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(57) ABSTRACT

A liquid crystal includes about 60 wt % to about 80 wt % of
a first compound material, about 2 wt % to about 15 wt % of
a second compound material, and a neutral compound mate-
rial. The first compound material has a dielectric anisotropy
of a first polarity, and the second compound material has a
dielectric anisotropy of a second polarity.
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LIQUID CRYSTALS AND LIQUID CRYSTAL
DISPLAY APPARATUS EMPLOYING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2007-0017048, filed on
Feb. 20, 2007, and Korean Patent Application No. 10-2007-
0073093, filed on Jul. 20, 2007, which are hereby incorpo-
rated by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to display apparatus
and, more particularly, to liquid crystals and a liquid crystal
display apparatus employing the liquid crystals.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display (LCD) apparatus displays
images using liquid crystals. The LCD apparatus includes
first and second substrates facing each other with a liquid
crystal layer therebetween. Further, first and second elec-
trodes are disposed on the first and second substrates, respec-
tively, and the liquid crystal layer is disposed between the first
and second electrodes. Thus, when a voltage is applied to the
first and second electrodes, the voltage generates an electric
field that crosses the liquid crystal layer.

[0006] The liquid crystal layer includes liquid crystals, and
the liquid crystals in the liquid crystal layer are aligned along
aspecific direction by the electric field. That is, the alignment
direction of the liquid crystals is determined by the electric
field. In this case, the transmittance of light penetrating the
liquid crystal layer depends on the alignment of the liquid
crystals. The LCD apparatus controls the alignment of the
liquid crystals using a material property of the liquid crystal
layer and displays visual images corresponding to the trans-
mittance of the light.

[0007] The liquid crystal layer includes various compound
materials, and the properties of the liquid crystal layer may
change according to characteristics of each compound mate-
rial. Further, the properties of the liquid crystal layer influ-
ence the overall operation of the LCD apparatus. For
example, the first and second electrodes and the liquid crystal
layer therebetween constitute a capacitor, and the capacitance
of the capacitor depends on a dielectric constant of the liquid
crystal layer. In this case, when the capacitance of the capaci-
tor varies, the operational characteristics of the LCD appara-
tus may also change.

SUMMARY OF THE INVENTION

[0008] The present invention are provides a liquid crystal
and a liquid crystal display apparatus employing the same.
[0009] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description or may be learned by practice of the
invention.

[0010] The present invention discloses a liquid crystal
including about 60 wt % to 80 wt % of a first compound
material, about 2 wt % to 15 wt % of a second compound
material, and a neutral compound material. The first com-
pound material has a dielectric anisotropy of a first polarity,
and the second compound material has a dielectric anisotropy
of a second polarity.
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[0011] The present invention also discloses a liquid crystal
display apparatus including a first substrate having a pixel
area and a second substrate facing the first substrate. A plu-
rality of liquid crystals is disposed between the first and
second substrates. Each liquid crystal includes about 60 wt %
to 80 wt % of a first compound material, about 2 wt % to 15%
of a second compound material, and a neutral compound
material. The first compound material has a dielectric anisot-
ropy of a first polarity, and the second compound material has
a dielectric anisotropy of a second polarity.

[0012] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0014] FIG.1isaplanview showing a liquid crystal display
apparatus according to an exemplary embodiment of the
present invention.

[0015] FIG. 2A and FIG. 2B are cross sectional views taken
along line I-I' of FIG. 1 to show the operation of the liquid
crystal display apparatus shown in FIG. 1.

[0016] FIG. 3 is aplan view showing a liquid crystal display
apparatus according to another exemplary embodiment of the
present invention.

[0017] FIG. 4A and FIG. 4B are cross sectional views taken
along line [1-IT" of FIG. 3 to show the operation of the liquid
crystal display apparatus shown in FIG. 3.

[0018] FIG.5is aplan view showing a liquid crystal display
apparatus according to still another exemplary embodiment
of the present invention.

[0019] FIGS. 6A and 6B are cross sectional views taken
along line I1I-ITT" of FIG. 5 to show the operation of the liquid
crystal display apparatus shown in FIG. 5.

[0020] FIG.7is aplan view showing a liquid crystal display
apparatus according to yet another exemplary embodiment of
the present invention.

[0021] FIG. 8 is a plan view showing a common electrode
panel used in a liquid crystal display apparatus according to
yet still another exemplary embodiment of the present inven-
tion.

[0022] FIG.9is aplan view showing a liquid crystal display
apparatus employing the thin film transistor panel of FIG. 7
and the common electrode panel of FIG. 8.

[0023] FIG. 10 is a cross sectional view taken along line
IV-IV' of FIG. 9.

[0024] FIG. 11 is a cross sectional view taken along line
V-V' of FIG. 9.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0025] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure 1s thorough, and will fully convey the scope of the inven-
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tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0026] It will be understood that when an element or layer
1s referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0027] FIG.1isaplanview showinga liquid crystal display
(LCD) apparatus according to an exemplary embodiment of
the present invention.

[0028] Referring to FIG. 1, first and second substrates 100
and 200 are provided. Gate lines 110 and data lines 120 are
disposed on the first substrate 100, and pixel areas PA are
respectively defined at crossings of the gate lines 110 and the
data lines 120. Each gate line 110 may have the same con-
figuration and function as the other gate lines 110, and each
dataline 120 may have the same configuration and function as
the other data lines 120. Similarly, each pixel area PA may
have the same configuration and function as the other pixel
areas PA. Thus, a single gate line 110, a single data line 120,
and a single pixel area PA are described below.

[0029] Each pixel area PA may include a storage electrode
112, a thin film transistor T, and a pixel electrode 130. A
storage electrode 112 may be disposed at a central region of
each pixel area PA, and all of the storage electrodes 112 in the
pixel areas PA may be connected to each other. The thin film
transistor T may include a gate electrode 111, a semiconduc-
tor pattern 116, a source electrode 121, and a drain electrode
122. The gate electrode 111 may be branched from the gate
line 110, and the source electrode 121 may be branched from
the data line 120. The drain electrode 122 may be disposed to
face the source electrode 121 and connected to the pixel
electrode 130 through a contact hole 125%. A common elec-
trode 230 may be disposed on the second substrate 200 and
may face the pixel electrode 130.

[0030] FIG.2A and FIG. 2B are cross sectional views taken
along the line I-I' of FIG. 1 to show the operation of the LCD
apparatus shown in FIG. 1.

[0031] Referring to FIG. 1 and FIG. 2A, the gate electrode
111 and the storage electrode 112 may be located at the same
level on the first substrate 100. The source and drain elec-
trodes 121 and 122 may be disposed over the gate electrode
111, and the pixel electrode 130 may be disposed over the
drain electrode 122. A gate insulating layer 115 and a protec-
tion layer 125 may be disposed between the gate electrode
111 and the pixel electrode 130. The gate insulating layer 115
may cover the gate electrode 111 and the storage electrode
112, which are spaced apart from each other. Further, the gate
insulating layer 115 may extend to cover the first substrate
100. The protection layer 125 may be disposed over the
source and drain electrodes 121 and 122. Moreover, the pro-
tection layer 125 may extend to cover the first substrate 100.
The drain electrode 122 may be exposed through the contact
hole 1255, which penetrates the protection layer 125. The
pixel electrode 130 on the protection layer 125 may be con-
nected to the drain electrode 122 through the contact hole
125h.

[0032] The semiconductor pattern 116 may overlap with
the gate electrode 111. Further, the semiconductor pattern
116 may be disposed between the source electrode 121 and
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the gate insulating layer 115 and between the drain electrode
122 and the gate insulating layer 115. The semiconductor
pattern 116 may include an active layer 117 covering the gate
electrode 111 and a pair of ohmic contact layers 118 spaced
apart from each other. One ohmic contact layer 118 may be
disposed between the source electrode 121 and one end of the
active layer 117, and the other ohmic contact layer 118 may
be disposed between the drain electrode 122 and the other end
of the active layer 117.

[0033] An optical blocking layer pattern 210 and a color
filter 220 may be disposed between the second substrate 200
and the common electrode 230. The optical blocking layer
pattern 210 may have an opening that exposes the common
electrode 230 in the pixel area PA and prevents light from
being transmitted through an edge of the pixel area PA. The
color filter 220 may fill the opening of the optical blocking
layer pattern 210, thereby generating a color image.

[0034] A liquid crystal layer including liquid crystals 300
may be disposed between the pixel electrode 130 and the
common electrode 230. Each liquid crystal 300 may have a
length greater than a width thereof. The alignment direction
of the liquid crystals 300 may be defined on the basis of the
length direction thereof. For example, it will be understood
that when the liquid crystals 300 are referred to as being
“parallel” to the substrates 100 and 200, the length direction
of the liquid crystals 300 is parallel to the substrates 100 and
200. Further, it will be understood that when the liquid crys-
tals 300 are referred to as being “vertical” to the substrates
100 and 200, the length direction of the liquid crystals 300 is
perpendicular to the substrates 100 and 200.

[0035] Each liquid crystal 300 may have dielectric anisot-
ropy. That s, the dielectric constant along the length direction
of the liquid crystal 300 may be different from that along the
width direction of the liquid crystal 300. When the length
directional dielectric constant is greater than the width direc-
tional dielectric constant, the liquid crystal 300 has positive
dielectric anisotropy. On the other hand, when the length
directional dielectric constant is less than the width direc-
tional dielectric constant, the liquid crystal 300 has negative
dielectric anisotropy. If a voltage is applied between the com-
mon electrode 230 and the pixel electrode 130, an electric
field crossing the liquid crystals 300 may be generated. In this
case, the alignment of the liquid crystals 300 may depend on
the dielectric anisotropy thereof. For example, when the lig-
uid crystals 300 have positive dielectric anisotropy, the liquid
crystals 300 may be arranged parallel to the electric field. On
the other hand, when the liquid crystals 300 have negative
dielectric anisotropy, the liquid crystals 300 may be arranged
perpendicular to the electric field.

[0036] When the thin film transistor T is turned off in an
operation mode of the liquid crystal display apparatus, an
electric field is not applied to the liquid crystals 300. In this
case, if the liquid crystals 300 have positive dielectric anisot-
ropy, the liquid crystals 300 may be arranged parallel to the
substrates 100 and 200 (e.g., the pixel electrode 130 and the
common electrode 230). However, lowermost liquid crystals
300 adjacent to the pixel electrode 130 may be arranged
perpendicular to uppermost liquid crystals 300 adjacent to the
common electrode 230 when viewed from the plan view of
FIG. 1, and intermediate liquid crystals 300 between the
lowermost liquid crystals 300 and the uppermost liquid crys-
tals 300 may be arranged to have a twisted structure.

