac-
tive mesogen.

17. The liquid crystal display device of claim 15, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.

18. The liquid crystal display device of claim 15, wherein
the liquid crystal layer further comprises a chiral liquid crys-
tal.

Dec. 24,2015

19. The liquid crystal display device of claim 18, wherein
the chiral liquid crystal is included at an amount ratio from
about 0.01 wt % to about 10 wt % in the liquid crystal layer.

20. The liquid crystal display device of claim 15, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

21. The liquid crystal display device of claim 15, wherein
at least one of the first substrate and the second substrate has
aslit.

22. The liquid crystal display device of claim 21, wherein
the first electrode comprises a first slit having a square ring
shape and extended along an edge portion of the first elec-
trode, and

the second electrode comprises a second slit having a cross

shape and penetrating a center of the second electrode.
23. The liquid crystal display device of claim 22, wherein
when potential different is generated between the first and
second electrodes,
liquid crystal molecules positioned at the first and second
slits have a second alignment direction that is a perpen-
dicular direction to the first and second slits, and

liquid crystal molecules separated apart from the first and
second slits have a second alignment direction that has
an angle of about 45° or about 135° with respect to the
first and second slits.

24. The liquid crystal display device of claim 22, wherein
the first slit of the first electrode has a cut portion at the middle
thereof.

25. The liquid crystal display device of claim 21, wherein
the first electrode comprises:

a stem part penetrating the center of the first electrode and

having a cross shape; and

branch parts extended in a radial direction from the stem

part and separated apart from each other by a plurality of
slits.

26. The liquid crystal display device of claim 25, wherein
the liquid crystal molecules have a second alignment direc-
tion substantially in parallel to an extended direction of the
slits of the branch parts.

27. A liquid crystal display device comprising:

a first electrode and a second electrode separated from and

opposing to each other; and
aliquid crystal layer filling up a space between the first and
second electrodes and comprising a plurality of liquid
crystal molecules having a first alignment direction pet-
pendicular to the surface of the first or second electrode
when no potential difference is present between the first
and second electrodes,
wherein the liquid crystal layer comprises from about 3 to
about 50 wt % of a smectic liquid crystal; and a remain-
der of a nematic liquid crystal, and the smectic liquid
crystal comprises from about 70 to about 97 wt % of an
achiral smectic liquid crystal; and from about 3 to about
30 wt % of a chiral smectic liquid crystal,

the liquid crystal molecules in the liquid crystal layer fill-
ing up a space between the first and second electrodes
perform changing operation to have a second alignment
direction substantially in parallel to an extended direc-
tion of the first or second electrode when potential dif-
ference is generated between the first and second elec-
trodes,

the changing operation of the liquid crystal molecules

comprises a first alignment step and a second alignment
step in order,
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the liquid crystal molecules change to have a third align-
ment direction different from the first or second align-
ment direction in the first alignment step, and

the liquid crystal molecules of the third alignment direction

change to have the second alignment direction in the
second alignment step.

28. The liquid crystal display device of claim 27, wherein
the liquid crystal layer further comprises a chiral dopant.

29. The liquid crystal display device of claim 28, wherein
the chiral smectic liquid crystal has spontaneous polarization
higher than the chiral dopant.

30. The liquid crystal display device of claim 27, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.

31. The liquid crystal display device of claim 27, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

32. The liquid crystal display device of claim 27, further
comprising an alignment layer between at least one portion
between the liquid crystal layer and the first electrode and
between the liquid crystal layer and the second electrode,
wherein at least one of the liquid crystal layer and the align-
ment layer comprises a reactive mesogen material, and

the alignment direction of the plurality of the liquid crystal

molecules of the first alignment direction change to have
the second alignment direction when potential differ-
ence is generated between the first and second elec-
trodes.

33. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a common electrode between the first substrate and the

liquid crystal layer and having a plate shape; and

a pixel electrode between the common electrode and the

liquid crystal layer and having a pattern for defining an
opening part,

wherein the liquid crystal layer comprises from about 1 to

about 50 wt % of an achiral smectic liquid crystal; and a
remainder of a nematic liquid crystal.

34. The liquid crystal display device of claim 33, wherein
the liquid crystal display device is in a field fringe switching
(FFS) mode.

35. The liquid crystal display device of claim 33, further
comprising an alignment layer adjacent to the liquid crystal
layer.

36. The liquid crystal display device of claim 35, wherein
the alignment layer further comprises a reactive mesogen
material.

