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A display panel is provided. The display panel includes a
substrate and a pixel electrode disposed on the substrate and
having a pair of first primary edges facing each other and a
pair of second primary edges connected to the first primary
edges and facing each other, wherein the second primary
edges include a plurality of protrusions of the pixel electrode
having the shape of sawteeth.
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DISPLAY PANEL AND LIQUID CRYSTAL DISPLAY
APPARATUS INCLUDING THE SAME

[0001] This application claims priority to Korean Patent
Applications No. 2005-0028590, filed on Apr. 6, 2005 and
No. 2005-75768, filed on Aug. 18, 2005, the disclosures of
which are hereby incorporated by reference herein in their
entireties

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) is one of the more
widely used flat panel display apparatuses. An LCD includes
e.g., two panels having electric field generating electrodes
such as pixel electrodes and a common electrode, a liquid
crystal layer interposed between the two panels, and polar-
izers disposed on outer surfaces of the panels. The liquid
crystal display apparatus displays an image by applying a
voltage to the electric field generating electrodes to generate
an electric field in the liquid crystal layer which in turn
controls the alignment of liquid crystal molecules in the
liquid crystal layer to control polarization of incident light.

[0006] An example of a type of a liquid crystal display
apparatus is the vertically aligned mode liquid crystal dis-
play apparatus in which liquid crystal molecules are
arranged such that major axes of the liquid crystal molecules
are perpendicular to the panels in the state that no electric
field is generated. The vertically aligned mode liquid crystal
display apparatus has a high contrast ratio and it can readily
provide a wide reference viewing angle.

[0007] To implement the wide viewing angle in the ver-
tically aligned mode liquid crystal display apparatus, a
method of forming cutout portions in electric field generat-
ing electrodes and a method for forming protrusions on the
electric field generating electrodes has been proposed. Since
the cutout portions and the protrusions can control the tilted
directions of liquid crystal molecules, the tilted directions of
the liquid crystal molecules can be distributed into various
directions by varying the cutout portions and the protru-
sions, to thereby obtain a wide reference viewing angle.

[0008] Moreover, for the purposes of light efficiency, it is
desirable that the tilted direction of the liquid crystal mol-
ecules have an angle of 45° with respect to the polarization
direction of the polarizers. In addition with the vertically
aligned mode liquid crystal display apparatus, the polarizers
are attached so that the polarization directions of the polar-
izers are parallel or perpendicular to the gate lines or the data
lines. Therefore, the cutout portions or the protrusions are
disposed to extend in a direction with an angle of 45° with
respect to the gate lines or the data lines.

[0009] However, in the situation where the pixel elec-
trodes of the vertically aligned mode liquid display appara-
tus have the shape of a rectangle and are parallel to the gate
lines and the data lines, the alignment of the liquid crystal
molecules is disturbed due to an electric field generated
between the adjacent pixel electrodes, so that a phenomenon
known as texture may occur. Consequently, as a result of the
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above mentioned texture, the transmittance of the liquid
crystal display apparatus may be reduced.

[0010] In an attempt to reduce texture, a method of over-
lapping a portion of a cutout portion of the common elec-
trode with a side of the pixel electrode has been proposed.
However, even with above proposed method, the aperture
ratio of the liquid crystal display apparatus may still be
reduced.

[0011] Thus, there is a need for a display panel which is
capable of increasing the aperture ratio and the transmittance
of a liquid crystal display apparatus and for a liquid crystal
display apparatus including the display panel.

SUMMARY OF THE INVENTION

[0012] According to an exemplary embodiment of the
present invention, a display panel is provided. The display
panel comprises a substrate and a pixel electrode. The pixel
electrode is disposed on the substrate and has a pair of first
primary edges facing each other and a pair of second
primary edges connected to the first primary edges and
which face each other. Moreover, the second primary edges
include a plurality of protrusions of the pixel electrode
having the shape of sawteeth.

[0013] According to another exemplary embodiment of
the present invention, a display panel is provided. The
display panel comprises a substrate, a plurality of gate lines
disposed on the substrate, a plurality of data lines perpen-
dicular to the gate lines, a plurality of thin film transistors
connected to the gate lines and the data lines. The display
panel further includes a plurality of pixel electrodes con-
nected to the thin film transistors. Each of the pixel elec-
trodes comprises: a pair of first primary edges parallel to the
gate line and facing each other,and a pair of second primary
edges connected to the first primary edges and which face
each other and include protrusions having a shape of saw-
teeth.

[0014] In the above exemplary embodiments of the
present invention, the pixel electrode may include a plurality
of cutout portions which have a slanted angle with respect to
the first primary edges.

[0015] In addition, the protrusion may include a first edge
which has an angle of about 135° or more or about 45° or
less with respect to the cutout portions.

[0016] In addition, the protrusion may further include a
second edge which is parallel to the cutout portions.

[0017] In addition, the second edge may be located on an
extension line of an edge of the cutout portion.

[0018] In addition, an envelope of the protrusions and the
first primary edges may constitute a rectangle.

[0019] In addition, at least one of corners of the rectangle
may be a chamfered slanted edge.

[0020] In addition, the chamfered slanted edge of the
rectangle may have an angle of about 45° with respect to the
first primary edges.

[0021] In addition, the protrusions may overlap the data
lines.
[0022] In addition, the protrusions of the adjacent second

primary edges of the adjacent pixel electrodes may be
disposed to be engaged with each other.
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[0023] In addition, the facing edges of the protrusions
which are disposed to be engaged with each other may be
parallel to each other.

[0024] According to another exemplary embodiment of
the present invention, a liquid crystal display apparatus is
provided. The liquid crystal display apparatus comprises: a
plurality of pixel electrodes, a common electrode facing the
pixel electrodes, and a liquid crystal layer interposed
between the pixel electrodes and the common electrode,.
The liquid crystal display apparatus further comprises a first
and a second partition member dividing each of the pixel
electrodes into a plurality of sub areas, wherein each of the
sub areas includes a pair of primary edges and a plurality of
secondary edges connected thereto. In addition, the primary
edges of the two sub areas included in the pixel electrodes
are disposed to deviate from each other.

[0025] In the above exemplary embodiments of the
present invention, the primary edges have a slanted angle
with respect to the first and second partition members.

[0026] In addition, at least one of the secondary edges of
each of the sub areas may have an angle of about 135° or
more with respect to the primary edges.

[0027] In addition, the primary edges of each of the sub
areas may include a first primary edge and a second primary
edge which is shorter than the first primary edge, and the first
primary edge may be constructed by combining an edge of
the first or second partition members with a portion of a side
of the pixel electrode.

[0028] In addition, the second primary edge of each of the
sub areas may be constructed with an edge of the second
partition member or with a corner of the pixel electrode.

[0029] In addition, the first partition member may be
disposed in each of the pixel electrodes, and the second
partition member may be disposed in the common electrode.

[0030] In addition, a portion of sides of the pixel electrode
may constitute the secondary edge of each of the sub areas,
and the second partition member may be disposed not to
overlap a portion of the sides of the pixel electrode which
constitute the secondary edge of each of the sub areas.

[0031] In addition, the first and second partition members
may include cutout portions.

[0032] In addition, the common electrode may include
connection cutout portions which face gaps between adja-
cent pixel electrodes. In addition, the connection cutout
portions may connect adjacent second partition members.

[0033] In addition, the connection cutout portions may
have an obtuse angle with respect to the second partition
members. In addition, widths of the connection cutout
portions may be larger than those of the gaps.

[0034] In addition, the first and second partition members
may be parallel to each other.

[0035] 1In addition, the connection cutout portions may be
parallel to the secondary edges of the sub areas.

[0036] In addition, the width of the connection cutout
portions may be larger by about 8 pm than those of the gaps.

[0037] In addition, the liquid crystal display apparatus
may further comprise data lines which overlap the secondary
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edges of the sub areas. In addition, the connection cutout
portions may face the data lines.

[0038] In addition, the liquid crystal display apparatus
may further comprise a light blocking member which faces
the data lines.

[0039] In addition, a width of the light blocking member
may be equal to that of each of the data lines.

[0040] Inaddition, a portion of the secondary edges of the
sub areas may be disposed not to overlap the data lines, and
the light blocking member may further include an expansion
portion which covers the portion of the secondary edges of
the sub areas which is disposed not to overlap the data lines.

[0041] In addition, each of the pixel electrodes may
include at least two sub pixel electrodes which are physi-
cally separated from each other by a portion of the second
partition members.

[0042] In addition, voltages of at least the two sub pixel
electrodes may be different from each other.

[0043] In addition, at least the two sub pixel electrodes
may be capacitively coupled.

[0044] In addition, the sub pixel electrodes may be con-
nected to thin film transistors.

[0045] In addition, the sub pixel electrodes of one pixel
electrode may be connected to different data lines, and the
sub pixel electrodes of one pixel electrode may be connected
to the same gate line.

[0046] In addition, the sub pixel electrodes of one pixel
electrode may be connected to different gate lines, and the
sub pixel electrodes of one pixel electrode may be connected
to the same data line.

[0047] According to another exemplary embodiment of
the present invention, a liquid crystal display apparatus is
provided. The liquid crystal display apparatus comprises a
first and a second substrate facing each other, a plurality of
pixel electrodes disposed on the first substrate and a com-
mon electrode disposed on the second substrate. The liquid
crystal display apparatus further includes a liquid crystal
layer interposed between the first and second substrates. The
common electrode includes first cutout portions facing gaps
between the adjacent pixel electrodes.

[0048] In addition, the common electrode may include
second cutout portions facing the pixel electrodes. In addi-
tion, the first cutout portions may connect the adjacent
second cutout portions.

[0049] In addition, the first cutout portions may have an
obtuse angle with respect to the second cutout portions. In
addition, widths of the first cutout portions may be larger
than those of the gaps.

[0050] In addition, the widths of the first cutout portions
may be larger by about 8 um than those of the gaps.

[0051] In addition, the pixel electrode may include third
cutout portion which are disposed with the first cutout
portions. In addition, the first and third cutout portions may
be parallel to each other.

[0052] Inaddition, a portion of a boundary line of the pixel
electrode may be parallel to a boundary line of the first
cutout portion.
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[0053] In addition, the first substrate may comprise: gate
and data lines which are insulated from the first substrate and
interest each other, thin film transistors which are connected
1o the gate and data lines, and pixel electrodes which are
connected to the thin film transistors.

[0054] In addition, the gate lines may have an angle of
about 45° with respect to the first cutout portions. In
addition, the boundary line of the pixel electrode may
overlap a portion of the data line.

[0055] In addition, the first cutout portions may face the
data lines. In addition, one end of the second cutout portion
may be formed to open.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0057] FIG. 1 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0058] FIG. 2 is a view showing a layout of a thin film
transistor panel for the liquid crystal display apparatus of
FIG. 1;

[0059] FIG. 3 is a view showing a layout of a common
electrode panel for the liquid crystal display apparatus of
FIG. 1;

[0060] FIG. 4 is a cross sectional view showing the liquid
crystal display apparatus taken along line IV-1V of FIG. 1,

[0061] FIG. 5 is a view showing a layout of a common
electrode and a pixel electrode of FIG. 1,

[0062] FIG. 6 is an enlarged view showing a portion
between adjacent pixel electrodes of FIG. 1;

[0063] FIG. 7 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0064] FIG. 8 is a view showing a layout of a thin film
transistor panel for the liquid crystal display apparatus of
FIG. 7;

[0065] FIG. 9 is a view showing a layout of a common
electrode panel for the liquid crystal display apparatus of
FIG. 7,

[0066] FIG. 10 is a cross sectional view showing the
liquid crystal display apparatus taken along line X-X of
FIG. 7,

[0067] FIG. 11 is a cross sectional view taken along line
XI-XI of FIG. 6;

[0068] FIG. 12 is a cross sectional view taken along line
XII-X1I of FIG. 7,

[0069] FIG. 13 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0070] FIG. 14 is a cross sectional view showing the
liquid crystal display apparatus taken along line XIV-XIV of
FIG. 13,
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[0071] FIG. 15 is a cross sectional view showing a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention, which is taken along line
IV-IV of FIG. 1;

[0072] FIG. 16 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0073] FIG. 17 is a view showing a layout of a thin film
transistor panel for the liquid crystal display apparatus of
FIG. 16;

[0074] FIG. 18 is a view showing a layout of a common
electrode panel for the liquid crystal display apparatus of
FIG. 16;

[0075] FIG. 19 is a cross sectional view showing the
liquid crystal display apparatus taken along line XIX-XIX of
FIG. 16;

[0076] FIG. 20 is a cross sectional view showing the
liquid crystal display apparatus taken along line XX-XX of
FIG. 16;

[0077] FIG. 21 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0078] FIG. 22 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXII-XXII
of FIG. 21;

[0079] FIG. 23 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXIII-
XXIII of FIG. 21;

[0080] FIG. 24 is a schematic equivalent circuit diagram
of a pixel of the liquid crystal display apparatus shown in
FIG. 21.

[0081] FIG. 25 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention.

[0082] FIG. 26 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXVI-
XXVI of FIG. 25.

[0083] FIG. 27 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXVII-
XXVII of FIG. 25;

[0084] FIG. 28 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention;

[0085] FIG. 29 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXIX-
XXIX of FIG. 28; and

[0086] FIG. 30 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXI-XXX
of FIG. 28.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0087] Hereinafter, exemplary embodiments of the present
mnvention will be described in detail with reference to the
attached drawings such that the present invention can be
easily put into practice by those skilled in the art. However,
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the present invention may be implemented in various
aspects. The present invention is not limited to the exem-
plary embodiments described hereinafter.

[0088] Now, a liquid crystal display apparatus according
10 an exemplary embodiment of the present invention will be
described in detail with reference to FIGS. 1 to 6.

[0089] FIG. 1 is a view showing a layout of a liquid
crystal display apparatus according to an exemplary embodi-
ment of the present invention. FIG. 2 is a view showing a
layout of a thin film transistor panel for the liquid crystal
display apparatus of FIG. 1. FIG. 3 is a view showing a
layout of a common electrode panel for the liquid crystal
display apparatus of FIG. 1. FIG. 4 is a cross sectional view
showing the liquid crystal display apparatus taken along line
IV-IV of FIG. 1. FIG. 5 is a view showing a layout of a
common electrode and a pixel electrode of FIG. 1. FIG. 6
is an enlarged view showing a portion between adjacent
pixel electrodes of FIG. 1.

[0090] The liquid crystal display apparatus includes a thin
film transistor panel 100 and a common electrode panel 200
which face each other and a liquid crystal layer 300 inter-
posed between the panels 100 and 200.

[0091] Firstly, the thin film transistor panel 100 will be
described in detail with reference to FIGS. 1, 2, and 4.

[0092] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are disposed on an insulating
substrate 110 made of a transparent glass or a plastic
material.

[0093] The gate lines 121 transmitting gate signals mainly
extend in the transverse direction. The gate lines 121 include
a plurality of gate electrodes 124 which protrude upwardly
and downwardly and end portions 129 which have wide
areas for connection to other layers or external driver
circuits. A gate driver circuit which generates the gate
signals may be mounted on a flexible printed circuit film
attached on the substrate 110. Alternatively, the gate driver
circuit may be directly mounted on the substrate 110.
Otherwise, the gate driver circuit may be integrated in the
substrate 110. In the case where the gate driver circuit is
integrated in the substrate 110, the gate lines 121 are
extended to be directly connected to the gate driver circuit.

[0094] The storage electrode lines 131 which are applied
with predetermined voltages include stem lines which
extend substantially in parallel to the gate lines 121, a
plurality of storage electrode sets of first, second, third, and
fourth storage electrodes 133a, 1335, 133¢, and 1334, and a
plurality of connection portions 133e. Each of the storage
electrode lines 131 is disposed between adjacent two gate
lines 121, and the stem line thereof is closer to the upper one
of the two gate lines 121.

[0095] The first and second storage electrodes 133a and
1335 extend in the longitudinal direction to face each other.
The first storage electrode 133a includes a fixed end con-
nected to the stem line and a free end opposite to the fixed
end, and the free end includes a protrusion. The third and
fourth storage electrodes 133¢ and 1334 extend in slanted
directions from substantially about the central portion of the
first storage electrode 133a to the upper and lower ends of
the second storage electrode 1335, respectively. The con-
nection portions 133e are connected between adjacent stor-
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age electrode sets 133a-133d. However, various shapes and
arrangement may be used for the storage electrode lines 131.

[0096] The gate lines 121 and the storage electrode lines
131 may be made of an aluminum-based metal such as for
example, aluminum (Al) and an aluminum alloy, a silver-
based metal such as silver (Ag) and a silver alloy, a copper-
based metal such as copper (Cu) and a copper alloy, a
molybdenum-based metal such as molybdenum (Mo) and a
molybdenum alloy, chromium (Cr), tantalum (Ta) or tita-
nium (Ti). However, the gate lines 121 and the storage
electrode lines 131 may have a multi-layered structure
including two conductive layers having different physical
properties. One of the two conductive layers is made of a
metal having a low resistivity, for example, an aluminum
based metal, a silver based metal, and a copper based metal,
to reduce signal delay or voltage drop of the gate lines 121
and the storage electrode lines 131. The other conductive
layers are made of a material having a good contactness to
other materials, particularly, ITO (indium tin oxide) and [ZO
(indium zinc oxide) such as, for example, a molybdenum
based metal, chromium, titanium, and tantalum. An example
of a combination in accordance with the exemplary embodi-
ments is a combination of a lower chromium layer and an
upper aluminum layer and a combination of a lower alumi-
num layer and an upper molybdenum layer. However, the
gate lines 121 and the storage electrode lines 131 may be
made of various metals and conductive materials.