[0037] First and second polarizing plates (not shown) may
be disposed below and above a panel including the substrates
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100 and 200 and the liquid crystals 300, respectively, and light
may be irradiated onto the bottom surface of the second
substrate 200 through the first polarizing plate. The light may
travel through the liquid crystals 300 having the twisted struc-
ture, and the phase of the light may be delayed when the light
travels through the liquid crystals 300. The phase-delayed
light may be output through the second polarizing plate and
may have a white colot.

[0038] Referring to FIG. 1 and FIG. 2B, the thin film tran-
sistor T may be turned on, and a data voltage and a common
voltage may be applied 1o the pixel electrode 130 and the
common electrode 230, respectively. The data voltage may
change each frame according to an image to be displayed, and
the common voltage may have a constant value. A difference
between the data voltage and the common voltage may gen-
erate an electric field crossing the liquid crystals 300. Thus,
the liquid crystals 300 may be arranged parallel to the electric
field since the liquid crystals 300 have positive dielectric
anisotropy, as described above. That is, the liquid crystals 300
may be arranged perpendicular to the pixel electrode 130 and
the common electrode 230, as shown in FIG. 2B. In this case,
if light is irradiated toward the second substrate 200 as
described with reference to FIG. 2A, the light may maintain
the initial phase thereof without any delay while the light
travels through the liquid crystals 300 perpendicular to the
pixel electrode 130 and the common electrode 230. Hence,
the non phase-delayed light may be absorbed by the second
polarizing plate, thereby displaying a black color.

[0039] Intheabove-mentioned operation, a storage capaci-
tor may be provided in each pixel area PA to maintain the data
voltage applied to the pixel electrode 130 for a set duration.
The storage capacitor may include the storage electrode 112,
the pixel electrode 130 over the storage electrode 112, and a
dielectric layer disposed between the storage electrode 112
and the pixel electrode 130. The dielectric layer of the storage
capacitor may include the gate insulating layer 115 and the
protection layer 125.

[0040] Insome cases, one or more parasitic capacitors other
than the storage capacitor may exist in the pixel area PA. For
example, the gate electrode 111, the drain electrode 122, and
the gate insulating layer 115 therebetween may constitute the
parasitic capacitor. The parasitic capacitor may cause a mal-
function of the liquid crystal display apparatus. The charge of
the parasitic capacitor may decrease by the data voltage
applied to the pixel electrode 130 when the thin film transistor
Tisturned off. This phenomenon is referred to as “kick back”.
The voltage variation (AVkb) due to the kick back may be
calculated using the following equations 1, 2, and 3.

AVED=V1-V2 (equation 1)

V1=(CgsxAV12)+(Csi+Clc1+Cgs) (equation 2)

V2=(CgsxAV12)+(Cst+Clc2+Cgs) (equation 3)

wherein, “Cgs” denotes a capacitance of the parasitic capaci-
tor, and “AV12” denotes a voltage difference between a volt-
age applied to the pixel electrode 130 during an on-state of the
thin film transistor T and a voltage induced at the pixel elec-
trode 130 during an off-state of the thin film transistor T.
Further, “Cst” denotes a capacitance of the storage capacitor,
and “Clc1”and “Cle2” denote a capacitance of a liquid crystal
capacitor during the off-state of the thin film transistor T and
a capacitance of the liquid capacitor during the on-state of the
thin film transistor T, respectively. The liquid crystal capaci-
tor may include the pixel electrode 130, the common elec-
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trode 230, and the liquid crystal layer therebetween. The
capacitance of the liquid crystal capacitor may vary according
to the alignment of the liquid crystals 300 in the liquid crystal
layer.

[0041] As can be seen from equations 1, 2, and 3, the
voltage difference between the voltages V1 and V2 should be
reduced to decrease the voltage variation AVkb due to the
kick back, and the capacitance difference between the liquid
crystal capacitances Clcl and Cle2 should be reduced to
decrease the voltage difference between the voltages V1 and
V2.Inthe present exemplary embodiment, each liquid crystal
300 may include a plurality of compound materials that are
present at weight ratios that minimize voltage variation
(AVkb) due to kick back. As a result, high quality images may
be produced.

[0042] In an exemplary embodiment, the liquid crystals
300 may have positive dielectric anisotropy. Further, each
liquid crystal 300 may include a positive compound material,
anegative compound material, and a neutral compound mate-
rial. The positive compound material may dielectrically have
positive polarity, and the negative compound material may
dielectrically have negative polarity. The neutral compound
material may be dielectrically neutral. The positive com-
pound material influences the length directional dielectric
constantofthe liquid crystals 300. That is, if the amount of the
positive compound material increases, the length directional
dielectric constant of the liquid crystal 300 may increase and
the liquid crystal 300 may have positive dielectric anisotropy.
Thus, the liquid crystal 300 having positive dielectric anisot-
ropy may be arranged parallel to an electric field applied to
the liquid crystal 300. Similarly, the negative compound
material influences the width directional dielectric constant
oftheliquid crystals 300. That s, if the amount of the negative
compound material increases, the width directional dielectric
constant of the liquid crystal 300 may increase and the liquid
crystal 300 may have negative dielectric anisotropy. Thus, the
liquid crystal 300 having negative dielectric anisotropy may
be arranged perpendicular to an electric field applied to the
liquid crystal 300.

[0043] In the present exemplary embodiment, each liquid
crystal 300 may include a large amount of positive compound
material and a small amount of negative compound material.
That is, the amount of the positive compound material may be
greater than that of the negative compound material. Thus, the
liquid crystals 300 may exhibit positive dielectric anisotropy.
However, the liquid crystals 300 may also have a specific
property that relates to the negative compound material.
[0044] As described above, the liquid crystal capacitances
Clel and Cle2 indicate a capacitance of the liquid crystal
capacitor during the off-state and the on-state of the thin film
transistor T, respectively. That is, one of the liquid crystal
capacitances Clc1 and Cle2 may correspond to a capacitance
of the liquid crystal capacitor while the liquid crystals 300 are
arranged parallel to the electrodes 130 and 230, as shown in
FIG. 2A, and the other may correspond to a capacitance of the
liquid crystal capacitor while the liquid crystals 300 are
arranged perpendicular to the electrodes 130 and 230, as
shown in FIG. 2B. Ifthe liquid crystals 300 do not contain the
negative compound material, the capacitance difference
between the liquid crystal capacitances Clc1 and Clc2 may
increase and the voltage variation AVkb due to kick back may
also increase. However, according to the present exemplary
embodiment, each liquid crystal 300 may include the negative
compound material to reduce the voltage variation AVkb due
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to kick back. Thus, the image quality of the liquid crystal
display apparatus may be enhanced.

[0045] Each liquid crystal 300 may include an appropriate
weight ratio of the negative compound material, for example,
2 to 7 wt %. If the weight ratio of the negative compound
material is too low, the beneficial influences of the negative
compound material may not be exhibited. In contrast, if the
weight ratio of the negative compound material is too high,
the liquid crystal 300 may exhibit negative dielectric anisot-
ropy rather than positive dielectric anisotropy.

[0046] The neutral compound material influences a rota-
tional viscosity of the liquid crystal 300. In general, if the
amount of the positive compound material and/or the negative
compound material increases, the rotational viscosity of the
liquid crystal 300 may also increase. Accordingly, the neutral
compound material may lower the rotational viscosity of the
liquid crystals 300, thereby enhancing the alignment speed of
the liquid crystals 300 in response to an electric field. As a
result, the neutral compound material may improve the opera-
tion speed of the liquid crystal display apparatus.

[0047] The positive compound material may include at
least one compound expressed by one of the following chemi-
cal formulas 1, 2, 3, 4, 5, 6, 7, and 8. Further, the negative
compound material may include at least one compound
expressed by one of the following chemical formulas 9, 10,
11,12, and 13. Moreover, the neutral compound material may
include at least one compound expressed by one of the fol-
lowing chemical formulas 14, 15, 16, 17, and 18.

Chemical Formula 1
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I 5]
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Chemical Formula 2

>
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s} | i
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:
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-continued

Chemical Formula 5
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wherein, "Y" denotes an alkoxy group.

Chemical Formula 8

F

O F

F

Chemical Formula 9

Chemical Formula 10

>
e s}
Loy

-

wherein, "Y" denotes an alkoxy group.

Chemical Formula 11
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wherein, "Y" denotes an alkyl group.

Chemical Formula 12

F

wherein, "Y" denotes an alkoxy group.

F
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-continued
Chermical Formula 13

wherein, "Y" denotes an alkyl group.
Chemical Formula 14

$

wherein, "Y" denotes an alkyl group.
Chemical Formula 15

:

wherein, "Y" denotes an alkoxy group.
Chemical Formula 16

:

wherein, "Y" denotes an alkyl group.
Chemical Formula 17

:

wherein, "Y" denotes an alkoxy group.

Chemical Formula 18

:

wherein, "Y" denotes an alkenyl group.

[0048] Inthe chemical formulas1,2,3,4,5,6,7,8,9, 10,
11,12,13,14,15,16, 17, and 18, “X” indicates a hydrocarbon
having 2, 3, 4, or 5 carbon molecules.

[0049] The neutral compound material does not include an
element, such as a fluorine atom, which has a high electrone-
gativity, to exhibit polarity. In contrast, the positive com-
pound material and the negative material may include one or
more fluorine atoms, and the bonding sites of the fluorine
atoms of the positive compound material may be different
from those of the negative compound material. For example,
the fluorine atoms of the positive compound material may be
bonded at right sides of the positive compound material.
However, the fluorine atom of the positive compound mate-
rial, which is located at a right end of the positive compound
material, may be replaced with an alkoxy group or an alkyl
group to provide the negative compound material.

[0050] FIG.3is aplanview showing a liquid crystal display
apparatus according to another exemplary embodiment of the
present invention. The same components as described in the
aforementioned exemplary embodiment are indicated using
the same reference numerals, and the descriptions to the
components described in the previous exemplary embodi-
ment will be omitted or briefly mentioned.

[0051] Referring to FIG. 3, first and second substrates 100
and 200 are provided to face each other. Gate lines 110 and
data lines 120 are disposed on the first substrate 100, and pixel
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areas PA are respectively defined at crossings of the gate lines
110 and the data lines 120. Each pixel area PA may include a
thin film transistor T and a pixel electrode 130. The thin film
transistor T may include a gate electrode 111, a semiconduc-
tor pattern 116, a source electrode 121, and a drain electrode
122. A common electrode 230 is disposed on the second
substrate 200 to face the pixel electrode 130. The pixel elec-
trode 130 and the common electrode 230 may include first
and second domain dividers 140 and 240, respectively.
[0052] FIG. 4A and FIG. 4B are cross sectional views taken
along line I1-IT" of FIG. 3 to show the operation of the liquid
crystal display apparatus shown in FIG. 3.