37. The liquid crystal display device of claim 33, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.

38. The liquid crystal display device of claim 33, wherein
the nematic liquid crystal comprises a positive nematic liquid
crystal.

39. The liquid crystal display device of claim 33, wherein
the liquid crystal layer further comprises a chiral liquid crys-
tal.

40. The liquid crystal display device of claim 39, wherein
the chiral liquid crystal is included at an amount ratio from
about 0.01 wt % to about 10 wt % in the liquid crystal layer.
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41. The liquid crystal display device of claim 33, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

42. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a common electrode between the first substrate and the

liquid crystal layer and having a plate shape; and

a pixel electrode between the common electrode and the

liquid crystal layer and having a pattern for defining an
opening part,

wherein the liquid crystal layer comprises from about 3 to

about 50 wt % of a smectic liquid crystal; and a remain-
der of a nematic liquid crystal, and the smectic liquid
crystal comprises from about 70 to about 97 wt % of an
achiral smectic liquid crystal; and from about 3 to about
30 wt % of a chiral smectic liquid crystal.

43. The liquid crystal display device of claim 42, wherein
the liquid crystal layer further comprises a chiral dopant.

44. The liquid crystal display device of claim 43, wherein
the chiral smectic liquid crystal has spontaneous polarization
higher than the chiral dopant.

45. The liquid crystal display device of claim 42, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.

46. The liquid crystal display device of claim 42, wherein
the nematic liquid crystal comprises a positive nematic liquid
crystal.

47. The liquid crystal display device of claim 42, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

48. The liquid crystal display device of claim 42, further
comprising an alignment layer adjacent to the liquid crystal
layer, wherein the alignment layer comprises a reactive
mesogen material.

49. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a common electrode between the first substrate and the

liquid crystal layer and having a first pattern; and

a pixel electrode between the first substrate and the liquid

crystal layer and having a second pattern not overlap-
ping with the first pattern,

wherein the liquid crystal layer comprises from about 1 to

about 50 wt % of an achiral smectic liquid crystal; and a
remainder of a nematic liquid crystal.

50. The liquid crystal display device of claim 49, wherein
the liquid crystal display device is in an in plane switching
(IPS) mode.

51. The liquid crystal display device of claim 49, further
comprising an alignment layer adjacent to the liquid crystal
layer.

52. The liquid crystal display device of claim 51, wherein
the alignment layer further comprises a reactive mesogen
material.

53. The liquid crystal display device of claim 49, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.
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54. The liquid crystal display device of claim 49, wherein
the nematic liquid crystal comprises a positive nematic liquid
crystal.

55. The liquid crystal display device of claim 49, wherein
the liquid crystal layer further comprises a chiral liquid crys-
tal.

56. The liquid crystal display device of claim 55, wherein
the chiral liquid crystal is included at an amount ratio from
about 0.01 wt % to about 10 wt % in the liquid crystal layer.

57. The liquid crystal display device of claim 49, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

58. A liquid crystal display device, comprising:

a first substrate;

a second substrate separated from and opposing the first

substrate;

a liquid crystal layer between the first and second sub-

strates;

a common electrode between the first substrate and the

liquid crystal layer and having a first pattern; and

a pixel electrode between the first substrate and the liquid

crystal layer and having a second pattern not overlap-
ping with the first pattern,

wherein the liquid crystal layer comprises from about 3 to

about 50 wt % of a smectic liquid crystal; and a remain-
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der of a nematic liquid crystal, wherein the smectic
liquid crystal comprises from about 70 to about 97 wt %
of an achiral smectic liquid crystal; and from about 3 to
about 30 wt % of a chiral smectic liquid crystal.

59. The liquid crystal display device of claim 58, wherein
the liquid crystal layer further comprises a chiral dopant.

60. The liquid crystal display device of claim 59, wherein
the chiral smectic liquid crystal has spontaneous polarization
higher than the chiral dopant.

61. The liquid crystal display device of claim 58, wherein
the nematic liquid crystal comprises a negative nematic liquid
crystal.

62. The liquid crystal display device of claim 58, wherein
the nematic liquid crystal comprises a positive nematic liquid
crystal.

63. The liquid crystal display device of claim 58, wherein
the liquid crystal layer further comprises a reactive mesogen
material.

64. The liquid crystal display device of claim 58, further
comprising an alignment layer near the liquid crystal layer,
wherein the alignment layer comprises a reactive mesogen
material.
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