[0097] Side surfaces of the gate lines 121 and the storage
electrode lines 131 are slanted with respect to a surface of
the substrate 110, and the slanted angle is in a range of about
30° to about 80°.

[0098] A gate insulating layer 140 made of a silicon nitride
SiN,, or the like is formed on the gate lines 121 and the
storage electrode lines 131.

[0099] A plurality of semiconductor stripes 151 made of a
hydrogenated amorphous silicon (abbreviated to a-Si) or
polysilicon are formed on the gate insulating film 140. The
semiconductor stripes 151 mainly extend in the longitudinal
direction and include a plurality of protrusions 154 which
extend toward the gate electrodes 124. In addition, widths of
the semiconductor stripes 151 are enlarged at regions near
the gate lines 121 and the storage electrode lines 131 to
cover wide areas thereof.

[0100] A plurality of line-shaped and island-shaped ohmic
contacts 161 and 165 are formed on semiconductor stripes
151. The ohmic contacts 161 and 165 may be made of made
of silicide or an n+ hydrogenated amorphous silicon which
is heavily doped with n-type impurities such as phosphorus
(P). The line-shaped ohmic contacts 161 include a plurality
of the protrusions 163. Each pair of the protrusion 163 and
the island-shaped ohmic contact 165 is disposed on the
protrusion 154 of the semiconductor stripe 151.

[0101] Side surfaces of the semiconductor stripes 151 and
the ohmic contacts 161 and 165 are also slanted with respect
to the surface of the substrate 100, and the slanted angle is
in a range of about 30° to about 80°.

[0102] A plurality of data lines 171, a plurality of drain
electrodes 175, and a plurality of isolated metal pieces 178
are formed on the ohmic contacts 161 and 165 and the gate
insulating film 140.
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[0103] The data lines 171 transmitting data signals mainly
extend in the longitudinal direction to intersect the gate lines
121 and the stem lines and the connection portions 133e of
the storage electrode lines 131. The data lines 171 include a
plurality of C-shaped source electrodes 173 which protrude
toward the gate electrodes 124 and end portions 179 which
have wide areas for connection to other layers or external
driver circuits. A data driver circuit which generates the data
signals may be mounted on a flexible printed circuit film
attached on the substrate 110. Alternatively, the data driver
circuit may be directly mounted on the substrate 110.
Otherwise, the data driver circuit may be integrated in the
substrate 110. In the case where the data driver circuit is
integrated in the substrate 110, the data lines 171 are
extended to be directly connected to the data driver circuit.

[0104] The drain electrode 175 is separated from the data
line 171 and faces a source electrode 173 with the gate
electrode 124 interposed therebetween. Each of the drain
electrodes 175 has a wide end portion and a bar-shaped end
portion. The bar-shaped end portion is surrounded by the
source electrode 173.

[0105] One gate electrode 124, one source electrode, and
one drain electrode 175 together with one protrusion 154 of
one semiconductor stripe constitute one thin film transistor
Q1. The channel of the thin film transistor is formed in the
protrusion 154 between the source electrode 173 and the
drain electrode 175.

[0106] The isolated metal piece 178 is disposed on the
gate line 121 at a region near the first storage electrode 133a.

[0107] Also, the data lines 171 and the drain electrodes
175 may be made of, for example, molybdenum (Mo), a
refractory metal such as chromium (Cr), tantalum (Ta), and
titanium (T1), or an alloy thereof. The data lines 171 and the
drain electrodes 175 may have a multi-layered structure
including a refectory metal layer and a low-resistivity con-
ductive layer. An example of the multi-layered structure is a
two-layered structure of a lower chromium or molybdenum
(alloy) layer and an upper aluminum (alloy) layer and a
three-layered structure of a lower molybdenum (alloy) layer/
an intermediate aluminum (alloy) layer/an upper molybde-
num (alloy) layer. However, instead of the aforementioned
materials, the data lines 171, the drain electrodes 175, and
the metal pieces 178 may also be made of various other
metals or conductive materials.

[0108] The side surfaces of the data lines 171, the drain
electrodes 175, and the metal pieces 178 are also slanted
with respect to the surface of the substrate 110 at an angle
ranging from about 30° to about 80°.

[0109] The ohmic contacts 161 and 165 are interposed
only between the underlying semiconductor stripes 151 and
the overlying data lines 171 and the drain electrodes 175 and
reduce contact resistance therebetween. Although the widths
of the semiconductor stripes 151 are smaller than those of
the data lines 171 in most regions, the widths of the portions
where the gate lines 121 and the storage electrode lines 121
intersect each other are enlarged as described above. There-
fore, the profile of surfaces at the intersections is smoothed,
so that the discomnection of the data lines 171 can be
prevented. The semiconductor stripes 151 have exposed
portions uncovered by the data lines 171 and the drain
electrodes 175 such as portions disposed between the source
electrodes 173 and the drain electrodes 175.
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[0110] A protective layer (passivation layer) 180 is formed
on the data line 171, the drain electrode 175, the metal pieces
178, and the exposed portions of the semiconductor stripes
151. The protective layer 180 is made of an inorganic
insulating material or an organic insulating material, and a
surface thereof may be planarized. Examples of the inor-
ganic insulating material are silicon nitride and silicon
oxide. The organic insulating material may be photosensi-
tive, and a dielectric constant thereof is preferably about 4.0
or less. Alternatively, the protective layer 180 may have a
double-layer structure of a lower inorganic layer and an
upper organic layer to maintain desired insulating properties
for the organic layer and protect the exposed portions of the
semiconductor stripes 151.

[0111] A plurality of contact holes 182 and 185 which
expose end portions of the data lines 171 and the drain
electrodes 175, respectively, are formed on the protective
layer 180. A plurality of contact holes 181 which expose end
portions of the gate lines 121, a plurality of contact holes
183a which expose the protrusions of the free ends of the
first storage electrodes 133a, and a plurality of contact holes
1835 which expose portions of the storage electrode lines at
regions near the fixed ends of the first storage electrodes
133a are formed on the protective layer 180 and the gate
insulating layer 140.

[0112] A plurality of pixel electrodes 191, a plurality of
overpasses 83, and a plurality of contact assistants 81 and 82
are formed on the protective layer 180. The components may
be made of, for example, a transparent conducive material
such as ITO and IZO or a reflective metal such as aluminum
(Al), silver (Ag), chromium (Cr), and an alloy thereof.

[0113] The pixel electrode 191 is physically and electri-
cally connected to the drain electrode 175 through the
contact hole 185 and receives a data voltage applied by the
drain electrode 175. The pixel electrode 191 applied with the
data voltage together with a common electrode 270 which is
disposed in the common electrode panel 200 and applied
with a common voltage generates an electric field. The
electric field determines alignment of liquid crystal mol-
ecules 31 in the liquid crystal layer 31 between the two
electrodes 191 and 270.

[0114] According to the determined alignment of the lig-
uid crystal molecules 31, polarization of the light passing
through the liquid crystal layer 3 changes. The pixel elec-
trode 191 and the common electrode 270 constitutes a
capacitor (hereinafter, referred to as a liquid crystal capaci-
tor) which sustains the applied voltage after the thin film
transistor turns off.

[0115] The pixel electrodes 191 overlap the storage elec-
trodes 133a to 1334 and the storage electrode lines 131. The
capacitors constructed by overlapping the pixel electrodes
191 and the drain electrodes electrically connected thereto
with the storage electrode lines 131 are called storage
capacitors. The storage capacitors increase the voltage stor-
age capacity of the liquid crystal capacitors.

[0116] A central cutout portion 91, a lower cutout portion
924, and an upper cutout portion 924 are formed on the pixel
electrode 191. Therefore, the pixel electrode 191 is divided
into a plurality of partitions by the cutout portions 91, 914,
and 915. The cutout portions 91, 92a, and 92b have an
inversion symmetry with respect to a virtual transverse
central line bisecting the pixel electrode 191.
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[0117] The lower and upper cutout portions 92a and 925
extend substantially in the slanted directions from the right
side to the left side of the pixel electrode 191 and overlap the
fourth and third storage electrodes 1334 and 133¢, respec-
tively. The lower and upper cutout portions 92a and 925 are
disposed in lower and upper half regions of the pixel
electrode 191 with respect to a transverse central line
thereof. The lower and upper cutout portions 92a and 924
extend in perpendicular to each other with slanted angles of
about 45° with respect to the gate line 121.

[0118] The central cutout portion 91 extends along the
transverse central line of the pixel electrode 191 and has an
inlet at the right side of the pixel electrode. The inlet of the
central cutout portion 91 has a pair of upper and lower
slanted edges which are substantially parallel to the lower
and upper cutout portions 92a and 925, respectively.

[0119] Therefore, the lower half region of the pixel elec-
trode 191 is divided into two partitions by the lower cutout
portion 92a, and the upper half region of the pixel electrode
191 is divided into two partitions by the upper cutout portion
925.

[0120] Referring to FIG. 5, the pixel electrode 191 has a
pair of first primary edges 193 and 194 facing each other and
a pair of second primary edges 195 and 196 connected to the
first primary edges 193 and 194. The first primary edges 193
and 194 are substantially parallel to the gate line 121, and the
second primary edges 195 and 196 have inner and outer
envelopes 951, 961, 952, and 962. The inner and outer
envelopes 951, 961, 952, and 962 of the second primary
edges 195 and 196 are substantially perpendicular to the first
primary edges 193 and 194. Left corners of the pixel
electrode 191 is constructed with chamfered slanted edges
193¢ and 194¢, and the chamfered slanted edges 193¢ and
194¢ have a slanted angle of about 45° with respect to the
gate line 121.

[0121] The second primary edges 195 and 196 of the pixel
electrode 191 have a plurality of sawteeth 910 and 920
which protrude from a plurality of longitudinal lines 915 and
916 on the inner envelopes 951 and 961 outwardly. The
sawteeth 910 and 920 are symmetrical with respect to the
transverse central line of the pixel electrode 191.

[0122] Each of the sawteeth 910 (920) has a first slanted
edge 911 (921), a second slanted edge 912 (922), and a top
edge 913 (923) which is disposed on the outer envelop 952
(962) to connect the first and second slanted edges. The first
slanted edge 911 (912) has an obtuse angle of about 135° or
more with respect to the longitudinal line 915 (925), and the
second edge 912 (922) has an angle of about 45° with
respect to the longitudinal line 915 (925). The extension
lines of the first and second slanted edges 911 (912) and 912
(922) intersect each other with an acute angle of about 45°
or less. In addition, the second edges 912 and 922 are
substantially parallel to the lower and upper cutout portions
92a and 92b and located on the extension lines of the cutout
portions 92a and 924, respectively. The first edges 911 and
921 have an angle of about 45° or less or about 135° or more
with respect to the lower and upper cutout portions 92« and
92b.

[0123] The upper portions of the sawteeth 910 and 920,
that is, portions near the top edges 913 and 923 thereof
overlap the data line 171. The sawteeth 920 of the right edge

Oct. 12, 2006

196 of the pixel electrode 191 which are located at the left
of the data line 171 are engaged with the sawteeth 910 of the
pixel electrode 191 which are located at the left of the data
line 171. In addition, the facing edges of the engaged
sawteeth 910 and 920 are parallel to each other.

[0124] The number of the sawteeth 910 and 920 are in
close relation to the number of the partitions of the pixel
electrode 191 divided by the cutout portions 91, 924, and
924 or the number of the cutout portions 91, 92a, and 925.
The number of the partitions of the pixel electrode 191 and
the number of the sawteeth 910 and 920 may vary according
to design factors such as a size of the pixel electrode 191, the
ratio of lengths of the transverse and longitudinal sides of the
pixel electrode 191, and the types or characteristics of the
liquid crystal layer 3.

[0125] The overpass 83 is disposed across the gate line
121 and connected to the exposed portion of the storage
electrode line 131 and the exposed end portion of the free
end of the first storage electrode 133a through the contact
holes 1835 and 185 which are located at the opposite
positions with respect to the gate line 121, respectively. The
storage electrodes 133a and 1335 and the storage electrode
line 131 together with the overpasses 83 may be used to
repair defects of the gate lines 121, the data lines 171, and
the thin film transistors.

[0126] The contact assistants 81 and 82 are connected to
the end portion 129 of the gate line 121 and the end portion
179 of the data line 171 through the contact holes 181 and
182, respectively. The contact assistants 81 and 82 compen-
sate for the adhesiveness of the end portions 129 of the gate
line 121 and the end portions 179 of the data lines 171 to
external apparatuses and also protect these portions.

[0127] Now, the common electrode panel 200 will be
described with respect to FIGS. 1, 3, and 4.

[0128] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light blocking member 220 is called a
black matrix and prevents light leakage between the pixel
electrodes 191. The light-blocking member 220 includes a
plurality of opening portions 225 which face the pixel
electrodes 191 and have a shape of a substantial rectangle.
A width W of portions 221 of the light blocking member 220
corresponding to the date lines 171 is substantially the same
as that of the data lines 171. However, the widths may be
defined by taking into consideration alignment error of the
panels 100 and 200. The light blocking member 220
includes enlarged portions 222 which block spaces between
the engaged sawteeth 910 and 920 which protrude outwardly
from the data lines 171. The light blocking member 220 may
include portions corresponding to the thin film transistors.

[0129] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220. Moreover, the color filters 230 extend along rows
of the pixel electrodes 191 in the longitudinal direction.
Each of the color filters 230 can display one of primary
colors such as red, green, and blue.

[0130] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (organic) insulating material. The cover film
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250 prevents the color filters 230 from being exposed and
provides a planarized surface. The cover film 250 may be
omitted.

[0131] A common electrode 270 is formed on the cover
film 250. The common electrode 270 is made of a transpar-
ent conductive material such as ITO and IZO. A plurality of
cutout portion sets of cutout portions 71, 72a, and 72b are
formed on the common electrode 270.

[0132] One cutout portion set 71-72b faces one pixel
electrode 191 and includes a central cutout portion 71, a
lower cutout portion 724, and an upper cutout portion 725.
The cutout portions 71, 72a, and 72b are disposed between
the adjacent cutout portions 91, 924, and 924 of the pixel
electrode 191 or between the cutout portions 92a and 925
and the chamfered edge of the pixel electrode 191.

[0133] Inaddition, each of the cutout portions 71, 724, and
72b extends substantially in parallel to the lower or upper
cutout portion 92a or 926 of the pixel electrode 191 and
include at least one slanted portion. Each of the slanted
portions includes at least one recessed notch 7. The cutout
portions 71, 72a, and 72b have an inversion type of sym-
metry with respect to the transverse central line of the pixel
electrode 191.

[0134] Each of the lower and upper cutout portions 72a
and 724 includes a slanted portion and a transverse portion.
The slanted portion extends substantially from the upper or
lower side to the left side of the pixel electrode 191 to
overlap the longitudinal side of the pixel electrode 191. A
long side facing the slanted portion intersects the first and
second slanted edges 911, 912, 921, and 922 of the protru-
sions of the pixel electrode 191 or extension lines thereof or
is located on the extension lines. The transverse portion
extends from the end of the slanted portion along the
transverse side of the pixel electrode 191 with an obtuse
angle with respect to the slanted portion and overlaps the
transverse side.

[0135] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
transverse portion extends substantially from the left side of
the pixel electrode 191 along the transverse central line of
the pixel electrode 191 in the right direction. A pair of the
slanted portions extend substantially in parallel to the lower
and upper cutout portions 72a and 725 from the end of the
central transverse portion to the right side of the pixel
electrode 191 with an obtuse angle with respect to the central
transverse portion, respectively.

[0136] The number of the cutout portions 71, 72a, and 726
may vary according to the design factors, and the light-
blocking member 220 overlaps the cutout portions 71, 72a,
and 72b to prevent the light leakage in the vicinity of the
cutout portions 71, 724, and 72b. Spacers 320 made of an
insulating material are disposed on the common electrode
panel 200 to maintain a constant interval between the panels
100 and 200.

[0137] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.
Polarizers 12 and 22 are disposed on outer surfaces of the
panels 100 and 200, respectively. The transmission axes of
the polarizers 12 and 22 are perpendicular to each other and,
have an angle, for example of about 45° with respect to the
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slanted cutout portions 92a and 925 and the slanted portions
of the cutout portions 71, 72a, and 724. In the case of a
reflective liquid crystal display apparatus, one of the two
polarizers 12 and 22 may be omitted.

[0138] The liquid crystal display apparatus according to
the present exemplary embodiment may further include a
phase retardation film for compensating for the retardation
of the liquid crystal layer 3. In addition, the liquid crystal
display apparatus may include a backlight unit for supplying
light to the polarizers 12 and 22, the phase retardation film,
the panels 100 and 200, and the liquid crystal layer 3.

[0139] Theliquid crystal layer 3 has a negative anisotropic
permittivity, and the liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned so that the major axes thereof are
perpendicular to the surfaces of the two panels 100 and 200
when no electric field is applied to the liquid crystal mol-
ecules. Consequently, incident light cannot pass through the
perpendicular polarizers 12 and 22 so as to be blocked.

[0140] When the common voltage and the data voltage are
applied to the common electrode 270 and the pixel electrode
191, respectively, a primary electric field is generated in a
direction substantially perpendicular to the surfaces of the
panels 100 and 200. Hereinafter, the pixel electrode 191 and
the common electrodes 270 may be collectively referred to
as electric field generating electrodes. In response to the
electric field, the liquid crystal molecules 31 have a tendency
to change the major axis direction to be perpendicular to the
direction of the electric field.