[0053] Referring to FIG. 3 and FIG. 4A, a liquid crystal
layer including a number of liquid crystals 300 may be dis-
posed between the pixel electrode 130 and the common elec-
trode 230. The liquid crystals 300 may have negative dielec-
tric anisotropy, and the liquid crystals 300 may be arranged
perpendicular to the pixel electrode 130 and the common
electrode 230 while the thin film transistor T is turned off.
[0054] Light may be irradiated from a region under the first
substrate 100 toward a bottom surface of the first substrate
100. The light may be irradiated onto the bottom surface of
the first substrate 100 through a first polarizing plate (not
shown) that is attached to the first substrate 100. When the
thin film transistor T is turned off, light may pass through the
liquid crystals 300, which are vertically aligned, and the light
that passes through the liquid crystals 300 may be absorbed
into a second polarizing plate (not shown) that is attached to
the second substrate 200. In this case, the liquid crystal dis-
play apparatus may exhibit a black color.

[0055] Referring to FIG. 3 and FIG. 4B, an electric field
may be provided between the common electrode 230 and the
pixel electrode 130. The magnitude and/or direction of the
electric field may vary according to shapes and/or locations of
the first and second domain dividers 140 and 240. As shown
in FIG. 4A and FIG. 4B, the first domain divider 140 includes
openings formed through some portions of the pixel electrode
130, and the second domain divider 240 includes protrusions
attached on a bottom surface of the common electrode 230. In
another exemplary embodiment, the first domain divider 140
may include protrusions attached on a top surface ofthe pixel
electrode 130, and the second domain divider 240 may
include openings formed through some portions of the com-
mon electrode 230. In still another exemplary embodiment,
both the first and second domain dividers 140 and 240 may
include openings or protrusions.

[0056] All of the protrusions and the openings may be
insulating regions. Thus, when an electric field is provided
between the common electrode 230 and the pixel electrode
130, the electric field adjacent to the domain dividers 140 and
240 may become weak. In this case, the domain dividers 140
and 240 may act as boundary regions on the plan view of FIG.
3, and the overall electric field between the common electrode
230 and the pixel electrode 130 may be divided into a plurality
of domains by the domain dividers 140 and 240. Hence, the
alignment direction of the liquid crystals 300, which are
located at one side of a specific domain divider among the
domain dividers 140 and 240, may be different from that of
the liquid crystals 300, which are located at the other side of
the specific domain divider. For example, the liquid crystals
300 located at a right side of the first domain divider 140 may
be aligned to tilt to the right and the liquid crystals 300 located
at aleft side of the first domain divider 140 may be aligned to
tilt to the left, as shown in FIG. 4B. Thus, each pixel area PA
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may be divided into several domains by the domain dividers
140 and 240, as described above. In this case, the liquid
crystals 300 in each domain may be aligned in the same
direction.

[0057] While the electric field is applied to the liquid crys-
tals 300, light may be irradiated toward the first substrate 100
through the first polarizing plate, as described with reference
to FIG. 4A. In this case, the light may travel through the tilted
liquid crystals 300, and the phase of the light may be delayed
when the light travels through the liquid crystals 300. The
phase-delayed light may be output through the second polar-
izing plate and may have a white color. According to the
aforementioned exemplary embodiments, the liquid crystals
300 may be aligned along two or more different directions in
the domains. Thus, light may travel in several different direc-
tions through the liquid crystals 300, thereby enhancing the
viewing angle of the liquid crystal display apparatus.

[0058] In the aforementioned exemplary embodiment, the
liquid crystals 300 may have negative dielectric anisotropy.
Further, each liquid crystal 300 may include a negative com-
pound material, a positive compound material, and a neutral
compound material, as described above. The negative com-
pound material may include at least one compound expressed
by one of the chemical formulas 9, 10,11, 12, and 13, and the
positive compound material may include at least one of com-
pound expressed by one of the chemical formulas 1, 2, 3, 4, 5,
6,7, and 8. The liquid crystals 300 may include a weight ratio
of about 2 to 7 wt % of the positive compound material. The
positive compound material may reduce the capacitance dif-
ference between the liquid crystal capacitances Clcl and
Cle2, thereby preventing kick back. As a result, the liquid
crystal display apparatus may produce high quality images.
The neutral compound material may include at least one
compound expressed by one of the chemical formulas 14, 15,
16,17, and 18. The neutral compound material may lower the
rotational viscosity of the liquid crystals 300, thereby improv-
ing the operation speed of the liquid crystal display apparatus.
[0059] In yet another exemplary embodiment, the storage
electrodes 112 may be omitted from the liquid crystal display
apparatus of FIG. 1, FIG. 2A, and FIG. 2B. In the exemplary
embodiment shown in FIG. 1, FIG. 2A, and FIG. 2B, the
storage electrode 112 may include the same material as the
gate electrode 111. For example, the storage electrode 112 of
the exemplary embodiment shown in FIG. 1, FIG. 24, and
FIG. 2B may include an opaque conductive material layer
containing a metal layer. Thus, if the storage electrode 112 is
disposed in the pixel area PA, an aperture ratio of the liquid
crystal display apparatus may be degraded. However, the
liquid crystal display apparatus according to the present
exemplary embodiment may not employ any storage elec-
trodes, which may prevent the aperture ratio of the LCD
apparatus from being degraded. In this case, the storage
capacitor may be omitted. The storage capacitor may be used
to maintain the data voltage applied to the pixel electrode 130
for a set duration, but is a component that can be omitted.
[0060] The liquid crystal display apparatus may operate at
a high frame frequency of an image screen to prevent disad-
vantages due to the absence of the storage capacitors from
occurring. For example, if the frame frequency of the LCD
apparatus including the storage capacitors is 60 Hertz (Hz),
the frame frequency of the LCD apparatus according to the
present exemplary embodiment may be 120 Hz without the
storage capacitors. When the LCD apparatus operates at the
frame frequency of 60 Hz, a data voltage holding time for an
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image of a single frame may be about 0.0167 (Yeo) seconds. In
contrast, when the LCD apparatus operates at the frame fre-
quency of 120 Hz, the data voltage holding time for an image
of asingle frame may be about 0.0083 (¥120) seconds. That is,
the LCD apparatus may normally operate even without the
storage capacitors when operating at the frame frequency of
120 Hz. This is because the data voltage holding time at the
frame frequency of 120 Hz is merely one half of that at the
frame frequency of 60 Hz.

[0061] FIG. 5is a top plan view showing an LCD apparatus
according to still another exemplary embodiment of the
present invention. In this exemplary embodiment, the same
components as described in the aforementioned embodi-
ments are indicated using the same reference numerals, and
the descriptions to the components described in the previous
exemplary embodiments will be omitted or briefly men-
tioned.

[0062] Referring to FIG. 5, first and second substrates 100
and 200 are provided to face each other. Gate lines 110 and
datalines 120 are disposed on the first substrate 100, and pixel
areas PA are respectively defined at crossings of the gate lines
110 and the data lines 120. Each pixel area PA may include a
first thin film transistor Ta, a second thin film transistor Tb,
and a pixel electrode 130. Each data line 120 may include first
and second data lines 120a and 1204, and the pixel area PA
may be disposed between the first and second data lines 120a
and 1205. The pixel electrode 130 may include a first pixel
electrode 130a and a second pixel electrode 1304.

[0063] The first thin film transistor Ta may include a gate
electrode 111, a first source electrode 121a, and a first drain
electrode 122a. The first drain electrode 122a may be con-
nected to the first pixel electrode 130a through a first contact
hole 126/. The second thin film transistor Tb may include the
gate electrode 111, a second source electrode 1215 and a
second drain electrode 1225. The second drain electrode 1225
may be connected to the second pixel electrode 1305 through
a second contact hole 1274.

[0064] The first pixel electrode 130¢ may include a first sub
pixel electrode 131, a second sub pixel electrode 132, and a
third sub pixel electrode 133. The first and second sub pixel
electrodes 131 and 132 may face each other, and the third sub
pixel electrode 133 connects the first sub pixel electrode 131
with the second sub pixel electrode 132. The second pixel
electrode 1305 may be disposed between the first and second
sub pixel electrodes 131 and 132.

[0065] The third sub pixel electrode 133 may be spaced
apart from the gate line 110 and parallel to the gate line 110.
The first sub pixel electrode 131 may overlap the first data line
1204, and the second sub pixel electrode 132 may overlap the
second data line 1205. In this case, the pixel electrode 130
may occupy almost all of the pixel area PA since the pixel
electrode 130 overlaps with the data line 120. This may
increase the aperture ratio of the LCD apparatus. In another
exemplary embodiment, the gate line 110 may also overlap an
edge of the first pixel electrode 130a.

[0066] Thefirst pixelelectrode 130a may have a planar area
thatis greater than that of the second pixel electrode 1304. For
example, the planar area of the first pixel electrode 130a may
be twice that of the second pixel electrode 1305. A first data
voltage and a second data voltage may be applied to the first
and second pixel electrodes 130a and 1305, respectively. The
first and second data voltages may be different from each
other.
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[0067] When a data signal is transmitted through the data
line 120, a different voltage from the second data voltage may
be applied to the second pixel electrode 1305. This may be
due to a coupling capacitance between the data line 120 and
the second pixel electrode 1305 having a smaller area than the
first pixel electrode 130a. Accordingly, in order to prevent the
different voltage from the second data voltage from being
applied to the second pixel electrode 1305, the first pixel
electrode 130a may be disposed to overlap the data line 120.
In this case, the first pixel electrode 130a may act as a shield
electrode.

[0068] The pixel electrode 130 and the common electrode
230 may include a first domain divider 140 and a second
domain divider 240, respectively. The first domain divider
140 may correspond to an opening formed through a portion
of the pixel electrode 130. The opening may divide the pixel
electrode 130 into first and second pixel electrodes 1304 and
1300, which are spaced apart from each other. The second
domain divider 240 may include one or more protrusions
attached to a bottom surface of the common electrode 230 or
an opening that penetrates the common electrode 230. The
viewing angle of the LCD apparatus may be enhanced
because of the presence of the first and second domain divid-
ers 140 and 240.

[0069] FIG. 6A and FIG. 6B are cross sectional views taken
along line III-IIT" of FIG. 5 to show the operation of the LCD
apparatus shown in FIG. 5.

[0070] Referring to FIG. 5 and FIG. 6A, a gate insulating
layer 115 and a protection layer 125 may be sequentially
stacked on a surface of the first substrate 100, which faces the
second substrate 200. The first pixel electrode 130a and the
second pixel electrode 1305 may be disposed on the protec-
tion layer 125, and the first and second pixel electrodes 130a
and 1305 may be spaced apart from each other. A liquid
crystal layer including the liquid crystals 300 may be dis-
posed between the pixel electrode 130 and the common elec-
trode 230, and the liquid crystals 300 may have negative
dielectric anisotropy. Thus, the liquid crystals 300 may be
arranged perpendicular to the pixel electrode 130 and the
common electrode 230 when the first and second thin film
transistors Ta and Tb are turned off. As a result, the corre-
sponding pixel area PA of the LCD apparatus may generate a
black color.

[0071] Referring to FIG. 5 and FIG. 6B, when the first and
second thin film transistors Ta and Tb are turned on, first and
second data voltages may be applied to the first and second
pixel electrodes 1304 and 1305, respectively. Further, acom-
mon voltage may be applied to the common electrode 230
while the first and second thin film transistors Ta and Tb are
turned on. In this case, an electric field may be generated
across the liquid crystal layer, and the liquid crystals 300 may
be arranged to have a tilt with respect to the pixel electrode
130 and the common electrode 230. The electric field
between the first pixel electrode 130¢ and the common elec-
trode 230 may be different from that between the second pixel
electrode 1304 and the common electrode 230. This may be
due to the presence of the first domain divider 140 between
the first and second pixel electrodes 130a and 1305. Thus, the
alignment direction of the tilted liquid crystals 300 on the first
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pixel electrode 130a may be different from that of the tilted
liquid crystals 300 on the second pixel electrode 1305. In this
case, the light transmitted through the tilted liquid crystals
300 on the first pixel electrode 130a may compensate the light
transmitted through the tilted liquid crystals 300 on the sec-
ond pixel electrode 1305, thereby improving the operation
characteristics of the LCD apparatus.

[0072] Theliquid crystals 300 may have negative dielectric
anisotropy, and the liquid crystals 300 may include a negative
compound material, a neutral compound material, and a posi-
tive compound material. The negative compound material
may include at least one compound expressed by one of the
chemical formulas 9, 10, 11, 12, and 13, and the positive
compound material may include at least one compound
expressed by one of the chemical formulas 1,2, 3, 4, 5, 6,7,
and 8. Further, the neutral compound material may include at
least one compound expressed by one of the chemical formu-
las 14, 15,16, 17, and 18.

[0073] In the present exemplary embodiment, a storage
electrode (112 of FIG. 1) may be omitted, and the LCD
apparatus may be configured to operate at a frame frequency
of 120 Hz.

[0074] A time duration for which the thin film transistors Ta
and Tb are turned on at a frame frequency of 120 Hz may be
one half of a time duration for which the thin film transistors
are turned on at a frame frequency of 60 Hz. Thus, a charging
rate of the data voltage at a frame frequency of 120 Hz may be
reduced as compared to that of the data voltage at a frame
frequency of 60 Hz. This is because the data voltage holding
time of the LCD apparatus operating at a frame frequency of
120 Hz is one half of that of the LCD apparatus operating at
aframe frequency of 60 Hz. The reduction of the charging rate
may decrease of the transmittance of the LCD apparatus.
However, according to the present exemplary embodiment,
the storage electrode may be omitted. Hence, the transmit-
tance of the LCD apparatus may not be reduced due to the
absence of the storage electrode even if the LCD apparatus
operates at a high frame frequency of 120 Hz.

[0075] Intheeventthatthe LCD apparatus does notemploy
the storage electrode, the storage capacitance (refer to “Cst”
in the equations 2 and 3) may be reduced to increase the
voltage variation AVKb due to kick back. This disadvantage
may be resolved by increasing the liquid crystal capacitances
(refer to “Clel” and “Cle2” in the equations 2 and 3). The
liquid crystal capacitances may be increased by appropriately
adjusting the composition of the liquid crystals 300.

[0076] If the liquid crystal capacitances Clcl and Clc2
increase, the loading capacitances of the gate lines 110 and
the data lines 120 may also increase. This may lead to an
increase in the RC delay time of electrical signals, which are
transmitted through the gate lines 110 and the data lines 120.
However, the signal delay time may be minimized by employ-
ing the design schemes of the LCD apparatus shown in FIG.
5. Hereinafter, descriptions to the liquid crystal 300 including
some components with an optimum composition (e.g.,
weight ratio) thereof will be developed.

[0077] The components and the corresponding weight
ratios of three different liquid crystal samples S1, S2, and S3
are described in Table 1 below.
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TABLE 1
Components S1 S2 S3
Alkyl  Twt% 10wt % 3-6wt%
X Y
Alkoxy 6wt%  — Less than 2 wt %
X Y
Alkyl 17wt% 15wt % Less than 2 wt %
X v Alkoxy —  15wt% Less than 2 wt%
Alkenyl — — 25-35wt %
Alkoxy 30wt% 14wt % 15-20 wt %
X Y
F F
Alkoxy 23 wt% 18wt % 20-30 wt %
X Y
F F
Alkyl 17wt% 8wt% Less than 3 wt%
X Y
F F
Alkoxy —  20wt% 15-25wt %
F F
F F Alkyl — — Less than 3 wt %

Positive Compound — —

— 2-Twt %

[0078] Referring to Table 1, the first sample S1 includes a
neutral compound material including compounds expressed
by chemical formulas 14, 15, and 16 and a negative com-
pound material including compounds expressed by chemical
formulas 9, 10, and 11. The second sample S2 includes a
neutral compound material including compounds expressed
by chemical formulas 14, 16, and 17 and a negative com-
pound material including compounds expressed by chemical
formulas 9, 10, 11, and 12. The third sample S3 includes a
neutral compound material including compounds expressed
by chemical formulas 14, 15, 16, 17, and 18, and the com-
pound expressed by chemical formula 18 acts as a major
component of the neutral compound material. Also, the third
sample S3 further includes a negative compound material
including compounds expressed by chemical formulas 9, 10,
11, 12, and 13, and compounds expressed by chemical for-

mulas 9, 10, and 12 act as major components of the negative
compound material. In addition, the third sample S3 further
includes a positive compound material including at least one
compound expressed by one of chemical formulas 1, 2, 3, 4,
5,6,7,and 8.

[0079] Asdescribed above, the third sample S3 includes the
positive compound material, whereas each of the first and
second samples S1 and S2 does not include any positive
compound materials. The first sample S1 is different from the
second sample S2 in terms of the kind and composition (e.g.,
the weight ratio) of the negative compound material. In par-
ticular, the content of the negative compound material in the
first sample S1 is greater than that of the negative compound
material in the second sample S2.

[0080] The properties of the first, second, and third samples
S1, S2, and S3 are described in Table 2 below.
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TABLE 2 TABLE 3

Liquid Crystal Capacitance S1 S2 S3

Properties S1 S2 S3
Cg (farad) 1.539x 10713 1.540 x 10713 1544 x 10713

Tni 70° C. 80° C. 80° C. (1.0) (1.001) (1.003)

An (589 nm) 0.0712 0.0801 about 0.0820 Cd1 (farad) 1.736x 10713 1.736 x 10713 1.774 x 10713

nl 1.5422 1.5523 — (1.0) (1.0) (1.005)

n2 1.4710 14722 — Cd2 (farad)  1.731x 10713 1730 x 16713 1.735x 10713

Ae -27 24 24 (1.0) (0.999) (1.002)

el 37 34 4.0

€2 6.4 5.8 64

Ae/(Ave.€) -0.49 -0.48 -0.43 [0084] In Table 3, the numerals in parentheses indicate

Cell Gap 3.95 um 3.50 pm normalized capacitances when the capacitances of the sample
S1 are used as reference values.
[0085] Referring to Table 3, the capacitances Cg, Cdl, and

[0081] Referring to Table 2, the properties of the liquid Cd2 of the first sample S1 were nearly the same as the corre-

crystal include a phase transition temperature Tni, diffractive
indexes n1 and n2 and a diffractive anisotropy An against light
having a wavelength of 589 nm, dielectric constants €1 and
€2, a dielectric anisotropy A, an average dielectric constant
Ave.€, and a cell gap. In the liquid crystal properties, “nl”
and “€1” indicate a refractive index and a dielectric constant
along a length direction of the liquid crystal, respectively.
Similarly, “n2” and “€2” indicate a refractive index and a
dielectric constant along a width direction of the liquid crys-
tal, respectively. The average dielectric constant “Ave.&” can
be calculated using the equation (2x&2+€1)/3. In addition,
the cell gap indicates a distance between two substrates which
correspond to the first and second substrates 100 and 200 of
FIG. 6A and FIG. 6B.

[0082] As can be seen from Table 2, the first and third
samples S1 and S3 exhibited relatively higher dielectric con-
stants €1 and €2 than the second sample S2. Meanwhile, the
third sample S3 exhibited a relatively lower dielectric anisot-
ropy AE than the first sample S1.

[0083] Various capacitances of the LCD apparatuses
employing the aforementioned liquid crystal samples S1, S2,
and S3 are described in Table 3 below. In Table 3, “Cg”
indicates a gate capacitance between the gate line 110 and the
liquid crystal layer. Further, “Cd1” and “Cd2” indicate a first
data capacitance between the first data line 120a and the
liquid crystallayer and a second data capacitance between the
second data line 1205 and the liquid crystal layer, respec-
tively. The capacitances Cg, Cdl, and Cd2 were measured
using the LCD apparatus employing the samples S1. S2, and
S3, and the LCD apparatuses were fabricated to have the
structure shown in FIG. 5. In this case, the LCD apparatuses
were operated at a frame frequency of 120 Hz.

sponding capacitances Cg, Cdl, and Cd2 of the second
sample S2 without any significant differences, respectively.
Further, the capacitances Cg, Cd1, and Cd2 of the first sample
S1 were also nearly the same as the corresponding capaci-
tances Cg, Cd1, and Cd2 of the third sample S3 without any
significant differences, respectively. If the gate capacitance
Cg and the first and second data capacitances Cdl and Cd2
increase, the loading capacitances of the gate line and the data
lines are increased to delay the transmission speed of the
electrical signals applied to the gate line and the data lines.
However, the maximum differences between the normalized
capacitance values of the first, second, and third samples S1,
S2, and S3 were merely about 0.005. Accordingly, it can be
understood that the electrical signals transmitted through the
gate lines and the data lines may not be significantly delayed
even 1if the storage electrodes are omitted from the LCD
apparatus.

[0086] Various operation characteristics of the LCD appa-
ratuses employing the liquid crystal samples S1, S2, and S3
are described in Table 4 below. The LCD apparatuses show-
ing the measurement results described in Table 4 were fabri-
cated to have the same structure as shown in FIG. 5, and the
operation characteristics of Table 4 were measured with the
LCD apparatuses operating at a frame frequency of 120Hz. In
Table 4, “Cst” indicates a storage capacitance, and “Clc”
indicates a liquid crystal capacitance. Further, “Cgs” indi-
cates a parasitic capacitance between a gate electrode and a
source electrode of the thin film transistor. The kick back
voltage “Vkb” was measured when the voltage difference
AV12 (refer to the equations 2 and 3) was 30 Volts. The kick
back voltage variation AVkb corresponds to a difference
between the kick back voltage Vkb at a black color state and
the kick back voltage Vkb at a white color state. In the exem-
plary embodiment shown in FIG. 5, storage electrodes are
omitted. Thus, the storage capacitances described in Table 4
are 7ero.