[0141] Referring to FIGS. 1 and 5, one cutout portion set
71-72b, 91-92b divides the pixel electrode 191 into a plu-
rality of sub areas. Each of the sub areas has two primary
edges which are slanted with respect to the first primary
edges 193 and 194 of the pixel electrode 191 and secondary
edges which are some portions of the edges 193 to 196 of the
pixel electrode 191. One of the primary edges of each sub
area is constructed by combining one edge of the cutout
portions 91, 924, and 925 of the pixel electrode 191 with the
secondary edges 912 and 922 of the sawteeth 910 and 920
or constructed with the chamfered slanted edges 193¢ and
194¢. The other of the primary edges is constructed with a
single edge of the slanted portion of the cutout portions 71,
72a, and 72b of the common electrode 270 or constructed by
combining the slanted portions of the cutout portions 71,
72a, and 726 with the slanted edges 912 and 922 of the
sawteeth 910 and 920. Therefore, the lengths of the primary
edges of the sub areas are different from each other, and the
adjacent primary edges of the adjacent sub areas are dis-
posed to deviate from each other. One of the secondary
edges of the sub areas is the first slanted edge 911 (921) of
each of the sawteeth 910 (920) of the pixel electrode 191 and
has an angle of about 135° or more with respect to the
primary edges. The primary edges have an angle of about
45° with respect to the polarization axes of the polarizers 12
and 22 to maximize light efficiency.

[0142] The primary edges are longer than the secondary
edges, and at least one of the secondary edges has an angle
of about 135° or more wither respect to the primary edges.
Therefore, in the primary electric field on the sub areas, the
horizontal component thereof perpendicular to the primary
edges is much larger than the horizontal component thereof
parallel to the primary edges. As a result, most of the liquid
crystal molecules 31 on the sub areas are tilted in the
directions perpendicular to the primary edges.
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[0143] Since most of the liquid crystal molecules 31 on the
sub areas are tilted in the directions perpendicular to the
primary edges, the tilted directions may roughly include four
directions. Moreover, since the liquid crystal molecules 31
can be adjusted to have various tilted angles, it is possible to
increase the reference viewing angle of the liquid crystal
display apparatus.

[0144] As shown in FIG. 6, secondary electric fields
(lateral fields) E1 and E2 are additionally generated from the
difference between voltages of the pixel electrodes 191.
Directions of the secondary electric fields E1 and E2 are
mainly perpendicular to one of the secondary edges of the
sub areas, that is, the first slanted edge 911 (921) of the
sawteeth 910 (920). Therefore, the directions of the second-
ary electric fields E1 and E2 have an angle of about 5° or less
with respect to the direction of the horizontal component of
the primary electric field. As a result, the secondary electric
fields E1 and E2 between the pixel electrodes 191 have a
tendency to fix the tilted directions of the liquid crystal
molecules 31.

[0145] By providing the sawteeth 910 and 920 having the
slanted edges 911 and 922 having an angle of about 135° or
more with respect to the cutout portions 91, 924, 925, 71,
72a, and 725 to the transverse sides of the pixel electrode
191, the direction of the horizontal component of the pri-
mary electric field and the secondary electric field in the
vicinities of the longitudinal sides 195 and 196 of the pixel
electrode 191 are allowed to be substantially equal to the
direction of the horizontal component of the primary electric
field in the vicinities of the sub areas. Also, by shortening the
distance between the pixel electrodes 191, the strength of the
secondary electric field is allowed to increase. As a result,
the tilted direction of the liquid crystal molecules 31 located
in the vicinities of the sawteeth 910 and 920 of the pixel
electrode 191 are allowed to be substantially equal to the
tilted direction of the liquid crystal molecules 31 located at
the centers of the sub areas, so that the vicinities of the
sawteeth 910 and 920 can be used as an effective display
region.

[0146] The addition of the sawteeth 910 and 920, in the
exemplary embodiments of the present invention provides
increased transmittance for the liquid crystal display appa-
ratus. In addition, since with the exemplary embodiments of
the present invention it is not necessary to provide the
portions overlapping the longitudinal sides of the pixel
electrode 191 to the cutout portions 71, 72a, and 725 of the
common electrode 270, the aperture ratio of the liquid
crystal display apparatus can thereby also be increased.

[0147] Further, with the exemplary embodiment of the
present invention, the third and fourth storage electrodes
133¢ and 133d extending in the slanted directions serve as
control electrodes for controlling the liquid crystal mol-
ecules located the aforementioned portions, so that texture
which may occur at the central portions of the slanted cutout
portions 92a and 924 can be reduced.

[0148] The widths of the cutout portions 71, 724, 725, 91,
924, and 925 may be in a range of, for example, from about
9 um to about 12 pum.

[0149] The notches of the cutout portions 71, 72a, and 726
of the common electrode 270 control the tilted direction of
the liquid crystal molecules 31 located above the cutout
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portions 71, 72a, and 72b. Such notches 7 may be formed in
the cutout portions 91, 92a, and 925 of the pixel electrode
191.

[0150] The shapes and arrangements of the cutout portions
71, 72a, 725, 91, 92a, and 926 and the notches thereof may
be modified in various manners.

[0151] At least one of the cutout portions 71, 72a, 7256, 91,
92q¢, and 926 may be replaced with a protrusion or a
depression. The protrusions may be made of an organic or
inorganic material and disposed above or under the electric
field generating electrodes 191 and 270.

[0152] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 7 to 10.

[0153] FIG. 7 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 8 is a view
showing a layout of a thin film transistor panel for the liquid
crystal display apparatus of FIG. 7. FIG. 9 is a view
showing a layout of a common electrode panel for the liquid
crystal display apparatus of FIG. 7. FIG. 10 is a cross
sectional view showing the liquid crystal display apparatus
taken along line X-X of FIG. 7.

[0154] Referring to FIGS. 7 to 10, the liquid crystal
display apparatus includes a thin film transistor panel 100
and a common electrode panel 200 which face each other
and a liquid crystal layer 300 interposed between the panels
100 and 200.

[0155] Firstly, the thin film transistor panel 100 will be
described in detail with reference to FIGS. 7, 8, and 10.

[0156] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are disposed on an insulating
substrate 110 made of a transparent glass or a plastic
material.

[0157] The gate lines 121 transmitting gate signals mainly
extend in the transverse direction. The gate lines 121 include
a plurality of gate electrodes 124 which protrude upwardly
and end portions 129 which have wide areas for connection
to other layers or external driver circuits. The storage
electrode lines 131 which are applied with predetermined
voltages extend substantially parallel to the gate lines 121.
Each of the storage electrode lines 131 is disposed between
adjacent two gate lines 121 and separated by substantially
the same distance from the two gate lines 121. The storage
electrode lines 131 include storage electrodes 137 which are
enlarged upwardly and downwardly. However, various
shapes and arrangement may be used for the storage elec-
trode lines 131.

[0158] Side surfaces of the gate lines 121 and the storage
electrode lines 131 are slanted with respect to a surface of
the substrate 110, at an angle in the range of about 30° to
about 80°.

[0159] A gate insulating layer 140 made of a silicon nitride
SiN,, or the like is formed on the gate lines 121 and the
storage electrode lines 131.

[0160] A plurality of island-shaped semiconductor mem-
bers 154 made of a hydrogenated amorphous silicon or
polysilicon are formed on the gate insulating film 140. The
semiconductor members 154 are disposed on the gate elec-
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trodes 124 and include expansion portions covering bound-
aries of the gate lines 121. A plurality of island-shaped
ohmic contacts 163 and 165 are formed on semiconductor
members 154. The ohmic contacts 163 and 165 may be made
of made of'silicide or an n+ hydrogenated amorphous silicon
which is heavily doped with n-type impurities such as
phosphorus (P). A pair of the ohmic contacts 163 and 165 are
disposed on the semiconductor member 154.

[0161] Side surfaces of the semiconductor members 154
and the ohmic contacts 163 and 165 are also slanted with
respect to the surface of the substrate 100, and the slanted
angle is in a range of about 30° to about 80°.

[0162] A plurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the ohmic contacts 163 and
165 and the gate insulating film 140.

[0163] The data lines 171 transmitting data signals mainly
extend in the longitudinal direction to intersect the gate lines
121 and the storage electrode lines 131. The data lines 171
include a plurality of source electrodes 173 which protrude
toward the gate electrodes 124 and end portions 179 which
have wide areas for connection to other layers or external
driver circuits. The drain electrode 175 is separated from the
data line 171 and faces a source electrode 173 with respect
to the gate electrode 124 interposed therebetween. Each of
the drain electrodes 175 has a wide end portion and a
bar-shaped end portion. The bar-shaped end portion is
partially surrounded by the U-shaped source electrode 173.

[0164] Forexample, side surfaces of the data lines 171 and
the drain electrodes 175 may also be slanted with respect to
the surface of the substrate 110 at an angle ranging from
about 30° to about 80°.

[0165] The ohmic contacts 163 and 165 are interposed
only between the underlying semiconductor members 154
and the overlying data lines 171 and the drain electrodes 175
and reduce contact resistance therebetween.

[0166] A protective layer (passivation layer) 180 is formed
onthe data line 171, the drain electrode 175, and the exposed
portions of the semiconductor members 154. The protective
layer 180 is made of an inorganic insulating material or an
organic insulating material, and a surface thereof may be
planarized.

[0167] A plurality of contact holes 182 and 185 which
expose end portions of the data lines 171 and the drain
electrodes 175, respectively, are formed on the protective
layer 180. A plurality of contact holes 181 which expose end
portions 129 of the gate lines 121 are formed on the
protective layer 180 and the gate insulating layer 140.

[0168] A plurality of pixel electrodes 191 and a plurality
of contact assistants 81 and 82 are formed on the protective
layer 180. The components may be made of a transparent
conducive material such as, for example, ITO and IZO or a
reflective metal such as, for example, aluminum (Al), silver
(Ag), chromium (Cr), and an alloy thereof.

[0169] The pixel electrode 191 is physically and electri-
cally connected to the drain electrode 175 through the
contact hole 185 and receives a data voltage applied by the
drain electrode 175. The pixel electrodes 191 overlap the
storage electrodes 137 and the storage electrode lines 131.

[0170] The pixel electrode 191 has a pair of first primary
edges 193 and 194 facing each other and second primary
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edges which are connected to the first primary edges 193 and
194 and include a plurality of sawteeth 90 and lower edges
90¢ connecting the sawteeth 90. Each of the sawteeth 90
includes first and second slanted edges 904 and 904 which
are slanted with respect to the first primary edges 193 and
194 and an upper edge 905. The first primary edges 193 and
194 are parallel to the gate lines 121. The first primary edges
193 and 194 and the second primary edges constitute an
approximate rectangle. The pixel electrode 191 has the four
chamfered corners which has an angle of about 45° with
respect to the gate lines 121.

[0171] The first slanted edge 90a partially overlaps the
data line 171. The first slanted edges 90a of the adjacent two
pixel electrodes 191 are disposed to face each other in
parallel to each other.

[0172] First and second central cutout portions 91 and 92,
lower slanted cutout portions 93a, 94a, and 954, and upper
slanted cutout portions 935, 945, and 955 are formed on the
pixel electrode 191. Therefore, the pixel electrode 191 is
divided into a plurality of sub areas by the cutout portions 91
to 95b. The cutout portions 91 to 95b have an inversion
symmetry with respect to the storage electrode line 131. The
lower slanted cutout portions 93¢, 944, and 95a and the
upper slanted cutout portions 935, 945, and 95b extend
substantially in the slanted directions from the right side to
the left, upper, or lower side of the pixel electrode 191. The
lower slanted cutout portions 93¢, 944, and 95a and the
upper slanted cutout portions 935, 945, and 955 are disposed
in lower and upper half regions of the pixel electrode 191
with respect to the storage electrode line 131. The lower
slanted cutout portions 934, 94a, and 95z and the upper
slanted cutout portions 935, 945, and 955 extend in perpen-
dicular to each other with slanted angles of about 45° with
respect to the gate line 121. Each of the lower slanted cutout
portions 93a, 94a, and 95¢ and the upper slanted cutout
portions 935, 945, and 956 has an inlet at the right or left side
of the pixel electrode 191. The inlets may be connected to
the concave portions 90c.

[0173] The first slanted edges 90a of the sawteeth 90 of the
second primary edges have an obtuse angle with respect to
the slanted cutout portions 93a to 954 and 935 to 955, and
the second slanted edges 90d thereof are substantially par-
allel to the slanted cutout portions 934 to 95a and 935 to 955.

[0174] The first central cutout portion 91 extends along the
storage electrode line 131 and has an inlet toward the left
side of the pixel electrode 191. The second central cutout
portion 92 has a shape of polygon of which upper and lower
corners protrude toward the left sides of the pixel electrode
191.

[0175] As a result, the lower half region of the pixel
electrode 191 is divided into four partitions by the lower
slanted cutout portions 93a, 94a, and 954, and the upper half
region thereof is also divided into four partitions by the
upper slanted cutout portions 935, 945, and 955.

[0176] The number of the partitions and the number of the
cutout portions may vary according to design factors such as
a size of the pixel electrode 191, a ratio of lengths of the
transverse and longitudinal sides of the pixel electrode 191,
and types or characteristics of the liquid crystal layer 3.
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[0177] The contact assistants 81 and 82 are connected to
the end portion 129 of the gate line 121 and the end portion
179 of the data line 171 through the contact holes 181 and
182, respectively.

[0178] Now, the common electrode panel 200 will be
described with respect to FIGS. 7, 9, and 10.

[0179] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light blocking member 220 include
line-shaped portions 221 corresponding to the data lines
171, enlarged portions 222 formed by enlarging some por-
tions of the light blocking member 220, and plane-shaped
portions 223 corresponding to the thin film transistors. The
light blocking member 220 prevents light leakage between
the pixel electrodes 191 and defining opening regions facing
the pixel electrodes. However, the light blocking member
220 may further include a plurality of opening portions
facing the pixel electrodes 191 and having substantially the
same shape as the pixel electrodes 191.

[0180] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220. In addition, the color filters 230 extend along rows
of the pixel electrodes 191 in the longitudinal direction.
Each of the color filters 230 can display one of primary
colors such as red, green, and blue.

[0181] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (organic) insulating material. The cover film
250 prevents the color filters 230 from being exposed and
provides a planarized surface. The cover film 250 may be
omitted.

[0182] A common electrode 270 is formed on the cover
film 250. The common electrode 270 is made of a transpar-
ent conductive material such as ITO and 1Z0.

[0183] A plurality of cutout portions 71, 72a, 72, 73a,
73b, T4a, 74b, and 75 are formed on the common electrode
270.

[0184] One cutout portion set 71-75 faces one pixel elec-
trode 191 and includes a central cutout portion 71, first to
third lower slanted cutout portions 72a, 73a, and 74a, first
to third upper slanted cutout portions 724, 73b, and 745, and
a connection portions 75. The cutout portions 71, 72a, 725,
73a, 73b, T4a, and 74b are disposed between the adjacent
cutout portions 91, 92, 93a, 935, 94a, 945, 954, and 95b of
the pixel electrode 191 or between the cutout portions 91,
92, 934a, 935, 944, 94b, 954, and 95 and the chamfered edge
of the pixel electrode 191. In addition, each of the cutout
portions 71, 72a, 72b, 73a, 73b, 74a, and 74b extends
substantially in parallel to the lower cutout portions 93a,
94a, and 95a or upper cutout portions 934, 945, and 956 of
the pixel electrode 191 and include at least one slanted
portion.

[0185] The first lower and upper slanted cutout portions
72a and 725 extend substantially from the right side to the
left side of the pixel electrode 191. The second lower and
upper slanted cutout portions 73a and 73b extend substan-
tially from the right side to the upper and lower left corners
of the pixel electrode 191, respectively. The third lower and
upper slanted cutout portions 74a and 745 extend substan-
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tially from the right side to the lower and upper sides of the
pixel electrode 191, respectively. The third lower and upper
slanted cutout portions 74a and 746 include terminated
transverse portions which extend from the ends of the third
lower and upper slanted cutout portions 74a and 74b to
overlap the lower and upper sides of the pixel electrode 191.
The terminated transverse portions have an obtuse angle
with respect to the slanted cutout portions 74a and 744.

[0186] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
transverse portion extends substantially from the right side
of the pixel electrode 191 along the storage electrode line
131 in the left direction. A pair of the slanted portions extend
substantially in parallel to the lower and upper cutout
portions 72a, 72b, 73a, 73b, T4a, and 745 from the end of
the central transverse portion to the left side of the pixel
electrode 191.

[0187] One end of the one slanted portion of the central
cutout portion 71 and one end of the second lower cutout
portion 73a of the adjacent pixel electrode are connected
with one of the connection portions 75. Additionally, one
end of the other slanted portion of the central cutout portion
71 and one end of the second upper cutout portion 735 of the
adjacent pixel electrode are connected with one of the
connection portions 75. Also, one end of the first lower
slanted cutout portion 72a and one end of the third lower
slanted cutout portion 74 of the adjacent pixel electrode are
connected with one of the connection portions 75. Moreover,
one end of the first upper slanted cutout portion 726 and one
end of the third upper slanted cutout portion 74b of the
adjacent pixel electrode are connected with one of the
connection portions 75. The connection portions 75 are
parallel to the first slanted edges 90a of the pixel electrode
191 and located at portions corresponding to the data line
171. A width of the connection portions 75 is larger by about
8 um than an interval between the adjacent pixels 191. The
enlarged portions 222 of the light blocking member 220 may
have a width larger than the other portions corresponding to
the connection portions 75.