TABLE 4
Operation S1 S2 S3
Characteristic White Black White Black White Black
Cst 0 pF 0pF 0pF
Cle 0.377pF  0218pF  0.377pF  0221pF  0.377pF  0.236 pF
Cgs 12.54 fF 12.54 fF 12.54 fF
Vkb 0.96575 1.63182 0.96575 1.61085 0.96575 1.51363
AVkb 0.66607 Volts 0.64510 Volts 0.54788 Volts
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[0087] Referring to Table 4, the liquid crystal capacitances
Cle of the first, second, and third samples S1, S2, and S3 at the
white color state were equal to each other, whereas the liquid
crystal capacitance Cle of the third sample S3 at the black
color state is greater than the liquid crystal capacitances Clc
of the first and second samples S1 and S2 at the black color
state. In more detail, it is assumed that the liquid crystal
capacitance Clc at the white color state and the liquid crystal
capacitance Clc at the black color state correspond to a first
liquid crystal capacitance and a second liquid crystal capaci-
tance respectively, and a difference between the first and
second liquid crystal capacitances corresponds to a liquid
crystal capacitance difference. In this case, the liquid crystal
capacitance difference of the third sample S3 is less than any
other liquid crystal capacitance differences of the first and
second samples S1 and S2. Thus, only the third sample S3
among the three different samples S1, S2, and S3 had a
minimum voltage variation AVkb of about 0.55 Volts, as
described in Table 4. As a result, when the liquid crystals of
the third sample S3 are employed in the LCD apparatus, the
kick back phenomenon may be significantly suppressed to
improve the image quality of the LCD apparatus. In particu-
lar, the liquid crystals of the third sample S3 may be appro-
priately used in the LCD apparatus, which is fabricated to
have the structure as shown in FIG. 5 and is operated at the
frame frequency of 120 Hz, as can be seen from Tables 1, 2,
3, and 4.

[0088] FIG.7is aplan view showing a liquid crystal display
apparatus according to yet another exemplary embodiment of
the present invention, and FIG. 8 is a plan view showing a
common electrode panel used in liquid crystal display appa-
ratus according to yet still another exemplary embodiment of
the present invention. Further, FIG. 9 is a plan view showing
a liquid crystal display apparatus employing the thin film
transistor panel of FIG. 7 and the common electrode panel of
FIG. 8. Moreover, FIG. 10 is a cross sectional view taken
along line IV-IV' of FIG. 9, and FIG. 11 is a cross sectional
view taken along line V-V' of FIG. 9.

[0089] Referring to FIG. 7, FIG. 8, FIG. 9, FIG. 10, and
FIG. 1, the LCD apparatus according to the present exem-
plary embodiment may include a thin film transistor panel
600 and a common electrode panel 700, and a liquid crystal
layer 503 disposed therebetween.

[0090] The liquid crystal layer 503 may include a plurality
of liquid crystals 810, and each liquid crystal 810 may include
various compounds having different physical properties. The
liquid crystal 810 may have a core group acting as a central
axis and at least one of a terminal group and a lateral group
connected to the core group.

[0091] Thecore group may include at least one cyclic com-
pound of a phenyl group, a cyclohexyl group, and a hetero-
cyclic compound. Each of the terminal group and the lateral
group may include at least one of a non-polar group and a
polar group. The non-polar group may correspond to an alkyl
group, an alkoxy group, or an alkenyl group, and the polar
group may correspond to a fluorine atom. Physical properties
of the liquid crystal 810 may be determined by the terminal
group and/or the lateral group.

[0092] The liquid crystal 810 may include a neutral com-
pound material that does not have dielectric anisotropy and a
polar compound material that has dielectric anisotropy.
[0093] The neutral compound material does not have
dielectric anisotropy but has a diffractive anisotropy. The
neutral compound material may serve to appropriately main-

Nov. 27,2008

tain the viscosity of the liquid crystal 810. The neutral com-
pound material may include at least one compound expressed
by one of the following chemical formulas I, T1, and TII.

Chemical Formula I

R Ry

Chemical Formula II

Rz Ry

@
D
Chemical Formula III

Rsm R6
a1

wherein, each of “R,”, “R,”, “R,”, “R,”, “R5” and “R” may
include one of an alkyl group and an alkoxy group, which
have one, two, three, four, five, six, seven, eight, nine, or ten
carbon molecules.

[0094] Theliquid crystal §10 may include about 10 wt % to
about 25 wt % of the neutral compound material. The remain-
der of the liquid crystal 810 may include a polar compound
material to be subsequently described. When the content of
the neutral compound material is within the range of about 10
wt % to about 25 wt %, the liquid crystal 810 may have an
appropriate viscosity.

[0095] The polar compound material may have dielectric
anisotropy AE and diffractive anisotropy An, and the polar
compound material may include a lateral group having at
least one fluorine atom.

[0096] The dielectric anisotropy An may correspond to a
difference between a horizontal dielectric constant €| (€1 of
Table 2) along a direction parallel to a length direction of the
liquid crystal 810 and a vertical dielectric constant &€ L (€2 of
Table 2) along a direction perpendicular to the length direc-
tion of the liquid crystal 810. When the horizontal dielectric
constant €|| is greater than the vertical dielectric constant €1,
the liquid crystal 810 may have positive dielectric anisotropy.
Alternatively, when the horizontal dielectric constant €| is
less than the vertical dielectric constant €1, the liquid crystal
810 may have negative dielectric anisotropy.

[0097] When an electric field is applied to the liquid crystal
810 having positive dielectric anisotropy, the liquid crystal
810 may be arranged parallel to the electric field. On the other
hand, when an electric field is applied to the liquid crystal 810
having negative dielectric anisotropy, the liquid crystal 810
may be arranged perpendicular to the electric field. Accord-
ingly, the liquid crystals 810 having positive dielectric anisot-
ropy may be used in a horizontal alignment type LCD appa-
ratus, and the liquid crystals 810 having negative dielectric
anisotropy may be used in a vertical alignment type LCD
apparatus.

[0098] The liquid crystals 810 according to the present
exemplary embodiments may be applied to the vertical align-
ment type LCD apparatus and may include both the com-
pound material having positive dielectric anisotropy (e.g., a
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positive compound material) and the compound material hav-
ing negative dielectric anisotropy (e.g., a negative compound
material).

[0099] The positive compound material may include at
least one compound expressed by one of the following chemi-
cal formulas IV, V, VI, VII, and VIII.

Chemical Formula IV

F

O F

T

F

vy

Chemical Formula V

F

F
F

Chemical Formula VI

(VI

wherein, each of “R,”, “R,”, “Ry”, “R,,” and “R,,” may
include one of an alkyl group and an alkoxy group, which
have one, two, three, four, five, six, seven, eight, nine, or ten
carbon molecules.

[0100] Theliquid crystal 810 may include the positive com-
pound material at a content of about 2 wt % to about 15wt %.
[0101] The negative compound material may include at
least one compound expressed by one of the following chemi-
cal formulas IX, X, XI, and XII.
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Chemical Formula IX

Ri

e
8}
1
=5

(X)

Chemical Formula X

Ris

55

F F
(0:9)
Chemical Formula XI
F F
XD

Chemical Formula XII

wherein, each of “R,,”, “R;5”, “R..”, “Ri5”, “Ri67, “Ri,7,
“Ry5”, and “R,,” may include one of an alkyl group and an
alkoxy group, which have one, two, three, four, five, six,
seven, eight, nine, or ten carbon molecules.

[0102] Theliquid crystal 810 may include about 60 wt % to
about 80 wt % of the negative compound material.

[0103] The dielectric anisotropy A€ of the aforementioned
liquid crystals 810 may have a negative value since the liquid
crystals 810 are applicable to a vertical alignment type LCD
apparatus.

[0104] As described above, the liquid crystal 810 may
include about 60 wt % to about 80 wt % of the negative
compound material. Thus, the vertical dielectric constant &1
of the liquid crystal 810 may increase since the negative
compound material content is over 60 wt %. In an exemplary
embodiment, the liquid crystal 810 may have the vertical
dielectric constant €L of about 6.7 or higher. In contrast,
when the negative compound material content is over 80 wt
%, the reliability of the liquid crystal 810 may be degraded
and the viscosity of the liquid crystal 810 may be increased.
Therefore, the neutral compound material content should be
relatively decreased when the negative compound material
content increases.

[0105] Notwithstanding that the liquid crystal 810 is used
in a vertical alignment type LCD apparatus, the liquid crystal
810 may include a low content of about 2 wt % to about 15 wt
% of the positive compound material. If the positive com-
pound material content exceeds 2 wt %, the horizontal dielec-
tric constant €| of the liquid crystal 810 may also increase.
Further, if the positive compound material content exceeds 15
wt %, the movement of the liquid crystal 810 may become
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more dulled. In this case, it may be necessary to increase the
operating voltage of the LCD apparatus.

[0106] The liquid crystal 810 may have both the horizontal
dielectric constant €| and the vertical dielectric constant €1.
Thus, a total dielectric constant of the liquid crystal layer 503
including the plurality of liquid crystals 810 may increase,
and the liquid crystal capacitances (e.g., Clcl and Cle2 of the
equations 2 and 3) may also increase. This may lead to an
increase in the data voltage holding time. Accordingly, there
may be no need to form an auxiliary capacitor to increase the
liquid crystal capacitances in the pixel areas PA. As a result,
the aperture ratio of the LCD apparatus may be increased
without any degradation of an integrated density. In addition,
if the liquid crystal capacitances increase, the kick back volt-
age may decrease, which may prevent a display error such as
a flicker.

[0107] If the liquid crystal 810 includes the positive com-
pound material, the dielectric anisotropy A€ of the liquid
crystal 810 may be lowered to have a negative value within a
range of about -2.6 to —3.4. That is, a ratio (AS/€1) of the
dielectric anisotropy AE to the vertical dielectric constant €1
may be significantly lowered to have a value within a range of
about 0.31 to 0.46. The liquid crystal 810 may have a phase
transition temperature Tni of about 70° C. to 95° C. and a
diffractive anisotropy An of about 0.103 or the less.

[0108] Now, descriptions to the thin film transistor panel
600 will be developed with reference to F1G. 7, FIG. 8, FIG.
9, FIG. 10, and FIG. 11 in connection with the LCD apparatus
employing the above-described liquid crystals 810.

[0109] Referring to FIG. 7, FIG. 8, FIG. 9, FIG. 10, and
FIG. 11, a plurality of gate lines 621 and a plurality of storage
lines 631 may be disposed on an insulator substrate 610,
which may include transparent glass or transparent plastic
material. The gate lines 621 may be disposed in a row direc-
tionto be parallel (e.g., parallel to an x-axis) as shown in FIG.
7 and FIG. 9. Each gate line 621 may include a plurality of
gate electrodes 624 that are located in some portions of the
gate line 621 and a gate pad 629 that is located at an end of the
gate line 621. The gate electrodes 624 may have a width that
is greater than that of the gate line 621. Similarly, the gate pad
629 may also have a width that is greater than that of the gate
line 621. The gate pad 629 may act as a contact pad to connect
the gate line 621 with another conductive line or an external
circuit.

[0110] Each storage line 631 may include a main storage
line that is disposed parallel to the gate line 621 adjacent
thereto, a plurality of storage electrode groups that are split
from the main storage line, and a plurality of connections
633e that connect the adjacent storage electrode groups. Each
storage electrode group may include a plurality of storage
electrodes, for example, first, second, third, and fourth stor-
age electrodes 633a, 6335, 633¢, and 6334, which are directly
or indirectly connected to the main storage line.

[0111] The first storage electrodes 633a may extend from
the main storage line in a column direction to be parallel (e.g.,
parallel to a y-axis) as shown in FIG. 7and FIG. 9. The second
storage electrodes 6335 may be disposed parallel to the first
storage electrodes 633a. Each first storage electrode 633a
may include a fixed portion directly connected to the main
storage line and a free portion serially connected to the fixed
portion. The third and fourth storage electrodes 633¢ and
633d may be disposed between the first and second storage
electrodes 633a and 6335. The third storage electrode 633¢
may connect a central portion of the first storage electrode
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633a (e.g., a portion between the fixed portion and the free
portion) to one end of the second storage electrode 6335, and
the fourth storage electrode 633d may connect the central
portion of the first storage electrode 633« to the other end of
the second storage electrode 633b. The storage electrode
groups may be disposed in a plurality of pixel areas, respec-
tively. The second storage electrode 6335 in a specific pixel
area may be connected to the first storage electrode 6334 in
another pixel area that is adjacent to the specific pixel area
along the row direction, by one of the connections 633e. The
configuration and location of each storage line 631 (including
the storage electrodes 633a, 6335, 633¢, and 6334) may be
embodied in many different forms and should not be con-
strued as limited to the exemplary embodiments set forth
herein. If the liquid crystal layer 503 produces a sufficient
liquid crystal capacitance to prevent the kick back phenom-
enon without the storage electrodes 633a, 6335, 633¢, and
6334, the storage lines 631 including the storage electrodes
633a, 6335, 633¢, and 6334 may be omitted.

[0112] The gate lines 621 and the storage lines 631 may
include a metal layer having low electrical resistance. For
example, the gate lines 621 and the storage lines 631 may
include a metal layer containing aluminum (Al), a metal layer
containing silver (Ag), a metal layer containing copper (Cu),
ametal layer containing molybdenum (Mo), a chrome layer,
a tantalum layer, or a titanium layer. In another exemplary
embodiment, the gate lines 621 and the storage lines 631 may
include a multi-level conductive layer including at least two
conductive layers having different physical properties from
each other.

[0113] The gate lines 621 and the storage lines 631 (includ-
ing the storage electrodes 633a, 6335, 633¢, and 6334) may
include positive sloped sidewalls having an inclination of
about 30 degrees to 80 degrees with respect to a main surface
of the substrate 610. When a sidewall of a line is referred to as
being positively sloped, it will be understood that a top width
of the line is less than a bottom width thereof.

[0114] A gateinsulating layer 640 may be disposed to cover
the gate lines 621, the storage lines 631, and the substrate 610.
The gate insulating layer 640 may include an insulating layer,
such as a silicon nitride layer or a silicon oxide layer. A
plurality of line-shaped semiconductor patterns 651 may be
disposed on the gate insulating layer 640, and the line-shaped
semiconductor patterns 651 may include a hydrogenated
amorphous silicon (a-Si:H) layer or a polysilicon layer. Each
line-shaped semiconductor pattern 651 may be disposed to
cross over the gate lines 621 and may have extensions 654 that
overlap the gate electrodes 624.

[0115] A plurality of line-shaped ohmic contact members
(not shown) may be disposed across the semiconductor pat-
terns 651 respectively, and a plurality ofisland-shaped ohmic
contact members 665 may be disposed on the semiconductor
patterns 651 respectively. Each line-shaped ohmic contact
member may include a protrusion 663 that overlaps a portion
of the semiconductor extension 654. The protrusion 663 of
the line-shaped ohmic contact member and the island-shaped
ohmic contact member 665 may be disposed on both ends of
the extension 654, respectively. The protrusions 663 and the
island-shaped ohmic contact members 665 may act as source-
side ohmic contact members and drain-side ohmic contact
members, respectively. The ohmic contact members 663 and
665 may include an amorphous silicon layer heavily doped
with n-type impurities, such as phosphorous ions or a metal
silicide layer.
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[0116] The semiconductor patterns 651 and the ohmic con-
tact members 663 and 665 may also include positive sloped
sidewalls having an inclination of about 30 degrees to about
80 degrees with respect to the main surface of the substrate
610. A plurality of data lines 671, a plurality of drain elec-
trodes 675, and a plurality of isolated conductive patterns 678
may be disposed on the ohmic contact members 663, the
ohmic contact members 665, and the gate insulating layer
640, respectively.

[0117] The datalines 671 may act as transmission lines for
data signals and may extend to cross over the gate lines 621,
the main storage lines of the storage lines 631, and the con-
nections 633e. Each data line 671 may include a plurality of
source electrodes 673 that respectively overlap the ohmic
contact members 663 arrayed along a column direction. In
addition, each data line 671 may further include a data line
pad 679 connected to an end thereof. The data line pad 679
may act as a contact pad to connect the data line 671 with
another conductive line or an external circuit.

[0118] The drain electrodes 675 may be spaced apart from
the source electrodes 673, and the drain electrodes 675 and
the source electrodes 673 may be disposed on a single semi-
conductor extension 654 of the semiconductor pattern 651 to
face each other. Each drain electrode 675 may include a drain
pad extending from one end thereof, and the other end of the
drain electrode 675 may be surrounded by the source elec-
trode 673, as shown in F1G. 7, F1G. 8, and FIG. 9. The single
semiconductor extension 654, the gate electrode 624 overlap-
ping the single semiconductor extension 654, and the single
source and drain electrodes 673 and 675 overlapping the
single semiconductor extension 654 may constitute a thin
film transistor. The semiconductor extension 654 between the
source and drain electrodes 673 and 675 may act as a channel
region of the thin film transistor.

[0119] The isolated conductive patterns 678 may be dis-
posed adjacent to ends of the first storage electrodes 633a,
respectively. The data lines 671, the drain electrodes 675, and
the isolated metal patterns 678 may include a conductive
layer having a low electric resistance, for example, a metal
silicide layer.

[0120] The data lines 671 (including the source electrodes
673), the drain electrodes 675, and the isolated conductive
patterns 678 may also include positive sloped sidewalls hav-
ing an inclination of about 30 degrees to 80 degrees with
respect to the main surface of the substrate 610. The line-
shaped ohmic contact members including the source-side
ohmic contact members 663 may be disposed between the
line-shaped semiconductor patterns 651 and the data lines
671 stacked on the line-shaped semiconductor patterns 651,
thereby reducing contact resistances therebetween. Similarly,
the island-shaped ohmic contact members 665 may be dis-
posed between the line-shaped semiconductor patterns 651
and the drain electrodes 675 stacked on the line-shaped semi-
conductor patterns 651, thereby reducing contact resistances
therebetween.

[0121] The data lines 671, the drain electrodes 675, the
isolated conductive patterns 678, and the semiconductor pat-
terns 651 may be covered with a passivation layer 680. A
plurality of pixel electrodes 691, a plurality of overpasses
583, and a plurality of contact assistants 581 and 582 may be
disposed on the passivation layer 680. The pixel electrodes
691, the overpasses 583, and the contact assistants 581 and
582 may include a transparent conductive layer or a reflective
metal layer. The transparent conductive layer may include an
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indium tin oxide (ITO) layer or an indium zinc oxide (1Z0)
layer, and the reflective metal layer may include an aluminum
layer, a silver layer, a chrome layer, or an alloy layer of
aluminum, silver, or chrome.

[0122] Each respective pixel electrode 691 may be directly
connected to the corresponding drain electrode 675 through
one of contact holes 685, which penetrate the passivation
layer 680. Thus, when a data voltage is applied to any one data
line 671 selected from the data lines 671 and one of the thin
film transistors connected to the selected data line 671 is
selectively turned on, the data voltage may be applied to the
pixel electrode 691 connected to the selected thin film tran-
sistor through the drain electrode 675 of the selected thin film
transistor. In this case, if a common voltage is applied to a
common electrode 770 disposed on the common electrode
panel 700 facing the insulating substrate 610, an electric field
may be generated between the common electrode 770 and the
pixel electrode 691 to which the data voltage is applied. The
electric field between the common electrode 770 and the pixel
electrode 691 may influence the alignment of the liquid crys-
tals 810 between the common electrode 770 and the pixel
electrode 691, and polarization of light penetrating the liquid
crystals 810 may depend on the alignment direction of the
liquid crystals 810.

[0123] A pixel electrode 691 and the common electrode
770 may constitute a liquid crystal capacitor. Thus, even after
the thin film transistor is turned off, the data voltage applied to
the pixel electrode 691 may be maintained for awhile. Fur-
ther, the pixel electrode 691 may overlap the storage line 631
including the storage electrodes 6334, 633, 633¢, and 6334.
Thus, the pixel electrode 691 and the storage line 631 may
constitute a storage capacitor. The storage capacitor and the
liquid crystal capacitor may be connected in parallel. Accord-
ingly, the storage capacitor may increase a data voltage hold-
ing time of the liquid crystal capacitor. In other words, the
storage capacitor may improve a data retention characteristic
of the pixel.

[0124] Each pixel electrode 691 may have a rectangular-
shaped configuration including four main sides and four
chamfered corers when viewed from a plan view. First and
second main sides of the pixel electrode 691 may face each
other and are parallel to the data lines 671, and third and
fourth main sides of the pixel electrode 691 may face each
other and are parallel to the gate lines 621. Each chamfered
corner of the pixel electrode 691 may include an oblique side
having an inclination of about 45 degrees with respect to the
gate lines 621. Further, the pixel electrode 691 may be divided
into a plurality of partitions by a first cutting region 5924, a
second cutting region 5924, and a central cutting region 591,
which penetrate the pixel electrode 691. In addition, a hori-
zontal straight line, which passes through a central point of
the pixel electrode 691 and is parallel to the gate lines 621,
may divide the pixel electrode 691 into a first halfregion and
a second half region. The first half region of the pixel elec-
trode 691 may be symmetrical to a second half region thereof
with respect to the horizontal straight line.