[0188] Thus, by providing the sawteeth to the side of the
pixel electrode 191 adjacent to the data line 171, as
described above in the exemplary embodiment shown in
FIGS. 1 to 4, the secondary electric field generated between
the adjacent pixel electrodes 191 can control the alignment
of the liquid crystal molecules 31 in the sub areas. In
addition, by providing the connection portions 75 at the
positions corresponding to the regions where the first slanted
edges 90q of the adjacent two pixel electrodes 191 face each
other, the alignment of the liquid crystal molecules 31 in the
sub areas can be controlled as well.

[0189] Such effects will be described with reference to
FIGS. 11 and 12.

[0190] FIG. 11 is a cross sectional view taken along line
XI-XI of FIG. 6. FIG. 12 is a cross sectional view taken
along line XII-XII of FIG. 7.

[0191] Referring to FIG. 11, the electric field generated
between the pixel electrodes 191 and the common electrode
270 includes the secondary electric field having a field
direction for interfering with the uniform alignment of the
liquid crystal molecule in the sub areas at the boundaries of
the adjacent pixel electrodes 191. Therefore, in the sub
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areas, the liquid crystal molecules collide with each other, so
that the alignment of the liquid crystal molecules may be
disturbed.

[0192] However, according to the exemplary embodiment
of the present invention, since the connection portions 75 are
provided at the positions corresponding to the regions where
the first slanted edges 90a of the adjacent two pixel elec-
trodes 191 face each other, the direction of the electric field
generated between the common electrode 280 and the pixel
electrodes 191 changes due to the connection portions of the
common electrode 270 as shown in FIG. 12. As a result, the
secondary electric field is generated in such a direction that
the uniform alignment of the liquid crystal molecules 31 in
the sub areas can be controlled. Accordingly, unlike FIG. 11,
the liquid crystal molecules cannot collide with each other,
so that texture can be reduced.

[0193] Furthermore, according to the exemplary embodi-
ment of the present invention, a plurality of convex notches
7 which are periodically disposed with a predetermined
interval may be provided in the cutout portions 71 to 74b.

[0194] The number and directions of the cutout portion 71
to 75 may vary according to design factors.

[0195] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.
Polarizers are disposed on outer surfaces of the panels 100
and 200, respectively. The transmission axes of the polar-
izers are perpendicular to each other, and one of the trans-
mission axes is preferably parallel to the gate lines 121. In
the case of a reflective liquid crystal display apparatus, one
of the two polarizers may be omitted.

[0196] The liquid crystal display apparatus may include a
backlight unit for supplying light to the polarizers, the panels
100 and 200, and the liquid crystal layer 3.

[0197] Theliquid crystal layer 3 has a negative anisotropic
permittivity, and the liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned so that major axes thereof are
perpendicular to the surfaces of the two panels 100 and 200
when no electric field is applied to the liquid crystal mol-
ecules. Therefore, incident light cannot pass through the
perpendicular polarizers so as to be blocked.

[0198] The above-described exemplary embodiments may
be applied to the later-described exemplary embodiments.

[0199] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 13 and
14.

[0200] FIG. 13 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 14 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XIV-XIV of FIG. 13.

[0201] As shown in FIGS. 13 and 14, the liquid crystal
display apparatus includes a thin film transistor panel 100
and a common electrode panel 200 which face each other, a
liquid crystal layer 300 interposed between the panels 100
and 200, and a pair of polarizers 12 and 22 disposed on outer
surfaces of the panels 100 and 200.
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[0202] The layered structures of the panels 100 and 200
according to the present exemplary embodiment are sub-
stantially the same as the layered structures of FIGS. 1 to 4.

[0203] In the thin film transistor panel 100, a plurality of
gate lines 121 and a plurality of storage electrode lines 131
are disposed on a substrate 110. The gate lines 121 include
a plurality of gate electrodes 124 and end portions 129. The
storage electrode lines 131 include a plurality of storage
electrodes 133a to 133d and a plurality of connection
portions 133e. A gate insulating layer 140, a plurality of
semiconductor stripes 151 including protrusions 154, a
plurality of line-shaped ohmic contacts 161 including pro-
trusions 163, and a plurality of island-shaped ohmic contacts
165 are sequentially formed on the gate lines 121 and the
storage electrode lines 131.

[0204] A plurality of data lines 171 including source
electrodes 173 and end portions 179, a plurality of drain
electrodes 175, and a plurality of isolated metal pieces 178
are formed on the ohmic contacts 161 and 165, and a
protective layer 180 is formed thereon. A plurality of contact
holes 181, 182, 183a, 183b, and 185 are formed on the
protective layer 180 and the gate insulating layer 140. A
plurality of pixel electrodes 191 including cutout portions 91
to 924, a plurality of overpasses 83, and a plurality of contact
assistants 81 and 82 are formed on the protective layer 180,
and an alignment layer 11 is formed thereon.

[0205] Inthe common electrode panel 200, a light block-
ing member 220, a plurality of color filters 230, a cover film
250, a common electrode including cutout portions 71 to
72b, and an alignment layer 21 are formed on an insulating
substrate 210.

[0206] Unlike the liquid crystal display apparatus shown
in FIGS. 1 to 4, the semiconductor stripes 151 have planar
shapes which are substantially equal to shapes of the data
lines 171, the drain electrodes 175, and the underlying
ohmic contacts 161 and 165. The semiconductor stripes 151
have exposed portions which do not cover regions between
the source electrodes 173 and the drain electrodes 175, the
data line 171, and the drain electrodes 175.

[0207] In addition, ohmic contacts having planar shapes
which are substantially equal to those of the isolated metal
pieces 178 and island-shaped semiconductor members are
formed under the isolated metal pieces 178.

[0208] In the fabrication of the thin film transistor panel
100, the data lines 171, the drain electrodes 175, the metal
pieces 178, the semiconductor stripes 151, and the ohmic
contacts 161 and 165 are formed by performing a photo etch
process at one time.

[0209] A semiconductor layer, an ohmic contact layer, and
a data metal layer are sequentially deposited on the gate
insulating layer 140, and a photosensitive film having dif-
ferent thickness according to positions thereof are formed.
After that, by using the photosensitive film as an etch mask,
the semiconductor layer, the ohmic contact layer, and the
data metal layer are etched, so that the thin film transistor
panel is fabricated. Here, the photosensitive film having
different thickness according to positions includes first and
second portions, wherein the thickness of the second portion
is smaller than that of the first portion. The first portion is
located in a wire region where the data lines 171, the drain
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electrodes 171, and the metal pieces 1718 are provided. The
second portion is located in a channel region of the thin film
transistor.

[0210] As an example of a method of providing the
photosensitive films of which thicknesses vary according to
positions thereof, there is a method of providing a translu-
cent area in addition to a light transmitting area and a light
blocking area to a photo mask. In the translucent area, a slit
pattern, a lattice pattern, or a thin film of which transmit-
tance or thickness is of an intermediate value is provided. In
the case where the slit pattern is used, it is preferable that a
width of each of the slits or an interval between the slits is
smaller than a resolution of an exposing apparatus used for
the photo process. As another example, there is a method of
using a reflow-able photosensitive film. Namely, by using a
general exposure mask having only the light transmitting
area and the light blocking area, the reflow-able photosen-
sitive film is formed, and after that, a reflow process is
performed to allow the photosensitive material to flow into
a region where the photosensitive film is not provided, so
that a thin photosensitive film can be formed in the region.

[0211] By using the photosensitive film as an etch mask,
a data metal layer, an ohmic contact layer, and a semicon-
ductor layer are sequentially etched to form a shape of data
wire lines roughly. Next, an ashing process is performed on
the photosensitive film to remove a second portion, and by
using a remaining first portion as an etch mask, the exposed
data metal layer and the exposed ohmic contact layer are
etched, so that a channel portion of the thin film transistor is
formed.

[0212] By doing so, the duration of the photo process can
be reduced, so that it is possible to simplify the production
method.

[0213] The liquid crystal display apparatus shown in
FIGS. 13 and 14 may employ the features of the liquid
crystal display apparatuses shown in FIGS. 1 to 12.

[0214] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIG. 15.

[0215] FIG. 15 is a cross sectional view showing the
liquid crystal display apparatus according to another exem-
plary embodiment of the present invention taken along line
IV-IV of FIG. 1.

[0216] As shown in FIG. 15, the liquid crystal display
apparatus includes a thin film transistor panel 100 and a
common electrode panel 200 which face each other, a liquid
crystal layer 300 interposed between the panels 100 and 200,
and a pair of polarizers 12 and 22 disposed on outer surfaces
of the panels 100 and 200.

[0217] The layered structures of the panels 100 and 200
according to the present exemplary embodiment are sub-
stantially the same as the layered structures of FIGS. 1 to 4.

[0218] In the thin film transistor panel 100, a plurality of
gate lines 121 and a plurality of storage electrode lines 131
are disposed on a substrate 110. The gate lines 121 include
a plurality of gate electrodes 124 and end portions 129. The
storage electrode lines 131 include a plurality of storage
electrodes 133a to 133d and a plurality of connection
portions 133e. A gate insulating layer 140, a plurality of
semiconductor stripes 151 including protrusions 154, a
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plurality of line-shaped ohmic contacts 161 including pro-
trusions 163, and a plurality of island-shaped ohmic contacts
165 are sequentially formed on the gate lines 121 and the
storage electrode lines 131. A plurality of data lines 171
including source electrodes 173 and end portions 179, a
plurality of drain electrodes 175, and a plurality of isolated
metal pieces 178 are formed on the ohmic contacts 161 and
165 and a gate insulating layer 140, and a protective layer
180 is formed thereon. A plurality of contact holes 181, 182,
183a, 1835, and 185 are formed on the protective layer 180
and the gate insulating layer 140. A plurality of pixel
electrodes 191 including cutout portions 91 to 924, a plu-
rality of overpasses 83, and a plurality of contact assistants
81 and 82 are formed on the protective layer 180, and an
alignment layer 11 is formed thereon.

[0219] Inthe common electrode panel 200, a light block-
ing member 220, a cover film 250, a common electrode
including cutout portions 71 to 725, and an alignment layer
21 are formed on an insulating substrate 210.

[0220] Unlike the liquid crystal display apparatus shown
in FIGS. 1 to 4, color filters are not provided to the common
electrode panel 200. Rather, a plurality of color filters 230
are formed under the protective layer 180 of the thin film
transistor panel 100.

[0221] The color filters 230 extend along rows of the pixel
electrodes 191 in a shape of stripe in the longitudinal
direction. The boundary between the two color filters 230
matches with the data line 171. However, the color filters
230 may be separated from each other or overlap each other
to prevent light leakage between the pixel electrodes 191,
similar to a light blocking member. Thus, in the case wherein
the color filters 230 overlap each other, the light blocking
member 220 on the common electrode panel 200 may be
omitted.

[0222] Through holes 235 though which the contact holes
185 pass are formed on the color filters 230, and diameters
of the through holes 235 are larger than those of the contact
holes 185. The color filters 230 are not provided to periph-
eral regions where the end portions 129 of the gate lines 121
and the end portions 179 of the data lines 171 are disposed.

[0223] The liquid crystal display apparatus shown in FIG.
15 may employ the features of the liquid crystal display
apparatuses shown in FIGS. 1 to 14.

[0224] For example, the features of the liquid crystal
display apparatus according to the present exemplary
embodiment may be employed by a liquid crystal display
apparatus having a structure where different voltages are
applied to two sub pixel electrodes divided from one pixel
electrode.

[0225] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 16 to 20.

[0226] FIG. 16 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 17 is a view
showing a layout of a thin film transistor panel for the liquid
crystal display apparatus of FIG. 16. FIG. 18 is a view
showing a layout of a common electrode panel for the liquid
crystal display apparatus of FIG. 16. FIG. 19 is a cross
sectional view showing the liquid crystal display apparatus
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taken along line XIX-XIX of FIG. 16. FIG. 20 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XX-XX of FIG. 16.

[0227] The liquid crystal display apparatus includes a thin
film transistor panel 100 and a common electrode panel 200
which face each other and a liquid crystal layer 300 inter-
posed between the panels 100 and 200.

[0228] Firstly, the thin film transistor panel 100 will be
described in detail with reference to FIGS. 16, 17, and 19.

[0229] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are disposed on an insulating
substrate 110 made of a transparent glass or a plastic
material.

[0230] The gate lines 121 transmitting gate signals mainly
extend in the transverse direction. The gate lines 121 include
a plurality of gate electrodes 124 which protrude upwardly
and downwardly and end portions 129 which have wide
areas for connection to other layers or external driver
circuits. The storage electrode lines 131 which are applied
with predetermined voltages include stem lines which
extend substantially in parallel to the gate lines 121, a
plurality of storage electrode sets of first, second, third, and
fourth storage electrodes 1334, 1335, 133¢, and 1334, and a
plurality of connection portions 133e. Each of the storage
electrode lines 131 is disposed between two adjacent gate
lines 121, and the stem line thereof is closer to the upper one
of the two gate lines 121.

[0231] The first and second storage electrodes 133a and
1335 extend in the longitudinal direction to face each other.
The first storage electrode 133« includes a fixed end con-
nected to the stem line and a free end opposite to the fixed
end, and the free end includes a protrusion. The third and
fourth storage electrodes 133¢ and 133d extend in the
slanted directions from the substantially central portion of
the first storage electrode 133a to the upper and lower ends
of the second storage electrode 1335, respectively. The
connection portions 133e¢ are connected between adjacent
storage electrode sets 133a-133d. However, various shapes
and arrangement may be used for the storage electrode lines
131.

[0232] Side surfaces of the gate lines 121 and the storage
electrode lines 131 are slanted with respect to a surface of
the substrate 110, at an angle in a range of about 30° to about
80°.

[0233] A gate insulating layer 140 made of a silicon nitride
SiN, or the like is formed on the gate lines 121 and the
storage electrode lines 131.

[0234] A plurality of semiconductor stripes 151 made of a
hydrogenated amorphous silicon or polysilicon are formed
on the gate insulating film 140. The semiconductor stripes
151 mainly extend in the longitudinal direction and include
a plurality of protrusions 154 which extend toward the gate
electrodes 124. In addition, widths of the semiconductor
stripes 151 are enlarged at regions near the gate lines 121
and the storage electrode lines 131 to cover wide areas
thereof.

[0235] A plurality of line-shaped and island-shaped ohmic
contacts 161 and 165 are formed on semiconductor stripes
151. The ohmic contacts 161 and 165 may be made of made
of silicide or an n+ hydrogenated amorphous silicon which
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is heavily doped with n-type impurities such as phosphorus
(P). The line-shaped ohmic contacts 161 include a plurality
of the protrusions 163. Each pair of the protrusion 163 and
the island-shaped ohmic contact 165 is disposed on the
protrusion 154 of the semiconductor stripe 151.

[0236] Side surfaces of the semiconductor stripes 151 and
the ohmic contacts 161 and 165 are also slanted with respect
to the surface of the substrate 100, at an angle in a range of
about 30° to about 80°.

[0237] A plurality of data lines 171, a plurality of drain
electrodes 175, and a plurality of isolated metal pieces 178
are formed on the ohmic contacts 161 and 165 and the gate
insulating film 140.

[0238] The data lines 171 transmitting data signals mainly
extend in the longitudinal direction to intersect the gate lines
121 and the stem lines and the connection portions 133e of
the storage electrode lines 131. The data lines 171 include a
plurality of C-shaped source electrodes 173 which protrude
toward the gate electrodes 124 and end portions 179 which
have wide areas for connection to other layers or external
driver circuits.

[0239] The drain electrodes 175 are separated from the
data lines 171. The drain electrodes 175 include bar-shaped
portions which face the source electrodes 173 with respect
to the gate electrodes 124 and capacitive coupling electrodes
176 which extend from the bar-shaped portions. The bar-
shaped portions of the drain electrodes 175 are partially
surrounded by the source electrodes 173. The capacitive
coupling electrodes 176 are connected to each other. Each of
the capacitive coupling electrodes 176 has two slanted
portions 176a and 1765 which are parallel to the third and
fourth storage electrodes 133¢ and 1334, respectively.

[0240] The metal pieces 178 are disposed on the gate lines
121 near the first storage electrodes 133a.

[0241] Side surfaces of the data lines 171, the drain
electrodes 175, and the metal pieces 178 may also be slanted
with respect to the surface of the substrate 110 at an angle
ranging from about 30° to about 80°.

[0242] The ohmic contacts 161 and 165 are interposed
only between the underlying semiconductor stripes 151 and
the overlying data lines 171 and the drain electrodes 175 and
have a function of reducing contact resistance therebetween.
Although the widths of the semiconductor stripes 151 are
smaller than those of the data lines 171 in most regions, the
widths of the portions where the gate lines 121 and the
storage electrode lines 121 intersect each other are enlarged
as described above. Therefore, the profile of surfaces at the
intersections is smoothed, so that the disconnection of the
data lines 171 can be prevented. The semiconductor stripes
151 have exposed portions uncovered by the data lines 171
and the drain electrodes 175 in addition to portions disposed
between the source electrodes 173 and the drain electrodes
175.

[0243] A protective layer 180 is formed on the data line
171, the drain electrode 175, the metal pieces 178, and the
exposed portions of the semiconductor stripes 151. The
protective layer 180 is made of an inorganic insulating
material or an organic insulating material, and a surface
thereof may be planarized. A plurality of contact holes 182
and 185 which expose end portions 179 of the data lines 171
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and the drain electrodes 175, respectively, are formed on the
protective layer 180. A plurality of contact holes 181 which
expose end portions 129 of the gate lines 121, a plurality of
contact holes 183a which expose the protrusions of the free
ends of the first storage electrodes 1334, and a plurality of
contact holes 1835 which expose portions of the storage
electrode lines 131 at regions near the fixed ends of the first
storage electrodes 133a are formed on the protective layer
180 and the gate insulating layer 140. The contact holes 181,
182, 183a, 1835, and 185 may be formed in various shapes
such as polygon and circle. Side walls of the contact holes
181, 182, 1834, 1835, and 185 may be slanted at an angle of
about 30° to about 85° or have a step shape.

[0244] A plurality of pixel electrodes 191 including first
and second sub pixel electrodes 191a and 1915, a plurality
of overpasses 83, and a plurality of contact assistants 81 and
82 are formed on the protective layer 180. The components
may be made of, for example, a transparent conducive
material such as [TO and IZO or a reflective metal such as,
for example, aluminum (Al), silver (Ag), chromium (Cr),
and an alloy thereof.

[0245] The first sub pixel electrode 191a is physically and
electrically connected to the drain electrode 175 through the
contact hole 185 and receives a data voltage applied by the
drain electrode 175.

[0246] The first and second sub pixel electrodes 191« and
1915 are separated from each other with respect to a gap 92
interposed therebetween. The gap 92 includes a slanted
portion which extends from the left side to the right side
thereof and a longitudinal portion which connects the
slanted portions. The slanted portions have an angle of about
45° with respect to the gate lines 121.

[0247] The first sub pixel electrode 191a of the sub pixel
electrodes 1914 and 1915 divided by the gap 92 is disposed
above and under the second sub pixel electrode 1915 to
surround the second sub pixel electrode 1915, so that second
sub pixel electrode 1915 is interposed between two portions
of the first sub pixel electrode 191a . The first and second
sub pixel electrodes 191a and 1915 face each other and have
edges which are slanted with an angle of about 45° with
respect to the gate line 121. As a result, the first and second
sub pixel electrodes 191a¢ and 1916 have an inversion
symmetry with respect to a virtual transverse central line
bisecting the pixel electrode 191.

[0248] The second sub pixel electrode 1915 has a central
cutout portion 91. The central cutout portion 91 extends
along the transverse central line and has an inlet at the right
side. The inlet of the central cutout portion 91 has a pair of
slanted edges which are parallel to the gap 92.

[0249] Here, the first sub pixel electrodes 191a are con-
nected to the drain electrodes 175 through the contact holes
185 to be directly applied with the data voltages. The second
sub pixel electrodes 915 overlap the capacitive coupling
electrodes 176 which are connected to the first sub pixel
electrodes 191a. As a result, the second sub pixel electrodes
1915 are electromagnetically (e.g., capacitively) coupled to
the first sub pixel electrodes 191a.

[0250] The pixel electrode 191 is divided into four parti-
tions by the gap 92 and the central cutout portion 91.

[0251] Referring to FIGS. 5 and 16, the pixel electrode
191 has a pair of first primary edges 193 and 194 facing each

Oct. 12, 2006

other and a pair of second primary edges 195 and 196
connected to the first primary edges 193 and 194. The first
primary edges 193 and 194 are substantially parallel to the
gate line 121, and the second primary edges 195 and 196
have inner and outer envelopes. The inner and outer enve-
lopes of the second primary edges 195 and 196 are substan-
tially perpendicular to the first primary edges 193 and 194.
Left corners of the pixel electrode 191 is constructed with
chamfered slanted edges 193¢ and 194c¢, and the chamfered
slanted edges 193¢ and 194¢ have a slanted angle of about
45° with respect to the gate line 121.

[0252] The second primary edges 195 and 196 of the pixel
electrode 191 have a plurality of sawteeth 910 and 920
which protrude from a plurality of longitudinal lines 915 and
916 on the inner envelopes 951 and 961 outwardly. The
sawteeth 910 and 920 are symmetric with respect to the
transverse central line of the pixel electrode 191.

[0253] Each of the sawteeth 910 (920) has a first slanted
edge 911 (921), a second slanted edge 912 (922), and a top
edge 913 (923) which is disposed on the outer envelop 952
(962) to connect the first and second slanted edges. The
extension lines of the first and second slanted edges 911
(912) and 912 (922) intersect each other with an acute angle
of about 45° or less. The first slanted edge 911 (912) has an
obtuse angle of about 135° or more with respect to the
longitudinal line 915 (925), and the second edge 912 (922)
has an angle of about 45° with respect to the longitudinal
line 915 (925). The extension lines of the first and second
slanted edges 911 (912) and 912 (922) intersect each other
with an acute angle of about 45° or less. In addition, the
second slanted edge 912 (922) is substantially parallel to the
gap 92 and located on an extension line of the gap 92. The
first slanted edge 911 (921) has an angle of about 45° or less
or 135° or more with respect to the gap 92.

[0254] The upper portions of the sawteeth 910 and 920,
that 1s, portions near the top edges 913 and 923 thereof
overlap the data line 171. The sawteeth 920 of the right edge
196 of the pixel electrode 191 which are located at the left
of the data line 171 are engaged with the sawteeth 910 of the
pixel electrode 191 which are located at the left of the data
line 171. In addition, the facing edges of the engaged
sawteeth 910 and 920 are parallel to each other.

[0255] The number of the sawteeth 910 and 920 are in
close relation to the number of the partitions of the pixel
electrode 191 divided by the cutout portions and the gaps 91
and 92 or the number of the cutout portions. The number of
the partitions of the pixel electrode 191 and the number of
the sawteeth 910 and 920 may vary according to design
factors such as, for example, the size of the pixel electrode
191, the ratio of lengths of the transverse and longitudinal
sides of the pixel electrode 191, and types or characteristics
of the liquid crystal layer 3.

[0256] The pixel electrodes 191 overlap the adjacent gate
lines 121 or the adjacent data lines 171, so that it is possible
to increase the aperture ratio of the liquid crystal display
apparatus.

[0257] The overpass 83 is disposed across the gate line
121 and connected to the exposed portion of the storage
electrode line 131 and the exposed end portion of the free
end of the first storage electrode 133a through the contact
holes 1835 and 185 which are located at the opposite
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positions with respect to the gate line 121, respectively. The
storage electrodes 133a and 1335 and the storage electrode
line 131 together with the overpasses 83 may be used to
repair defects of the gate lines 121, the data lines 171, and
the thin film transistors.

[0258] The contact assistants 81 and 82 are connected to
the end portion 129 of the gate line 121 and the end portion
179 of the data line 171 through the contact holes 181 and
182, respectively

[0259] Now, the common electrode panel 200 will be
described with respect to FIGS. 16, 18, and 20.

[0260] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light-blocking member 220 includes a
plurality of opening portions 225 which face the pixel
electrodes 191 and have a shape of a substantial rectangle.
A width of portions 221 of the light blocking member 220
corresponding to the date lines 171 is substantially the same
as that of the data lines 171. However, the widths may be
defined by taking into consideration alignment error of the
panels 100 and 200. The light blocking member 220
includes enlarged portions 222 which block spaces between
the engaged sawteeth 910 and 920 which protrude outwardly
from the data lines 171. The light blocking member 220 may
include portions corresponding to the thin film transistors.

[0261] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220, and the color filters 230 extend along rows of the
pixel electrodes 191 in the longitudinal direction. Each of
the color filters 230 can display one of primary colors such
as red, green, and blue.

[0262] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (organic) insulating material. The cover film
250 prevents the color filters 230 from being exposed and
provides a planarized surface. The cover film 250 may be
omitted.

[0263] A common electrode 270 is formed on the cover
film 250. The common electrode 270 is made of a transpar-
ent conductive material such as, for example, ITO and 1ZO.
A plurality of cutout portion sets of cutout portions 71, 72a,
and 725 are formed on the common electrode 270.

[0264] The common electrode panel 270 includes a plu-
rality of cutout portion sets 71-72b.

[0265] One cutout portion set 71-72b faces one pixel
electrode 191 and includes a central cutout portion 71, a
lower cutout portion 724, and an upper cutout portion 725.
The cutout portions 71, 72a, and 724 are disposed between
the adjacent cutout portions 91, 924, and 924 of the pixel
electrode 191 or between the cutout portions 92a and 925
and the chamfered edge of the pixel electrode 191.

[0266] Inaddition, each of the cutout portions 71, 724, and
72b extends substantially in parallel to the lower or upper
cutout portion 92a or 926 of the pixel electrode 191 and
include at least one slanted portion. The cutout portions 71,
72a, and 726 have an inversion symmetry with respect to the
transverse central line of the pixel electrode 191.

[0267] Each of the lower and upper cutout portions 72«
and 724 includes a slanted portion and a transverse portion.
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The slanted portion extends substantially from the upper or
lower side to the left side of the pixel electrode 191 to
overlap the longitudinal side of the pixel electrode 191. A
long side facing the slanted portion intersects the first and
second slanted edges 911, 912, 921, and 922 of the sawteeth
of the pixel electrode 191 or extension lines thereof or is
located on the extension lines. The transverse portion
extends from the end of the slanted portion along the
transverse side of the pixel electrode 191 with an obtuse
angle with respect to the slanted portion and overlaps the
transverse side.

[0268] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
transverse portion extends substantially from the left side of
the pixel electrode 191 along the transverse central line of
the pixel electrode 191 in the right direction. A pair of the
slanted portions extend substantially in parallel to the lower
and upper cutout portions 72a and 726 from the end of the
central transverse portion to the right side of the pixel
electrode 191 with an obtuse angle with respect to the central
transverse portion, respectively.

[0269] The number ofthe cutout portions 71, 72a, and 7256
may vary according to the design factors, and the light-
blocking member 220 overlaps the cutout portions 71, 724,
and 726 to prevent the light leakage in a vicinity of the
cutout portions 71, 72a, and 725.

[0270] Spacers made of an insulating material are dis-
posed on the common electrode panel 200 to maintain a
constant interval between the panels 100 and 200.

[0271] The light blocking member 220 ovetlaps the cutout
portions 71, 72a, and 726 to prevent the light leakage in a
vicinity of the cutout portions 71, 72a, and 72b. In addition,
in this embodiment, the slanted portions 176a and 1765 of
the capacitive coupling electrodes 176 overlaps the cutout
portions 71, 72a, and 726 to prevent the light leakage in a
vicinity of the cutout portions 71, 72a, and 72b.

[0272] Here, the slanted angles of the sawtheeth 910 and
920 of the pixel electrode 191 may be formed to be larger by
about 1° or about 15° than the angles of the slanted portions
of the central cutout portions 71 of the common electrode
270.

[0273] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.
Polarizers 12 and 22 are disposed on outer surfaces of the
panels 100 and 200, respectively.

[0274] When the common voltage and the data voltage are
applied to the common electrode 270 and the pixel electrode
191, respectively, a primary electric field is generated in a
direction substantially perpendicular to the surfaces of the
panels 100 and 200. In response to the electric field, the
liquid crystal molecules 31 have a tendency to change the
major axis direction to be perpendicular to the direction of
the electric field. On the other hand, the cutout portions 71,
T2a, 725,91, 924, and 925 of the common electrode 270 and
the pixel electrode 191 and the slanted edges of the sub pixel
electrode 191qa distort the electric field to generate a hori-
zontal component of the electric field for determining the
tilted direction of the liquid crystal molecules. The horizon-
tal component of the electric field is perpendicular to the
edges of the cutout portions 71, 72a, 725, 91, 924, and 925
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and the slanted edges of the pixel electrode 191. In the
horizontal component of the primary electric field at the
facing two edges of the cutout portions 71, 72a, 725, 91,
924, and 92b are opposite to each other.

[0275] Due to such electric fields, the cutout portions 71,
72a, 72b, 91, 924, and 925 can control the tilted direction of
the liquid crystal molecules of the liquid crystal layer 3. As
a result, the liquid crystal molecules in domains defined by
the adjacent cutout portions 71, 72a, 72b, 91, 924, and 925
or in domains defined by the right and left slanted edges of
the sub pixel electrodes 191a and 1915 are tilted in the
direction perpendicular to the longitudinal directions of the
cutout portions 71, 72a, 72b, 91, 924, and 925. The long
edges of each of the domains are substantially parallel to
each other and have an angle of about 45° with respect to the
gate line 121. Most of the liquid crystal molecules in the
domain are slanted in four directions, so that a wide viewing
angle can be obtained.

[0276] Therefore, by providing the sawteeth to the sides of
the sub pixel electrodes 191a and 191b adjacent to the data
line 171, as described above in the embodiment shown in
FIGS. 1 to 4, the secondary electric field generated between
the adjacent pixel electrodes 191 can control the alignment
of the liquid crystal molecules 31 in the sub areas.

[0277] The widths of the cutout portions 71, 724, 725, 91,
92a, and 92b may be in the range of, for example, from
about 9 um to about 12 pm.

[0278] At least one of the cutout portions 71, 72a, 724, 91,
92a, and 926 may be replaced with a protrusion or a
depression. The protrusions may be made of an organic or
inorganic material and disposed above or under the electric
field generating electrodes 191a, 1915, and 270. In addition,
the widths of the protrusions may be in the range of, for
example, from about 5 um to about 10 pm.

[0279] On the other hand, when the tilted direction of the
liquid crystal molecules 31 has an angle of about 45° with
respect to the transmission axes of the polarizers 12 and 22,
the highest brightness can be obtained. In this embodiment,
in all the domains, the tilted direction of the liquid crystal
molecules 31 has an angle of about 45° with respect to the
gate lines 121, and the gate lines 121 are parallel to or
perpendicular to the peripheral lines of the panels 100 and
200. Accordingly, in this embodiment, the polarizers 12 and
22 are disposed on the panels 100 and 200 such that the
transmission axes thereof are parallel to or perpendicular to
the peripheral lines of the panels 100 and 200, to thereby
obtain the highest brightness and reduce production cost of
the polarizers 21 and 22.

[0280] In the liquid crystal display apparatus according to
the embodiment, as described above, the second sub pixel
electrodes 1915 are electromagnetically (capacitively)
coupled to the first sub pixel electrodes 191a. While the first
sub pixel electrodes 191a are directly connected to the thin
film transistor Q through the drain electrode 175 thereof to
be applied with an image signal voltage which is transmitted
through the thin film transistor from the data line 171, the
voltage of the second sub pixel electrode 1915 becomes a
capacitively coupled voltage to the first sub pixel electrode
191a.

[0281] Therefore, in this embodiment, the absolute value
of the voltage of the second sub pixel electrode 1915 is
always lower than that of the first sub pixel electrode 191a.
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[0282] The capacitively coupled structure may have the
following structures.

[0283] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 21 to 24.

[0284] FIG. 21 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 22 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XXII-XXII of FIG. 21. FIG. 23 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XXIII-XXIII of FIG. 21. FIG. 24 is a
schematic equivalent circuit diagram of a pixel of the liquid
crystal display apparatus shown in FIG. 21.

[0285] Referring to FIGS. 21 to 24, the liquid crystal
display apparatus includes a thin film transistor panel 100
and a common electrode panel 200 which face each other
and a liquid crystal layer 300 interposed between the panels
100 and 200.

[0286] Firstly, the thin film transistor panel 100 will be
described in detail.

[0287] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of storage electrode lines 131,
and a plurality of capacitive electrodes 136 are disposed on
an insulating substrate 110 made of a transparent glass or a
plastic material.

[0288] The gate lines 121 transmitting gate signals mainly
extend in the transverse direction. The gate lines 121 include
a plurality of gate electrodes 124 which protrude upwardly
and end portions 129 which have wide areas for connection
to other layers or external driver circuits

[0289] The storage electrode lines 131 which are applied
with predetermined voltages include lower and upper stem
lines 131a1 and 1312 which extend substantially in parallel
to the gate lines 121. Each of the storage electrode lines 131
is disposed between adjacent two gate lines 121. The lower
stem line 131al is closer to the lower one of the two gate
lines 121.

[0290] The upper stem line 13142 is closer to upper one of
the two gate lines 121.

[0291] The lower and upper stem lines 131a1 and 13142
include lower and upper storage electrodes 1371a and 13715
which are enlarged downwardly and upwardly.

[0292] The capacitive electrode 136 has a shape of a
rectangle which is elongated in the transverse direction. The
capacitive electrode 136 is separated from the gate line 121
and the storage electrode line 131. The capacitive electrode
136 is disposed between a pair of the lower and upper
storage electrodes 1371a and 13715 and separated by sub-
stantially the same distance from the lower and upper
storage electrodes 1371a and 13715. In addition, the capaci-
tive electrode 136 is also separated by the same distance
from the adjacent two gate lines 121. However, various
shapes and arrangement may be used for the storage elec-
trode lines 131.

[0293] Side surfaces of the gate conductors 121, 131, and
136 are slanted with respect to a surface of the substrate 110,
at an angle in a range of about 30° to about 80°.
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[0294] A gate insulating layer 140 made of a silicon nitride
SiN, or the like is formed on the gate conductors 121, 131,
and 136.

[0295] A plurality of island-shaped semiconductor mem-
bers 154 made of a hydrogenated amorphous silicon (abbre-
viated to a-Si) or polysilicon are formed on the gate insu-
lating film 140. The semiconductor members 154 are
disposed on the gate electrodes 124 and include expansion
portions covering boundaries of the gate lines 121. In
addition, island-shaped semiconductor members may be
separately formed to cover boundaries of the storage elec-
trode lines 131.

[0296] A plurality of island-shaped chmic contacts 163
and 165 are formed on semiconductor members 154. The
ohmic contacts 163 and 165 may be made of made of silicide
or an n+hydrogenated amorphous silicon which is heavily
doped with n-type impurities such as phosphorus (P). A pair
of the ohmic contacts 163 and 165 are disposed on the
semiconductor member 154.