[0125] The first cutting region 592¢ may extend from a
right bottom corner of the pixel electrode 691 toward a central
point of the left side thereof, and the second cutting region
5925 may extend from a right top corner of the pixel electrode
691 toward the central point of the left side thereof. That is,
the first and second cutting regions 592a and 5925 may have
a line-shaped configuration. In an exemplary embodiment,
the first and second cutting regions 592a and 5924 may over-
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lap the fourth storage electrode 633d and the third storage
electrode 633c, respectively. Therefore, the first and second
cutting regions 592a and 5925 may be disposed in the first and
second half regions of the pixel electrode 691, respectively.
An angle between the first and second cutting regions 5924
and 5925 may be about 90 degrees, and extension lines of the
first and second cutting regions 592a and 5925 may meet the
gate lines at an angle of about 45 degrees.

[0126] The central cutting region 591 may extend from a
central region of the right side toward a central region of the
left side along the horizontal straight line. An inlet portion of
the central cutting region 591 may have a pair of oblique sides
that are parallel to the first and second cutting regions 592a
and 5926 respectively. As a result, the first cutting region 592a
may divide the first half region of the pixel electrode 691 into
two separate regions, and the second cutting region 5925 may
divide the second half region of the pixel electrode 691 into
two separate regions. The pixel electrode 691 may be embod-
ied in many different forms and should not be construed as
limited to the exemplary embodiments set forth herein. For
example, the number of the cutting regions 591, 5924, and
592b and the dimension of the pixel electrode 691 may be
changed according to properties of the liquid crystal layer 503
and a design scheme of the LCD apparatus.

[0127] The overpasses 583 may cross over the gate lines
621. One end of each overpass 583 may be connected to one
of the storage lines 631 through a contact hole 683a that
penetrates the passivation layer 680 and the gate insulating
layer 640, and the otherend of each of the overpasses 583 may
be connected to one of the first storage electrodes 633a
through a contact hole 6835 that penetrates the passivation
layer 680 and the gate insulating layer 640. The storage lines
631 including the storage electrodes 633a and 6335 may be
used to repair the gate lines 621, the data lines 671, or the thin
film transistors that have defects.

[0128] Each contact assistant 581 may be connected to one
of the gate pads 629 through one of contact holes 681 that
penetrate the passivation layer 680. Similarly, each contact
assistant 582 may be connected to one of the data line pads
679 through one of contact holes 682 that penetrate the pas-
sivation layer 680 and the gate insulating layer 640. The
contact assistants 581 may improve the adhesion between the
gate pads 629 and other conductive lines to be connected
thereto, and the contact assistants 582 may improve the adhe-
sion between the data line pads 679 and other conductive lines
to be connected thereto. Further, the contact assistants 581
and 582 may protect the gate pads 629 and the data line pads
679.

[0129] Now, descriptions to the common electrode panel
700 will be developed with reference to FIG. 8, FIG. 9, and
FIG. 10 in more detail.

[0130] Referring again to FIG. 8, FIG. 9, and FIG. 10, an
optical blocking layer 720 may be disposed on an insulating
substrate 710, which may include transparent glass or trans-
parent plastic material. The optical blocking layer 720 may be
referred to as a black matrix. The optical blocking layer 720
may block light that passes through gap regions between the
pixel electrodes 691. That is, the optical blocking layer 720
may have a plurality of openings 725 that face the pixel
electrodes 691, respectively. As a result, each opening 725
may have almost the same configuration as the corresponding
pixel electrode 691. In addition, the optical blocking layer
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may include a first portion that faces the gate lines 621 and the
data lines 671 and a second portion that faces the thin film
transistors.

[0131] A plurality of color filters 730 may be disposed on
the openings 725, respectively. In another exemplary embodi-
ment, the color filters 730 located in each column of the pixel
areas may extend along the y-axis (refer to FIG. 9). In this
case, the color filters 730 in each column may be connected to
each other, thereby providing a single color filter line. Each
color filter 730 may be one of a red color filter, a green color
filter, and a blue color filter.

[0132] The color filters 730 and the optical blocking layer
720 may be covered with an overcoat layer 750. The overcoat
layer 750 may include an organic insulating layer. The over-
coat layer 750 may prevent the color filters 730 from being
exposed and may have a flat surface. In other exemplary
embodiments, the overcoat layer 750 may be omitted.
[0133] A common electrode 770 may be disposed on the
overcoat layer 750. When the overcoat layer 750 is not pro-
vided, the common electrode 770 may be directly disposed on
the optical blocking layer 720 and the color filters 730. The
common electrode 770 may include a transparent conductive
layer such as an indium tin oxide (ITO) layer or an indium
zine oxide (IZO) layer. A plurality of cutting region groups
may be provided to penetrate the common electrode 770.
Each cutting region group may include a plurality of cutting
regions. For example, each cutting region group may include
a first cutting region 5724, a second cutting region 5725, and
a central cutting region 571.

[0134] The cutting regions 571, 572a, and 5725 may be
disposed not to overlap the cutting regions 591, 592a, and
5925 of the pixel electrode 691. For example, the first cutting
region 572a may be disposed between the first cutting region
592a of the pixel electrode 691 and the chamfered oblique
side of the left bottom corner of the pixel electrode 691, as
shown in FIG. 9. Similarly, the second cutting region 5726
may be disposed between the second cutting region 5926 of
the pixel electrode 691 and the chamfered oblique side of the
left top corner of the pixel electrode 691, as shown in FIG. 9.
Further, the central cutting region 571 may be disposed
between the first and second cutting regions 592a and 5926
and the central cutting region 591 of the pixel electrode 691,
as shown in FIG. 9. Each cutting region 571, 572q, and 5726
may include at least one diagonal portion thatis parallel to the
first cutting region 592a or the second cutting region 5926 of
the pixel electrode 691. Each cutting region group (including
the first cutting region 5724, the second cutting region 5724,
and the central cutting region 571) may have a line symmetry
configuration. In this case, the horizontal straight line of the
pixel electrode 691 may act as an axis of symmetry.

[0135] Each of'the first and second cutting regions 572a and
5725 may include a diagonal portion 5724, a vertical portion
572v parallel to the y-axis, and a horizontal portion 572k
parallel to the x-axis, as shown in FIG. 8 and FIG. 9. The
horizontal portion 572k may extend from one end of the
diagonal portion 572d, and the vertical portion 572v may
extend from the other end of the diagonal portion 572d.
[0136] The central cutting region 571 may include a central
horizontal portion 5714, first and second diagonal portions
5714 and 571d", and first and second vertical portions 571v
and 571v". The central horizontal portion 5714 may be dis-
posedto extend from a central point of the left side of the pixel
electrode 691 toward the right side of the pixel electrode 691
when viewed from the plan views of FIG. 8 and FIG. 9. The
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first diagonal portion 5714" may extend from a right end ofthe
central horizontal portion 571/ to be parallel to the diagonal
portion 5724 of the first cutting region 572a, and the second
diagonal portion 5714" may extend from the right end of the
central horizontal portion 571/ to be parallel to the diagonal
portion 5724 of the second cutting region 5725. In addition,
the first vertical portion 571v' of the central cutting region 571
may extend from aright end ofthe first diagonal portion 5714
to be parallel to the y-axis, and second vertical portion 571v"
of the central cutting region 571 may extend from the right
end of the second diagonal portion 571d" to be parallel to the
y-axis.

[0137] Thecutting regions 571, 572a, and 5725 penetrating
the common electrode 770 may be embodied in many differ-
ent forms and should not be construed as limited to the exem-
plary embodiments set forth herein. For example, the number
and the configuration of the cutting regions 571, 5724, and
572b may be changed according to properties of the liquid
crystal layer 503 and a design scheme of the LCD apparatus.
The optical blocking layer 720 may further include a plurality
of optical blocking patterns disposed to overlap the cutting
regions 571, 572a, and 572b. The optical blocking patterns
may block light that passes through the cutting regions 571,
572a, and 572b.

[0138] When a common voltage is applied to the common
electrode 770 and a data voltage is applied to the pixel elec-
trode 691, an electric field may be generated between the
common electrode 770 and the pixel electrode 691. A direc-
tion of the electric field may be substantially perpendicular to
the electrodes 691 and 770. If the liquid crystals 810 have
negative dielectric anisotropy, the liquid crystals 810 between
the electrodes 691 and 770 may be arranged perpendicular to
the electric field. The electric field may be distributed such
that it is not perpendicular to the electrodes 691 and 770. This
is due to the presence of the common electrode cutting
regions 571, 572a, and 5725, and the pixel electrode cutting
regions 591, 5924, and 5924, which do not overlap with each
other, as described with reference to FIG. 4B. As a result, the
liquid crystals 810 between the electrodes 691 and 770 may
be arranged tilted when the common voltage and the data
electrode are applied to the common electrode 770 and the
pixel electrode 691, respectively.

[0139] Referring again to FIG. 9, the cutting regions 571,
572a,and 5726 and 591,592, and 5925 may divide the liquid
crystal layer 503 in a single pixel area into a plurality of
sub-pixel areas. Fach sub-pixel area may include a pair of
primary sides that intersect the x-axis at an angle of about 45
degrees. The primary sides of each sub-pixel area may inter-
sect a polarization axis of polarizing plates (refer to reference
numerals “512” and “522” of FIG. 10) at an angle of about 45
degrees. Thus, the light efficiency of the LCD apparatus may
be maximized.

[0140] Most the liquid crystals 810 in each sub-pixel area
may be tilted in a direction substantially perpendicular to the
primary sides of each sub-pixel area. Thus, the liquid crystals
810 in each pixel area may include four groups of liquid
crystals 810, which are arranged along four different direc-
tions respectively. If the number of alignment directions of
the liquid crystals 810 increase, a viewing angle of the LCD
apparatus may be improved.

[0141] The cutting regions 571, 572a, and 5726 and 591,
592a, and 5925 may be embodied in many different forms and
should not be construed as limited to the exemplary embodi-
ments set forth herein. For example, at least one of the cutting
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regions 571, 572a. and 5726 and 591, 592a, and 5925 may be
replaced with a protrusion (refer to reference number “240”
of FIG. 4A and FIG. 4B) or a recession. The protrusion may
include an organic material layer or an inorganic material
layer and may be disposed on or under the electrodes 691 and
770.