[0297] Side surfaces of the semiconductor members 154
and the ohmic contacts 163 and 165 are also slanted with
respect to the surface of the substrate 100 at an angle in a
range of about 30° to about 80°.

[0298] A plurality of data conductors including a plurality
of data lines 171 and a plurality of drain electrodes 175 are
formed on the ohmic contacts 163 and 165 and the gate
insulating film 140.

[0299] The data lines 171 transmitting data signals mainly
extend in the longitudinal direction to intersect the gate lines
121 and the storage electrode lines 131. The data lines 171
include a plurality of source electrodes 173 which protrude
toward the gate electrodes 124 and end portions 179 which
have wide areas for connection to other layers or external
driver circuits.

[0300] The drain electrode 175 is separated from the data
line 171. The drain electrodes 175 include a bar-shaped end
portion which faces a source electrode 173 with respect to
the gate electrode 124 interposed therebetween. The bar-
shaped end portion is partially surrounded by the U-shaped
source electrode 173.

[0301] The drain electrode 175 includes lower, upper, and
central expansion portions 177al, 17742, and 176 and a pair
of connection portions 178al and 17842 which connects the
expansion portions. The expansion portions 177al, 17742,
and 176 have a shape of a rectangle which is elongated in the
transverse direction. The connection portions 17841 and
17842 connects the expansion portions 177al, 17742, and
176 at both sides thereof and are substantially parallel to the
data lines 171

[0302] The lower and upper expansion portions 17741 and
17742 overlap the lower and upper storage electrodes 137a1
and 13742.

[0303] The central expansion portion 176 overlaps the
capacitive electrode 136. Hereinafter, the central expansion
portion 176 is referred to as a coupling electrode.

[0304] A contact hole 176H is formed at the right end
portion of the coupling electrode 176. The shape of the
coupling electrode 176 is formed to be substantially the
same as that of the capacitive electrode 136.
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[0305] For example, side surfaces of the data conductors
171, 175, and 176 are also slanted with respect to the surface
of the substrate 110 at an angle ranging from about 30° to
about 80°.

[0306] The ohmic contacts 163 and 165 are interposed
only between the underlying semiconductor members 154
and the overlying data conductors 171 and 175 and reduce
contact resistance therebetween. The extension portions of
the semiconductor members disposed on the gate lines 121
allows the profile of surfaces to be smoothed, so that the
disconnection of the data lines 171 can be prevented. The
semiconductor members 154 have planar shapes which are
substantially equal to shapes of the data lines 171, the drain
electrodes 175, and the underlying chmic contacts 161 and
165. The semiconductor members 154 have exposed por-
tions uncovered by the data conductors 171 and 175 in
addition to portions disposed between the source electrodes
173 and the drain electrodes 175.

[0307] A protective layer 180 is formed on the data
conductors 171 and 175 and the exposed portions of the
semiconductor members 154. The protective layer 180 is
made of an inorganic insulating material or an organic
insulating material, and a surface thereof may be planarized.
A plurality of contact holes 182 which expose end portions
179 of the data lines 171 and a plurality of contact holes
185a1 and 18542 which expose lower and upper expansion
portions 1774l and 17742 of the drain electrodes 175,
respectively, are formed on the protective layer 180. In
addition, a plurality of contact holes 181 which expose end
portions 129 of the gate lines 121 and a plurality of contact
holes 186 which expose the capacitive electrodes 136
through contact holes 176H of coupling electrodes 176 are
formed on the protective layer 180 and the gate insulating
layer 140.

[0308] A plurality of pixel electrodes 191 and a plurality
of contact assistants 81 and 82 are formed on the protective
layer 180. The components may be made of a transparent
conducive material such as, for example, ITO and IZO or a
reflective metal such as , for example, aluminum (Al), silver
(Ag), chromium (Cr), and an alloy thereof.

[0309] The pixel electrode 191 has a pair of first primary
edges 193 and 194 facing each other and second primary
edges which are connected to the first primary edges 193 and
194 and include a plurality of sawteeth 90 and lower edges
90c connecting the sawteeth 90. Each of the sawteeth 90
includes first and second slanted edges 904 and 904 which
are slanted with respect to the first primary edges 193 and
194 and an upper edge 905. The first primary edges 193 and
194 are parallel to the gate lines 121. The first primary edges
193 and 194 and the second primary edges constitute an
approximate rectangle. The pixel electrode 191 has the four
chamfered corners which has an angle of about 45° with
respect to the gate lines 121.

[0310] The first slanted edge 90a partially overlaps the
data line 171. The first slanted edges 90a of the adjacent two
pixel electrodes 191 are disposed to face each other in
parallel to each other.

[0311] Each ofthe pixel electrodes 191 includes lower and
upper sub pixel electrodes 191a1 and 19142 and a central
sub pixel electrode 1915 which are divided by the lower and
upper gaps 93a and 93b. The lower and upper gaps 93a and
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93b extend substantially in the slanted directions from the
left side to the right side of the pixel electrode 191. Accord-
ingly, the central sub pixel electrode 1915 has a shape of
isosceles trapezoid, and the lower and upper sub pixel
electrodes 191a1 and 19142 have a shape of rectangular
trapezoid. The lower and upper gaps 93a and 9354 are
perpendicular to each other with slanted angles of about 45°
with respect to the gate line 121.

[0312] The lower and upper sub pixel electrodes 191al
and 19142 are connected to the lower and upper expansion
portions 17741 and 17742 of the drain electrode 175 through
the contact holes 18541 and 18542.

[0313] The central sub pixel electrode 1915 is connected
10 the capacitive electrode 136 through the contact hole 186
and overlaps a coupling electrode 176. The central sub pixel
electrode 1915 and the capacitive electrode 136 together
with the coupling electrode 176 constitute a coupling capaci-
tor.

[0314] A central cutout portion 91 and first upper and
lower slanted cutout portions 92a and 924 are formed in the
central sub pixel electrode 1915. A second lower slanted
cutout portion 94a is formed in the lower sub pixel electrode
191a1. A second upper slanted cutout portions 945 is formed
in the upper sub pixel electrode 191a2. The cutout portions
91, 92a, 925, 94a, and 945 divide the sub pixel electrodes
1915, 191al, and 19142 into a plurality of sub areas. The
pixel electrode 1991 including the cutout portions 91, 924,
92b, 94a, and 945 and the gaps 93a and 935 (hereinafter,
referred as cutout portions) have an inversion symmetry
with respect to the capacitive electrode 136.

[0315] The lower and upper slanted cutout portions 924 to
94b extend substantially in the slanted directions from the
right corners, the lower side, or the upper side to the right
side of the pixel electrode 191. The lower and upper slanted
cutout portions 92a to 945 extend in perpendicular to each
other with slanted angles of about 45° with respect to the
gate line 121. Each of the lower and upper slanted cutout
portions 92a, 925, 94a, and 945 has an inlet at the right or
left side of the pixel electrode 191. The inlets may be
connected to the concave portions 90c.

[0316] The first slanted edges 90a of the sawteeth 90 of the
second primary edges have an obtuse angle with respect to
the slanted cutout portions 92a to 94a, and the second
slanted edges 90d thereof are substantially parallel to the
slanted cutout portions 925 to 94b.

[0317] The central cutout portion 91 extends along the
storage electrode line 131 and has an inlet toward the left
side of the pixel electrode 191. The inlet of the central cutout
portion 91 has a pair of slanted edges which are substantially
parallel to the lower cutout portions 92a to 94a and the upper
cutout portions 926~94b, respectively.

[0318] The number of the cutout portions and the number
of the partitions may vary according to design factors such
as, for example, the size of the pixel electrodes 19141,
19142, and the 1915, the ratio of lengths of the transverse
and longitudinal sides of the pixel electrodes 191al, 19142,
and the 1914, and the types or characteristics of the liquid
crystal layer 3.

[0319] The contact assistants 81 and 82 are connected to
the end portion 129 of the gate line 121 and the end portion
179 of the data line 171 through the contact holes 181 and
182, respectively.
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[0320] Now, the common electrode panel 200 will be
described in detail.

[0321] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light blocking member 220 includes
line-shaped portions 211 corresponding to the data lines 171,
enlarged portions 222 formed by enlarging some portions of
the light blocking member 220, and plane-shaped portions
223 corresponding to the thin film transistors. The light
blocking member 220 prevents light leakage between the
pixel electrodes 191 and defining opening regions facing the
pixel electrodes. However, the light blocking member 220
may further include a plurality of opening portions facing
the pixel electrodes 191 and which have substantially the
same shape as the pixel electrodes 191.

[0322] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220. In addition, the color filters 230 extend along rows
of the pixel electrodes 191 in the longitudinal direction.
Each of the color filters 230 can display one of primary
colors such as red, green, and blue.

[0323] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (organic) insulating material. The cover film
250 prevents the color filters 230 from being exposed and
provides a planarized surface. The cover film 250 may be
omitted.

[0324]
film 250.

[0325] A plurality of cutout portions 71, 72a, 724, 73a,
73b, T4a, 74b, and 75 are formed on the common electrode
270.

[0326] One cutout portion set 71-75 faces one pixel elec-
trode 191 and includes a central cutout portion 71, first to
third lower slanted cutout portions 72a, 73a, and 74a, first
to third upper slanted cutout portions 725, 735, and 74b, and
a connection portions 75. The cutout portions 71, 72a, 72b,
73a, 73b, 74a, and 74b are disposed between the adjacent
cutout portions 91, 92, 93a, 935, 94a, 945, 954, and 955 of
the pixel electrode 191 or between the cutout portions 91,
92,93q, 935, 94a, 945, 954, and 956 and the chamfered edge
of the pixel electrode 191. In addition, each of the cutout
portions 71, 72a, 72b, 73a, 73b, 7da, and 74b extends
substantially in parallel to the lower cutout portions 93a,
94q, and 95a or upper cutout portions 935, 945, and 956 of
the pixel electrode 191 and include at least one slanted
portion.

[0327] The first lower and upper slanted cutout portions
72a and 72b extend substantially from the right side to the
left side of the pixel electrode 191. The second lower and
upper slanted cutout portions 73a and 735 extend substan-
tially from the right side to the upper and lower left corners
of the pixel electrode 191, respectively. The third lower and
upper slanted cutout portions 74a and 744 extend substan-
tially from the right side to the lower and upper sides of the
pixel electrode 191, respectively. The third lower and upper
slanted cutout portions 74a and 74b include terminated
transverse portions which extend from the ends of the third
lower and upper slanted cutout portions 74a and 74b to
overlap the lower and upper sides of the pixel electrode 191.

A common electrode 270 is formed on the cover
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The terminated transverse portion has an obtuse angle with
respect to the slanted cutout portions 74a and 744.

[0328] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
transverse portion extends substantially from the right side
of the pixel electrode 191 along the storage electrode line
131 in the left direction. A pair of the slanted portions extend
substantially in parallel to the lower and upper cutout
portions 72a, 72b, 73a, 73b, 74a, and 745 from the end of
the central transverse portion to the left side of the pixel
electrode 191.

[0329] The one end of the one slanted portion of the
central cutout portion 71 and the one end of the second lower
cutout portion 73a of the adjacent pixel electrode are con-
nected with one of the connection portions 75. The one end
of the other slanted portion of the central cutout portion 71
and the one end of the second upper cutout portion 735 of
the adjacent pixel electrode are connected with one of the
connection portions 75. The one end of the first lower
slanted cutout portion 724 and the one end of the third lower
slanted cutout portion 74a of the adjacent pixel electrode are
connected with one of the connection portions 75. The one
end of the first upper slanted cutout portion 726 and the one
end of the third upper slanted cutout portion 74b of the
adjacent pixel electrode are connected with one of the
connection portions 75. The connection portions 75 are
parallel to the first slanted edges 90a of the pixel electrode
191 and located at portions corresponding to the data line
171. The width of the connection portions 75 in this embodi-
ment is larger by about 8 um than the interval between the
adjacent pixels 191. The enlarged portions 222 of the light
blocking member 220 may have a width larger than the other
portions corresponding to the connection portions 75.

[0330] On the other hand, according to this embodiment of
the present invention, a plurality of convex notches 7 which
are periodically disposed with a predetermined interval may
be provided in the cutout portions 71 to 745.

[0331] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.
Polarizers are disposed on outer surfaces of the panels 100
and 200, respectively. The transmission axes of the two
polarizers are perpendicular to each other, and one of the
transmission axes is preferably parallel to the gate lines 121.
In the case of a reflective liquid crystal display apparatus,
one of the two polarizers may be omitted.

[0332] The liquid crystal display apparatus according to
the present embodiment may further include a phase retar-
dation film for compensating for retardation of the liquid
crystal layer 3. The phase retardation films have birefrin-
gence and have a function of inversely compensating for the
birefringence of the liquid crystal layer 3.

[0333] The liquid erystal display apparatus may include a
backlight unit for supplying light to the polarizers, the phase
retardation film, the panels 100 and 200, and the liquid
crystal layer 3.

[0334] Theliquid crystal layer 3 has a negative anisotropic
permittivity, and the liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned so that the major axes thereof are
perpendicular to the surfaces of the two panels 100 and 200
when no electric field is applied to the liquid crystal mol-

Oct. 12, 2006

ecules. As a result, incident light cannot pass through the
perpendicular polarizers and is thus blocked.

[0335] In the liquid crystal display apparatus shown in
FIGS. 21 to 25, opaque members such as the storage
electrode lines 131, the capacitive electrodes 136, the expan-
sion portions 177al, 17742, and 176 of the drain electrodes
175, and the connection portions 17841 and 17842 and
transparent members such as the pixel electrodes 191 and
the common electrode 270 including the cutout portions 91
to 94b and 71 to 75 are symmetrically disposed with respect
to the capacitive electrodes 136 which are separated by the
same distance from the adjacent two gate lines 121.

[0336] Now, the liquid crystal display apparatus will be
described more in detail with respect to FIG. 24.

[0337] Referring to FIG. 24, one pixel of the liquid crystal
display apparatus includes a thin film transistor Q, a first sub
pixel electrode including a first liquid crystal capacitor C; ~a
and a storage capacitor Cg, a second sub pixel electrode
including a second liquid crystal capacitor C; b, and a
coupling capacitor Ccp.

[0338] The first liquid crystal capacitor C; ~a includes the
upper and lower sub pixel electrodes 191a1 and 19142 as the
one port thereof, the common electrode 270 as the other port
thereof, and the liquid crystal layer 3 interposed between the
two ports as the dielectric member. Similarly, the second
liquid crystal capacitor C; b includes the central sub pixel
electrode 1915 as the one port thereof, a corresponding
portion of the common electrode 270 as the other port
thereof, and the liquid crystal layer 3 interposed between the
two ports as the dielectric member.

[0339] The storage capacitor Cgy includes the lower and
upper expansion portions 177al and 17742 of the drain
electrode 175 as the one port thereof, the lower and upper
storage electrodes 137a1 and 13742 as the other port thereof,
and a corresponding portion of the gate insulating layer 140
interposed between the two ports as the dielectric member.
The coupling capacitor Ccp includes the central sub pixel
electrode 1915 and the capacitive electrode 136 as the one
port thereof, the coupling electrode 176 as the other port
thereof, and corresponding portions of the proactive layer
180 and the gate insulating layer 140 interposed between the
two ports as the dielectric member.

[0340] The first liquid crystal capacitor C;.a and the
storage capacitor Cq are connected to the drain electrode of
the thin film transistor Q. The coupling capacitor C.p is
connected between the thin film transistor Q and the second
liquid crystal capacitor C; ~b. The common electrode 270 is
applied with a common voltage Vcom. The storage electrode
line 131 may also be applied with the common voltage
Veom.

[0341] The thin film transistor Q applies a data voltage
from the data line 171 to the first liquid crystal capacitor
C;a and the coupling capacitor Cp according to a gate
signal from the gate line 121. The coupling capacitor Cqp
changes a size of the voltage and transmits the voltage to the
second liquid crystal capacitor C; cb.

[0342] If the storage electrode line 131 is applied with the
common voltage Veom, and if the electrostatic capacitances
of the capacitors C; a, Cyr, C; b, and Ccep are denoted by
C1ca, Cyr, Ci b, and Cep, a voltage Va charged in the first
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liquid crystal capacitor C; ~a and a voltage Vb charged in the
second liquid crystal capacitor C; b have a relation as
follows.

Vb=Va| Cep/{(Cep+Cr e-h)]
[0343] Sincea value of Cep/(Cep+C; b) is less than 1, the
voltage Vb charged in the second liquid crystal capacitor
C. b is always smaller than the voltage Va charged in the
first liquid crystal capacitor C; -a. Even in a case where the
voltage of the storage electrode line 131 is not the common
voltage Vcom, the relation is satisfied.

[0344] When the voltage difference between the two ports
of the first or second liquid crystal capacitor C; .a or C; b
is generated, an electric field is generated in the liquid
crystal layer 3 in a direction substantially perpendicular to
the panels 100 and 200. In response to the electric field, the
liquid crystal molecules have a tendency to change the major
axis direction to be perpendicular to the direction of the
electric field. According to the degree of the tilted angle of
the liquid crystal molecules, polarization of the light passing
through the liquid crystal layer 3 changes. The change in the
polarization results in a change in transmittance of the light
due to the polarizers 12 and 22, so that an image is display
on the liquid crystal display apparatus.

[0345] The tilted angle of the liquid crystal molecules
varies according to the strength of the electric filed. Since
the voltage Va charged in the first liquid crystal capacitor
Cy ca is different from the voltage Vb charged in the second
liquid crystal capacitor C; b, the tilted angles of the liquid
crystal molecules in the first and second sub pixels are
different from each other. As a result, the brightnesses of the
two sub pixel electrodes are different from each other.
Accordingly, by adjusting the voltage Va charged in the first
liquid crystal capacitor C; .a and the voltage Vb charged in
the second liquid crystal capacitor C; b, the brightness of
the image seen from a side of the liquid crystal display
apparatus can be closest to the brightness of the image seen
from a front of the liquid crystal display apparatus, thereby
improving the side viewing angle.

[0346] The ratio of the voltage Va charged in the first
liquid crystal capacitor C; a and the voltage Vb charged in
the second liquid crystal capacitor C; -b can be adjusted by
changing the electrostatic capacitance of the coupling
capacitor Cp. The electrostatic capacitance of the coupling
capacitor Cp can be changed by adjusting the overlapping
area and distance between the second sub pixel electrode
1915, the capacitive electrode 136, and the coupling elec-
trode 176. For example, by removing the capacitive elec-
trode 136 and disposing the coupling electrode 176 at the
position where the capacitive electrode 136 is removed, the
distance between the coupling electrode 176 and the second
sub pixel electrode 1915 can increase. For example, the
voltage Vb charged in the second liquid crystal capacitor
C.cb may be about 0.6 to about 0.8 times larger than the
voltage Va charged in the first liquid crystal capacitor C; .a.

[0347] In contrast, the voltage Vb charged in the second
liquid crystal capacitor C; b may be designed to larger than
the voltage Va charged in the first liquid crystal capacitor
C;ca by precharging the second liquid crystal capacitor
C, b with a predetermined voltage such as the common
voltage Vcom.

[0348] Preferably, the ratio of areas of the lower and upper
sub pixel electrodes 19141 and 191a2 and an area of the
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central sub pixel electrode 1915 is in a range of from about
1:0.85 to about 1:1.15. The number of the sub pixel electrode
of each of the sub pixel may vary.

[0349] Inaddition, by providing the sawteeth to the side of
the pixel electrode 191 adjacent to the data line 171, the
secondary electric field generated between the adjacent pixel
electrodes 191 can control the alignment of the liquid crystal
molecules 31 in the sub areas. In addition, by providing the
connection portions 75 at the positions corresponding to the
regions where the first slanted edges 90a of the adjacent two
pixel electrodes 191 face each other, the alignment of the
liquid crystal molecules 31 in the sub areas can be con-
trolled.

[0350] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 25 to 29.

[0351] FIG. 25 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 26 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XXVI-XXVI of FIG. 25. FIG. 27 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XXVII-XXVII of FIG. 25.

[0352] Referring to FIGS. 25 to 27, the liquid crystal
display apparatus includes a thin film transistor panel 100
and a common electrode panel 200 which face each other
and a liquid crystal layer 300 interposed between the panels
100 and 200.

[0353] Firstly, the thin film transistor panel 100 will be
described in detail.

[0354] A plurality of gate conductors including a plurality
of pairs of first and second gate lines 1214 and 1215 and a
plurality of storage electrode lines 131 are disposed on an
insulating substrate 110 made of a transparent glass or a
plastic material.

[0355] The first and second gate lines 121a and 1215
transmitting gate signals mainly extend in the transverse
direction and are located above and under the storage
electrode line 131, respectively.

[0356] The first gate line 121a include a first gate elec-
trode 124a which protrudes downwardly and an end portion
1294 which is disposed in the left side and has an wide area
for connection to other layers or external driver circuits.

[0357] The second gate line 1214 include a second gate
electrode 1246 which protrudes upwardly and an end portion
1295 which is disposed in the left side and has an wide area
for connection to other layers or external driver circuits.
Alternatively, the end portions 129a and 1295 may be
disposed at the right side. Otherwise, the end portions 1294
and 1295 may be disposed at the different sides.

[0358] The storage electrode lines 131 which are applied
with predetermined voltages extend substantially in parallel
to the gate lines 121. Each of the storage electrode lines 131
is disposed between the adjacent first and second gate lines
121a and 1215. The storage electrode line 131 is slightly
closer to the first gate line 1214 than the second gate line
1215 and separated by substantially the same distance from
the adjacent two second gate lines 1215. Each of the storage
electrode lines 131 includes a storage electrode 137 which is
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enlarged upwardly and downwardly. The storage electrode
137 has a shape of an approximate rectangle and is sym-
metrical with respect to the storage electrode line 131.
However, various shapes and arrangement may be used for
the storage electrode lines 131 and the storage electrodes
137.

[0359] Side surfaces of the gate conductors 121a, 1215,
and 131 are slanted with respect to a surface of the substrate
110, at an angle in a range of about 30° to about 80°.

[0360] A gate insulating layer 140 made of a silicon nitride
SiN,, or the like is formed on the gate conductors 121a, 1215,
and 131.

[0361] A plurality of island-shaped semiconductor mem-
bers 154a, 154b, 156, 157a, and 157b made of a hydroge-
nated amorphous silicon (abbreviated to a-Si) or polysilicon
are formed on the gate insulating film 140. The semicon-
ductor members 154a and 1545 are disposed on the gate
electrodes 124a and 1245. The semiconductor members 156
cover boundaries of the gate lines 121. The semiconductor
members 157a and 1575 partially overlap the boundary lines
of the storage electrode 137.

[0362] A plurality of island-shaped ohmic contacts 163a,
1635, 1654, 1655, and 167b are formed on semiconductor
members 154a, 1545, and 1575. A plurality of island-shaped
ohmic contacts are formed on semiconductor members 156
and 1574. The ohmic contacts 163a, 1635, 1654, 1655, and
1675 may be made of made of silicide or an n+hydrogenated
amorphous silicon which is heavily doped with n-type
impurities such as phosphorus (P). Pairs of the ohmic
contacts 1634 and 1656 and the ohmic contacts 1635 and
1655 are disposed on the semiconductor members 154a and
1545, respectively.

[0363] Side surfaces of the semiconductor members 154a,
1545, 156, 157a, and 1575 and the ohmic contacts 163a,
1635, 1654, 165b, and 1675 are also slanted with respect to
the surface of the substrate 100 at an angle in a range of
about 30° to about 80°.

[0364] A plurality of data conductors including a plurality
of data lines 171 and a plurality of pairs of first and second
drain electrodes 1754 and 17556 are formed on the ohmic
contacts 163a, 1635, 165a, 1655, and 167b and the gate
insulating film 140.

[0365] The data lines 171 transmitting data signals mainly
extend in the longitudinal direction to intersect the gate lines
121a and 1215 and the storage electrode lines 131. The data
lines 171 include a plurality of first and second source
electrodes 173a and 1735 which protrude toward the first
and second gate electrodes 124a and 1245 and end portions
179 which have wide areas for connection to other layers or
external driver circuits.

[0366] The first and second drain electrodes 175a and
175b are separated from each other. In addition the first and
second drain electrodes are also separated from the data line
171.

[0367] The first drain electrode 175a includes a bar-
shaped end portion 176a which faces the first source elec-
trode 173a with respect to the gate electrode 124a interposed
therebetween, an expansion portion 177a which has a shape
of a wide rectangle at the one end thereof opposite to the
bar-shaped end portion 1764, and a line-shaped connection
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portion 176aa which connects the expansion portion 177a
and the end portion 176a. The extension portion 177a
overlaps the storage electrode 137. The bar-shaped end
portion 176a overlaps the first gate electrode 124a and is
partially surrounded by the U-shaped first source electrode
173a. The connection portion 176aa of the first drain
electrode 175a is mostly located on the extension portion
139. The connection portion 176aa extends along the exten-
sion portion 139 and is located within a longitudinal bound-
ary line of the extension portion 139.

[0368] Similarly, the second drain electrode 1755 includes
a bar-shaped end portion 17656 which faces the second
source electrode 173b with respect to the gate electrode
1245 interposed therebetween, an expansion portion 1774
which has a shape of a wide rectangle at the one end thereof
opposite to the bar-shaped end portion 1765, and a line-
shaped connection portion 176ab which connects the expan-
sion portion 1775 and the end portion 1765. The extension
portion 1775 overlaps the storage electrode 137. The bar-
shaped end portion 1765 overlaps the second gate electrode
1245 and is partially surrounded by the U-shaped second
source electrode 173b. The area of the expansion portion
1775 of the second drain electrode 1755 is smaller than that
of the expansion portion 177a of the first drain electrode
175a.

[0369] The storage capacitance can be increased by pro-
viding the extension portion 139 under the connection
portion 176aa of the first drain electrode 175a. Accordingly,
the area of the storage electrode 137 can be reduced, to
thereby increase the aperture ratio of the liquid crystal
display apparatus.

[0370] The first/second gate electrode 124a (124b), the
first/second source electrode 173a (1735), and the first/
second drain electrode 1754 (175b) together with the first
and second semiconductor members 154a (1545) constitute
first/second thin film transistor Qa (Qb). The channel of the
first/second thin film transistor Qa (Qb) is formed in the
first/second semiconductor member 154a (1545) between
the first/second source electrode 173a (1735) and the first/
second drain electrode 175a (175b).

[0371] For instance, side surfaces of the data conductors
171, 1754, and 175b may also be slanted with respect to the
surface of the substrate 110 at an angle ranging from about
30° to about 80°.

[0372] The ohmic contacts 163a, 1635, 165a, 1655, and
1675 are interposed only between the underlying semicon-
ductor members 154a, 1545, and 1575 and the overlying
data conductors 171, 175a, and 1756 and reduce contact
resistance therebetween. The semiconductor members 156,
1574, 1575 disposed on the gate lines 121a and 1215 and the
storage electrode lines 131 allows the profile of surfaces to
be smoothed, so that the disconnection of the data lines 171
and the drain electrodes 175a and 1756 can be prevented.
The island-shaped semiconductor members 154a and 1545
have exposed portions which do not cover regions between
the source electrodes 173a and 1735 and the drain electrodes
175a and 1755 and the data conductors 171, 1754, and 1655.

[0373] A protective layer 180 is formed on the data
conductors 171, 175a, and 1755 and the exposed portions of
the semiconductor members 154a and 1545. The protective
layer 180 is made of an inorganic insulating material or an
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organic insulating material, and a surface thereof may be
planarized. A plurality of contact holes 182, 185¢, and 1854
which expose the end portions 179 of the data lines 171 and
the expansion portions 177a and 177b of the drain electrodes
175a and 1756, respectively, are formed on the protective
layer 180. A plurality of contact holes 1814 and 1815 which
expose end portions 129a and 1295 of the gate lines 121«
and 1215 are formed on the protective layer 180 and the gate
insulating layer 140.

[0374] A plurality of pixel electrodes 191 including first
and second sub pixel electrodes 191¢ and 1915 and a
plurality of contact assistants §1a, 815, and 82 are formed on
the protective layer 180. The components may be made of a
transparent conducive material such as, for example, ITO
and IZO or a reflective metal such as, for example, alumi-
num (Al), silver (Ag), chromium (Cr), and an alloy thereof.

[0375] The pixel electrode 191 has a shape of an approxi-
mate rectangle having four chamfered corners which has an
angle of about 45° with respect to the gate lines 121a and
1215.

[0376] A pair of the first and second sub pixel electrodes
191¢ and 1915 constituting the pixel electrode 191 are
engaged with each other with gaps 92 and 93 interposed
therebetween. The second sub pixel electrode 1915 has a
shape of isosceles trapezoid of which base is recessed in a
shape of trapezoid. Moreover, most portions of the second
sub pixel electrode 1915 are surrounded by the first sub pixel
electrode 191a. The first sub pixel electrode 191a includes
upper, lower, and central trapezoids which are connected to
each other at the left side.

[0377] The pixel electrode 191 has a pair of first primary
edges 193 and 194 facing each other and second primary
edges which are connected to the first primary edges 193 and
194 and include a plurality of sawteeth 90 and lower edges
90c connecting the sawteeth 90. Each of the sawteeth 90
includes first and second slanted edges 90a and 904 which
are slanted with respect to the first primary edges 193 and
194 and an upper edge 905. The first primary edges 193 and
194 are parallel to the gate lines 121. The first primary edges
193 and 194 and the second primary edges constitute an
approximate rectangle. The pixel electrode 191 has the four
chamfered corners which has an angle of about 45° with
respect to the gate lines 121. The first slanted edge 90«
partially overlaps the data line 171. The first slanted edges
904 of the adjacent two pixel electrodes 191 are disposed to
face each other in parallel to each other.

[0378] The first sub pixel electrode 191a includes cutout
portions 94a and 945 which extend from an upper side of an
upper trapezoid and a lower side of a lower trapezoid toward
the right side thereof, respectively. A central trapezoid of the
first sub pixel electrode 1914 is inserted into a receded lower
side of the second sub pixel electrode 1915. In addition, the
first sub pixel electrode 191a includes a central cutout
portion 91 which has a transverse portion and a pair of
slanted portions connected thereto. The transverse portion
extends shortly along a transverse central line of the first sub
pixel electrode 191a. A pair of the slanted portions extend
from the transverse portion toward the left side of the first
sub pixel electrode 191a with an angle of 45° with respect
to the storage electrode line 131. The gaps 92 and 93
between the first and second sub pixel electrodes 191a and
1915 include two pairs of upper and lower slanted portions

Oct. 12, 2006

and a longitudinal portion which have an angle of about 45°
with respect to the gate lines 121a and 1215. Hereinafter, for
the convenience of description, the gaps 92 and 93 are
referred to as a cutout portion. The cutout portions 91 to 945
have an inversion type of symmetry with respect to the
storage electrode line 131. The cutout portions 91 to 94b
extend in perpendicular to each other with slanted angles of
about 45° with respect to the gate lines 121a and 1215. The
pixel electrode 191 is divided into a plurality of partitions by
the cutout portions 91 to 945.

[0379] Accordingly, the upper and lower half regions with
respect to the storage electrode line 131 bisecting the pixel
electrode 191 in the transverse direction are divided into
four partitions by the cutout portions 91 to 945.

[0380] The number of the partitions and the number of the
cutout portions may vary according to design factors such
as, for example, the size of the pixel electrode 191, the ratio
of lengths of the transverse and longitudinal sides of the
pixel electrode 191, and the types or characteristics of the
liquid crystal layer 3.

[0381] The first and second sub pixel electrodes 191a and
1915 are connected to the first and second drain electrodes
175a and 175b through the contact holes 1854 and 1855 and
applied have data voltages applied thereto from the first and
second drain electrodes 1754 and 175b. A pair of the sub
pixel electrodes 191a and 1915 have different predetermined
data voltages for one input image signal applied thereto. The
sizes of the data voltages may be determined according to
the areas and shapes of the sub pixel electrodes 191a and
1915. In addition, the areas of the sub pixel electrodes 191a
and 1915 may be different from each other. As an example,
the second sub pixel electrode 1915 may have a higher
voltage applied thereto than applied to the first sub pixel
electrode 1914, and the area of the second sub pixel elec-
trode 1915 may be smaller than that of the first sub pixel
electrode 191a.

[0382] The sub pixel electrodes 191¢ and 1915 which
have the data voltages applied thereto and the common
electrode 270 which have the common voltage applied
thereto constitute first and second liquid crystal capacitors
which sustain the applied voltages after the thin film tran-
sistor turns off. Each of the liquid crystal capacitors includes
a corresponding portion of the liquid crystal layer 3 as the
dielectric member.

[0383] The first and second sub pixel electrodes 191a and
1915 and the expansion portions 177a and 1775 of the drain
electrodes 173a and 173b electrically connected thereto
overlap the storage electrode 137, the extension portion 139,
and the storage electrode line 131 so as to constitute a
storage capacitor for strengthening a voltage storage capac-
ity of the liquid crystal capacitor.

[0384] The contact assistants 81a, 815, and 82 are con-
nected to the end portions 129a and 12956 of the gate lines
121a and 1215 and the end portion 179 of the data line 171
through the contact holes 181a, 1815, and 182, respectively.

[0385] Now, the common electrode panel 200 will be
described in detail.

[0386] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light blocking member 220 include
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line-shaped portions corresponding to the data lines 171,
enlarged portions formed by enlarging some portions of the
light blocking member 220, and plane-shaped portions cor-
responding to the thin film transistors. The light blocking
member 220 prevents light leakage between the pixel elec-
trodes 191 and defining opening regions facing the pixel
electrodes. However, the light blocking member 220 may
further include a plurality of opening portions facing the
pixel electrodes 191 and having substantially the same shape
as the pixel electrodes 191.

[0387] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220. In addition, the color filters 230 extend along rows
of the pixel electrodes 191 in the longitudinal direction.
Each of the color filters 230 can display one of primary
colors such as red, green, and blue.

[0388] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (e.g., organic) insulating material. The cover
film 250 prevents the color filters 230 from being exposed
and provides a planarized surface. The cover film 250 may
be omitted.

[0389] A common electrode 270 is formed on the cover
film 250. The common electrode 270 is made of a transpar-
ent conductive material such as, for example, ITO and 1ZO.

[0390] A plurality of cutout portions 71, 72, 73a, 73b, T4a,
74b, and 75 are formed on the common electrode 270.

[0391] One cutout portion set 71-75 faces one pixel elec-
trode 191 and includes a central cutout portion 71, first to
third lower slanted cutout portions 72, 734, and 74aq, first to
third upper slanted cutout portions 72, 735, and 74, and a
connection portions 75. The cutout portions 71, 72, 73aq,
73b, 74a, and 74b are disposed between the adjacent cutout
portions 91, 92, 93, 935, 94a, and 944 of the pixel electrode
191 or between the cutout portions 91, 92, 93a, 935, 94a,
and 945 and the chamfered edge of the pixel electrode 191.
In addition, each of the cutout portions 71, 72, 73a, 735, T4a,
and 74b extends substantially in parallel to the lower cutout
portions 93a and 94a or upper cutout portions 935 and 945
of the pixel electrode 191 and include at least one slanted
portion.