[0142] A firstalignment layer 511 may be disposed to cover
the passivation layer 680, the pixel electrodes 691, and the
overpasses 583, and a second alignment layer 521 may be
disposed to cover the common electrode 770. The first and
second alignment layers 511 and 521 may correspond to a
vertical alignment layer. The liquid crystal layer 503 may be
disposed between the first and second alignment layers 511
and 521.

[0143] Inyetstill another exemplary embodiment, the LCD
apparatus may further include a phase retardation layer to
compensate a phase delay of the liquid crystal layer 503.

[0144] The liquid crystal layer 503 may have negative
dielectric anisotropy as described above, and the liquid crys-
tals 810 in the liquid crystal layer 503 may be arranged
perpendicular to the electrodes 691 and 770 without any
electric field. In this case, the polarizing layers 512 and 522
may block incident light irradiating onto the bottom surface
ofthe substrate 610. In other words, the incident light may not
pass through the polarizing layers 512 and 522.

[0145] As described above, the liquid crystal layer 503 may
include a plurality of liquid crystals 810, and each liquid
crystal 810 may contain a positive compound material, a
negative compound material, and a neutral compound layer.
A neutral compound content of the liquid crystal §10 may be
within a range of about 10 wt % to 25 wt %, a positive
compound content of the liquid crystal 810 may be within a
range of about 2 wt % to 15 wt %, and a negative compound
content of the liquid crystal 810 may be within a range of
about 60 wt % to 80 wt %.

[0146] As described above, the liquid crystal 810 may have
the dielectric anisotropy A€ of about -2.6 to -3.4, and a ratio
(AE/EL) of the dielectric anisotropy A& to the vertical dielec-
tric constant €1 may be within a range of about 0.31 to 0.46.
Further, the liquid crystal 810 may have a phase transition
temperature Tni of about 70° C. to 95° C. and a diffractive
anisotropy An of about 0.103 or the less.

[0147] According to the exemplary embodiments describe
above, the liquid crystal 810 may include both the positive
compound material and the negative compound material,
thereby increasing a total dielectric constant of the liquid
crystal layer 503 including the plurality of liquid crystals §10.
Thus, the liquid crystal capacitances may also increase. This
may lead to an increase in the data voltage holding time of the
LCD apparatus. Accordingly, there may be no need to form an
auxiliary capacitor to increase the liquid crystal capacitances
in the pixel areas PA. As aresult, the aperture ratio of the LCD
apparatus may be increased without any degradation of the
integrated density.

[0148] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.
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What is claimed is:
1. A liquid crystal, comprising:
about 60 wt % to about 80 wt % of a first compound
material having a dielectric anisotropy of a first polarity;
about 2 wt % to about 15 wt % of a second compound
material having a dielectric anisotropy ofa second polar-
ity; and
aneutral compound material.
2. The liquid crystal of claim 1, wherein a content of the
second compound material is about 2 wt % to about 7 wt %.
3. The liquid crystal of claim 2, wherein the neutral com-
pound material comprises a compound expressed by the fol-
lowing chemical formula 1, and wherein the first compound
material comprises at least one compound expressed by one
of the following chemical formulas 2, 3, and 4.

Chemical Formula 1

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkenyl group

Chemical Formula 2

4
&>
&2

s

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y”” denotes an alkoxy group

Chemical Formula 3

>4
les]
les]
]
>
s

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 4

F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group.
4. The liquid crystal of claim 3, wherein a content of the

compound expressed by chemical formula 1 is about 25 wt %
to about 35 wt %, wherein a content of the compound
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expressed by chemical formula 2 is about 15 wt % to about 20
wt %, wherein a content of the compound expressed by
chemical formula 3 is about 20 wt % to about 30 wt %, and
wherein a content of the compound expressed by chemical
formula 4 is about 15 wt % to about 25 wt %.

5. The liquid crystal of claim 3, wherein the neutral com-
pound material further comprises at least one compound
expressed by one of the following chemical formulas 5, 6, 7,
and 8, and wherein the first compound material further com-
prises at least one compound expressed by one of the follow-
ing chemical formulas 9 and 10

Chemical Formula 5

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 6

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 7

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 8

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 9

S
Lo s}
Loy

o

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group
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Chemical Formula 10

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules, and “Y” denotes an alkyl group.

6. The liquid crystal of claim 5, wherein the second com-
pound material comprises at least one compound expressed
by one of the following chemical formulas 11, 12, 13, 14,15,
16,17, and 18

Chemical Formula 11

F
F
wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
Chemical Formula 12
F
F F
wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
Chemical Formula 13
F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 14

F

CF,0 F

:

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
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Chermical Formula 15

>
K
]

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 16

T F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules.

Chermical Formula 17

>
v % o]
]

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 18

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules.

:

7. The liquid crystal of claim 1, wherein the first compound
material comprises at least one compound expressed by one
of the following chemical formulas 1, 2, 3, 4, 5,6, 7, and 8

Chemical Formula 1

F

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
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Chemical Formula 2

F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 3
F
AP
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 4
F
X CE>0 F
F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 5

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 6
F F
-
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
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Chemical Formula 7

F
F
wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 8

F

F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules.

8. The liquid crystal of claim 7, wherein the second com-

pound material comprises at least one compound expressed

by one of the following chemical formulas 9, 10, 11, 12, and

13
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 9

Chemical Formula 10

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 11

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group
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Chemical Formula 12
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 13

F, T

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group.
9. The liquid crystal of claim 8, wherein the neutral com-
pound material comprises at least one compound expressed
by the following chemical formulas 14, 15, 16, 17, and 18

Chemical Formula 14

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 15

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 16

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 17

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group
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Chemical Formula 18
X @_va

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkenyl group.
10. A liquid crystal display apparatus, comprising:
a first substrate having a pixel area;
a second substrate facing the first substrate; and
a plurality of liquid crystals disposed between the first
substrate and the second substrate, wherein each liquid
crystal comprises:
about 60 wt % to about 80 wt % of a first compound
material having a dielectric anisotropy of a first polarity;
about 2 wt % to about 15 wt % of a second compound
material having a dielectric anisotropy of a second polar-
ity; and
a neutral compound material.
11. The apparatus of claim 10, wherein a content of the
second compound material is about 2 wt % to about 7 wt %.
12. The apparatus of claim 11, wherein the neutral com-
pound material comprises a compound expressed by the fol-
lowing chemical formula 1, and wherein the first compound

material comprises at least one compound expressed by one
of the following chemical formulas 2, 3, and 4

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkenyl group

Chemical Formula 1

Chemical Formula 2

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 3

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group
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Chemical Formula 4

F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or §
carbon molecules, and “Y” denotes an alkoxy group.

13. The apparatus of claim 12, wherein a content of the
compound expressed by chemical formula 1 is about 25 wt %
to about 35 wt %, wherein a content of the compound
expressed by chemical formula 2 is about 15 wt % to about 20
wt %, wherein a content of the compound expressed by
chemical formula 3 is about 20 wt % to about 30 wt %, and
wherein a content of the compound expressed by chemical
formula 4 is about 15 wt % to about 25 wt %.

14. The apparatus of claim 12, wherein the neutral com-
pound material further comprises at least one compound
expressed by one of the following chemical formulas 5, 6, 7,
and 8, and wherein the first compound material further com-
prises at least one compound expressed by the following
chemical formulas 9 and 10

Chemical Formula 5

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 6

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 7

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 8

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group
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Chemical Formula 9

>
i
L= 3]

~

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 10

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group.

15. The apparatus of claim 14, wherein the second com-

pound material comprises at least one compound expressed
by the following chemical formulas 11,12, 13, 14,15, 16,17,
and 18

Chemical Formula 11

T

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 12

F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 13
F
atabaUs
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
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Chermical Formula 14

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 15

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 16
F F
O
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 17
F
X F
F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 18
F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules.
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16. The apparatus of claim 15, wherein a dielectric anisot-
ropy of the liquid crystal is within a range of about -2.6 to
about -3.4.

17. The apparatus of claim 16, wherein aratio of the dielec-
tric anisotropy to a vertical dielectric constant of the liquid
crystal is within a range of about 0.31 to about 0.46.

18. The apparatus of claim 17, wherein the liquid crystal
has a phase transition temperature of about 70° C. to about
95¢ C. and a diffractive anisotropy of about 0.103 or the less.

19. The apparatus of claim 10, wherein the first compound
material comprises at least one compound expressed by one
of the following chemical formulas 1, 2, 3, 4, 5,6, 7, and 8

Chemical Formula 1

F

F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 2
F
A
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 3
F
ALY
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules

Chemical Formula 4

F

CF,0 F

$

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules
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Chemical Formula 5

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 6
F F
O
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules
Chemical Formula 7
F
X F
F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or §
carbon molecules

Chemical Formula 8
F
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules.

20. The apparatus as set forth in claim 19, wherein the
second compound material comprises at least one compound
expressed by one of the following chemical formulas 9, 10,
11,12, and 13

Chemical Formula 9

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group
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Chemical Formula 10

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 11

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group
Chemical Formula 12

F T

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 13
F F

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5

carbon molecules, and “Y” denotes an alkyl group.

21. The apparatus of claim 20, wherein the neutral com-
pound material comprises at least one compound expressed
by one of the following chemical formulas 14, 15, 16, 17, and
18

Chemical Formula 14

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group
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Chemical Formula 15

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkoxy group

Chemical Formula 16

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
carbon molecules, and “Y” denotes an alkyl group

Chemical Formula 17

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or 5
molecules, and “Y” denotes an alkoxy group

Chemical Formula 18

:

wherein, “X” denotes a hydrocarbon having 2, 3, 4, or §
carbon molecules, and “Y” denotes an alkenyl group.

Nov. 27,2008

22. The apparatus of claim 10, further comprising:
a gate line disposed on the first substrate;

a data line disposed across the gate line to define the pixel
area at a crossing of the gate line and the data line;

apixel electrode to receive a data voltage corresponding to
an image of the pixel area, the pixel electrode being
disposed in the pixel area; and

a common electrode to receive a common voltage, the
common electrode being disposed on the second sub-
strate,

wherein the pixel electrode overlaps at least one of the gate
line and the data line, and

wherein a frame frequency of the image is about 120 Hz.
23. The apparatus of claim 22, further comprising:
a first domain divider arranged at the pixel electrode; and

asecond domain divider arranged at the common electrode
and spaced apart from the first domain divider, the first
domain divider and the second domain divider dividing
the pixel area into a plurality of domains,

wherein the pixel electrode comprises a first pixel electrode
and a second pixel electrode having a smaller area than
the first pixel electrode, wherein the first pixel electrode
overlaps atleast one of the gate line and the data line, and
wherein a first data voltage and a second data voltage,
which are different from each other, are applied to the
first pixel electrode and the second pixel electrode,
respectively.

24. The apparatus of in claim 22, wherein the pixel area

does not have any storage capacitors.

* ok ok k¥
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