[0392] The first lower and upper slanted cutout portions 72
extend substantially from the right side to the left side of the
pixel electrode 191. The second lower and upper slanted
cutout portions 73a and 73b extend substantially from the
right side to the upper and lower left corners of the pixel
electrode 191, respectively. The third lower and upper
slanted cutout portions 7d4a and 745 extend substantially
from the right side to the lower and upper sides of the pixel
electrode 191, respectively. The third lower and upper
slanted cutout portions 74a and 746 include terminated
transverse portions which extend from the ends of the third
lower and upper slanted cutout portions 74a and 74b to
overlap the lower and upper sides of the pixel electrode 191.

[0393] The terminated transverse portion has an obtuse
angle with respect to the slanted cutout portions 74a and
74b.

[0394] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
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transverse portion extends substantially from the right side
of the pixel electrode 191 along the storage electrode line
131 in the left direction. A pair of the slanted portions extend
substantially in parallel to the lower and upper cutout
portions 72, 73a, 73b, 74a, and 74b from the end of the
central transverse portion to the left side of the pixel
electrode 191.

[0395] One end of the one slanted portion of the central
cutout portion 71 and one end of the second lower cutout
portion 73a of the adjacent pixel electrode are connected
with one of the connection portions 75. Also, one end of the
other slanted portion of the central cutout portion 71 and one
end of the second upper cutout portion 735 of the adjacent
pixel electrode are connected with one of the connection
portions 75. Additionally, one end of the first lower slanted
cutout portion 72 and one end of the third lower slanted
cutout portion 74a of the adjacent pixel electrode are con-
nected with one of the connection portions 75. Moreover,
one end of the first upper slanted cutout portion 72 and one
end of the third upper slanted cutout portion 74b of the
adjacent pixel electrode are connected with one of the
connection portions 75. The connection portions 75 are
parallel to the first slanted edges 90a of the pixel electrode
191 and located at portions corresponding to the data line
171. The width of the connection portions 75 is larger by
about 8 pm than the interval between the adjacent pixels
191. The enlarged portions 222 of the light blocking member
220 may have a width larger than the other portions corre-
sponding to the connection portions 75.

[0396] Triangular-shaped notches 7 are formed in the
slanted portions of the cutout portions 71 to 74b. Alterna-
tively, the notches may have various shapes such as, for
example, rectangular, trapezoidal and semicircular shapes.
In addition, the notches may be formed in a shape of convex
or concave. Such notches control the alignment of the liquid
crystal molecules 3 located in boundary regions correspond-
ing to the cutout portions 71 to 74b.

[0397] The number and directions of the cutout portion 71
to 75 may vary according to design factors, and the light-
blocking member 220 overlaps the cutout portions 71 to 75
to prevent the light leakage in the vicinity of the cutout
portions 71 to 75.

[0398] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.

[0399] Polarizers are disposed on outer surfaces of the
panels 100 and 200, respectively. The transmission axes of
the two polarizers are perpendicular to each other, and one
of the transmission axes may, for example, be parallel to the
gate lines 121a and 1215. In the case of a reflective liquid
crystal display apparatus, one of the two polarizers may be
omitted.

[0400] The liquid crystal display apparatus according to
the present embodiment may further include a phase retar-
dation film for compensating for retardation of the liquid
crystal layer 3. The phase retardation films have birefrin-
gence and have a function of inversely compensating for the
birefringence of the liquid crystal layer 3.

[0401] Theliquid crystal layer 3 has a negative anisotropic
permittivity, and the liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned so that the major axes thereof are
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perpendicular to the surfaces of the two panels 100 and 200
when no electric field is applied to the liquid crystal mol-
ecules. Therefore, incident light cannot pass through the
perpendicular polarizers and is thus blocked.

[0402] When a voltage difference between the two ports of
the first or second liquid crystal capacitor is generated by
applying the common voltage to the common electrode 270
and the data voltage to the pixel electrode 191, an electric
field is generated in the liquid crystal layer 3 in a direction
substantially perpendicular to the panels 100 and 200. In
response to the electric field, the liquid crystal molecules
have a tendency to change the major axis direction to be
perpendicular to the direction of the electric field. According
to the degree of the tilted angle of the liquid crystal mol-
ecules, polarization of the light passing through the liquid
crystal layer 3 changes. The change in the polarization
results in a change in transmittance of the light due to the
polarizers, so that an image is displayed on the liquid crystal
display apparatus.

[0403] The tilted angle of the liquid crystal molecules
varies according to the strength of the electric filed. If low
and high voltages are applied to the first and second sub
pixel electrodes, respectively, the voltage Va of the first
liquid crystal capacitor is higher than the voltage Vb of the
second liquid crystal capacitor. Therefore, the tilted angles
of the liquid crystal molecules in the first and second sub
pixels are different from each other. As a result, the birght-
nesses of the two sub pixel electrodes are different from each
other. Accordingly, by adjusting the voltage Va of the first
liquid crystal capacitor and the voltage Vb of the second
liquid crystal capacitor, the brightness of the image seen
from a side of the liquid crystal display apparatus can be
closest to the brightness of the image seen from a front of the
liquid crystal display apparatus, thereby improving the side
viewing angle.

[0404] The tilted angle for the liquid crystal molecules is
determined by a horizontal component of the electric field
generated from distortion of the electric field by the cutout
portion 71 to 745 and 91 to 94b of the electric field
generating electrodes 191 and 279 and slanted edges of the
pixel electrode 191. The horizontal component of the elec-
tric field is perpendicular to the edges of the cutout portions
71 to 74b and 91 to 945 and the slanted edges of the pixel
electrode 191.

[0405] Referring to FIG. 26, one cutout portion set of the
cutout portions 71 to 746 and 91 to 945 divide one pixel
electrode 191 into a plurality of sub areas having two slanted
primary edges. Since the tilted directions of the liquid crystal
molecules in the sub areas are determined by the horizontal
component of the electric field, the tilted directions of the
liquid crystal molecules include roughly four directions.

[0406] Further, as the liquid crystal molecules 31 can be
adjusted to have various tilted angles, the reference viewing
angle of the liquid crystal display apparatus can be
increased.

[0407] Inaddition, by providing the sawteeth to the side of
the pixel electrode 191 adjacent to the data line 171, the
secondary electric field generated between the adjacent pixel
electrodes 191 can control the alignment of the liquid crystal
molecules 31 in the sub areas. In addition, by providing the
connection portions 75 at the positions corresponding to the
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regions where the first slanted edges 904 of the adjacent two
pixel electrodes 191 face each other, the alignment of the
liquid crystal molecules 31 in the sub areas can be deter-
mined.

[0408] The shapes and arrangements of the cutout portions
71 to 745 and 91 to 945 for determining the tilted directions
of the liquid crystal molecules may be modified in various
manners. At least one of the cutout portions 71 to 745 and
91 to 945 may be replaced with a protrusion or a depression.
The protrusions may be made of an organic or inorganic
material and disposed above or under the electric field
generating electrodes 191 and 270.

[0409] In addition, if the area of the second sub pixel
electrode 1915 applied with a high voltage is designed to be
smaller than that of the first sub pixel electrode 191a,
distortion in a side viewing gamma curve can be reduced.
For example, if the area ratio of the first and second sub pixel
electrodes 191a and 1915 is about 2:1, the side viewing
gamma curve is closer than the front viewing gamma curve,
so that side visibility can be improved.

[0410] Now, a liquid crystal display apparatus according
to another exemplary embodiment of the present invention
will be described in detail with reference to FIGS. 28 to 30.

[0411] FIG. 28 is a view showing a layout of a liquid
crystal display apparatus according to another exemplary
embodiment of the present invention. FIG. 29 is a cross
sectional view showing the liquid crystal display apparatus
taken along line XXIX-XXIX of FIG. 28.

[0412] FIG. 30 is a cross sectional view showing the
liquid crystal display apparatus taken along line XXI-XXX
of FIG. 28.

[0413] Referring to FIGS. 28 to 30, the liquid crystal
display apparatus includes a thin film transistor panel 100
and a common electrode panel 200 which face each other
and a liquid crystal layer 300 interposed between the panels
100 and 200.

[0414] Firstly, the thin film transistor panel 100 will be
described in detail.

[0415] A plurality of gate conductors including a plurality
of gate lines 121 and a plurality of storage electrode lines
131 are disposed on an insulating substrate 110 made of a
transparent glass or a plastic material.

[0416] The gate lines 121 transmitting gate signals mainly
extend in the transverse direction. The gate lines 121 include
first and second gate electrodes 124a and 1245 which
protrude upwardly and end portions 129 which have wide
areas for connection to other layers or external driver
circuits.

[0417] The storage electrode lines 131 which are applied
with predetermined voltages extend substantially in parallel
to the gate lines 121. Each of the storage electrode lines 131
is disposed between adjacent two gate lines 121 and sepa-
rated by substantially the same distance from the two gate
lines 121. The storage electrode lines 131 include storage
electrodes 137 which are enlarged upwardly and down-
wardly and bar-shaped extension portions 139 which extend
from the storage electrodes 137 downwardly The storage
electrode 137 has the shape of a rectangle and is symmetri-
cally disposed with respect to the storage electrode line 131.
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The extension portion 139 extends to a portion near the first
gate electrode 124a. However, various shapes and arrange-
ment may be used for the storage electrode lines 131 and the
storage electrodes 137.

[0418] A gate insulating layer 140 made of a silicon nitride
SiN, or the like is formed on the gate conductors 121 and
131.

[0419] A plurality of island-shaped semiconductor mem-
bers 154a, 1545, 1574, and 15756 made of a hydrogenated
amorphous silicon or polysilicon are formed on the gate
insulating film 140. The semiconductor members 154a and
1545 are disposed on the gate electrodes 124a and 1245.

[0420] A plurality of island-shaped ohmic contacts 163a,
1635, 1654, 1655, 1674, and 1675 formed on semiconductor
members 154a, 1545, 157a, and 1575. The ohmic contacts
163a, 1635, 165a, 165, 167q, and 1675 may be made of
made of silicide or an n+hydrogenated amorphous silicon
which is heavily doped with n-type impurities such as
phosphorus (P). A pair of the ohmic contacts 163a and 1634
and a pair of the ohmic contacts 165a and 1654 are disposed
on the semiconductor members 154a and 1455, respectively.
A pair of the ohmic contacts 167a and 1675 are disposed on
the semiconductor members 157a and 1575, respectively.

[0421] A plurality of data conductors including a plurality
of data lines 171a and 1715 and a plurality of pairs of first
and second drain electrodes 1754 and 1755 are formed on
the ohmic contacts 1634, 1635, 1654, 1655, 1674, and 1675
and the gate insulating film 140.

[0422] The data lines 171a and 171b transmitting data
signals mainly extend in the longitudinal direction to inter-
sect the gate lines 121 and the storage electrode lines 131.
The data lines 171a and 1715 include a plurality of first and
second source electrodes 173a and 1734 which protrude
toward the first and second gate electrodes 1244 and 1245
and end portions 179a and 1796 which have wide areas for
connection to other layers or external driver circuits.

[0423] The first and second drain electrodes 175a and
1755 are separated from each other and from the data lines
171¢ and 171b. The first and second drain electrodes 175«
and 17556 face the source electrodes 173a and 1735 with
respect to the gate electrodes 124a and 1245 interposed
therebetween. The first and second drain electrodes 175¢
and 1756 include expansion portions 177« and 1775 which
have a shape of a wide rectangle at the one end thereof,
bar-shaped end portions 176a and 1765 at the other ends
thereof, and connection portions 176aa and 17655 connect-
ing the expansion portions 177a and 177b and the end
portions 176a and 1765. The expansion portions 177a and
177b overlap the storage electrode 137. The bar-shaped end
portions 176a and 1765 overlap the gate electrodes 124a and
1245 and are partially surrounded by the U-shaped source
electrodes 173¢ and 1735.

[0424] The connection portion 176aa of the first drain
electrode 1754 is mostly located on the extension portion
139. For example, the connection portion 176aa extends
along the extension portion 139 and is located within an
longitudinal boundary line of the extension portion 139. The
area of the expansion portion 1775 of the second drain
electrode 1755 is smaller than that of the expansion portion
177a of the first drain electrode 175a.
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[0425] The first/second gate electrode 124a (124b), the
first/second source electrode 173a (1735), and the first/
second drain electrode 175a (175b) together with the first
and second semiconductor members 154a (1545) constitute
first/second thin film transistor Qa (Qb). The channel of the
first/second thin film transistor Qa (Qb) is formed in the
first/second semiconductor member 154a (1544) between
the first/second source electrode 173a (1735) and the first/
second drain electrode 175a (175b).

[0426] The ohmic contacts 163a, 1635, 1654, 1655, 1674,
and 1675 are interposed only between the underlying semi-
conductor members 154a, 154b, 157q, and 157h and the
overlying data lines 171a and 1715 and the drain electrodes
175a and 1756 and have a function of reducing contact
resistance therebetween. The island-shaped semiconductor
members 154a and 154b have exposed portions which do
not cover regions between the source electrodes 1734 and
1735 and the drain electrodes 175a and 1755, the data lines
171a and 1715, and the drain electrodes 175a and 1755.

[0427] A protective layer (e.g., passivation layer) 180 is
formed on the data lines 171a and 1715, the drain electrodes
175a and 1755, and the exposed portions of the semicon-
ductor members 154a and 1545,

[0428] A plurality of contact holes 185a, 1855, 1824, and
1825 which expose the expansion portions 177a and 1776 of
the drain electrodes 175a and 1754 and the end portions
1794 and 17956 of the data lines 171a and 1715, respectively,
are formed on the protective layer 180. A plurality of contact
holes 181 which expose end portions 129 of the gate lines
121 are formed on the protective layer 180 and the gate
insulating layer 140.

[0429] A plurality of pixel electrodes 191 including first
and second sub pixel electrodes 191a and 1915 and a
plurality of contact assistants 81, 82a, and 824 are formed on
the protective layer 180. The components may be made of a
transparent conducive material such as, for example, ITO
and IZO or a reflective metal such as, for example, alumi-
num (Al), silver (Ag), chromium (Cr), and an alloy thereof.

[0430] The pixel electrode 191 has the shape of a rectangle
having four chamfered corners which has an angle of about
45° with respect to the gate lines 121.

[0431] A pair of the first and second sub pixel electrodes
191a and 1915 constituting the pixel electrode 191 are
engaged with each other with gaps 92 and 93 interposed
therebetween. The second sub pixel electrode 1915 has the
shape of an isosceles trapezoid of which the base is recessed
in the shape of a trapezoid. Also, most portions of the second
sub pixel electrode 1915 are surrounded by the first sub pixel
electrode 191a. The first sub pixel electrode 1914 includes
upper, lower, and central trapezoids which are connected to
each other at the left side.

[0432] The pixel electrode 191 has a pair of first primary
edges 193 and 194 facing each other and second primary
edges which are connected to the first primary edges 193 and
194 and include a plurality of sawteeth 90 and lower edges
90c connecting the sawteeth 90. Each of the sawteeth 90
includes first and second slanted edges 904 and 904 which
are slanted with respect to the first primary edges 193 and
194 and an upper edge 905. The first primary edges 193 and
194 are parallel to the gate lines 121. The first primary edges
193 and 194 and the second primary edges constitute an
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approximate rectangle. The pixel electrode 191 has the four
chamfered corners which has an angle of about 45° with
respect to the gate lines 121. The first slanted edge 90«
partially overlaps the data line 171. The first slanted edges
90a of the adjacent two pixel electrodes 191 are disposed to
face each other in parallel to each other.

[0433] The first sub pixel electrode 191a includes cutout
portions 94a and 945 which extend from an upper side of an
upper trapezoid and a lower side of a lower trapezoid toward
the right side thereof, respectively. A central trapezoid of the
first sub pixel electrode 1914 is inserted into a receded lower
side of the second sub pixel electrode 1915. In addition, the
first sub pixel electrode 191a includes a central cutout
portion 91 which has a transverse portion and a pair of
slanted portions connected thereto. The transverse portion
extends shortly along a transverse central line of the first sub
pixel electrode 191a. A pair of the slanted portions extend
from the transverse portion toward the left side of the first
sub pixel electrode 191a with an angle of about 45° with
respect to the storage electrode line 131. The gaps 92 and 93
between the first and second sub pixel electrodes 191a and
1915 include two pairs of upper and lower slanted portions
and a longitudinal portion which have an angle of about 45°
with respect to the gate lines 121.

[0434] The cutout portions 91 to 945 have an inversion
symmetry with respect to the storage electrode line 131. The
cutout portions 91 to 945 extend in perpendicular to each
other with slanted angles of about 45° with respect to the
gate lines 121. The pixel electrode 191 is divided into a
plurality of partitions by the cutout portions 91 to 945.

[0435] Accordingly, the upper and lower half regions with
respect to the storage electrode line 131 bisecting the pixel
electrode 191 in the transverse direction are divided into
four partitions by the cutout portions 91 to 945.

[0436] The number of the partitions and the number of the
cutout portions may vary according to design factors such
as, for example, the size of the pixel electrode 191, the ratio
of lengths of the transverse and longitudinal sides of the
pixel electrode 191, and the types or characteristics of the
liquid crystal layer 3.

[0437] The first and second sub pixel electrodes 191a and
1915 are connected to the first and second drain electrodes
175¢ and 1755 through the contact holes 1854 and 1855 and
applied with data voltages from the first and second drain
electrodes 175a and 175b. A pair of the sub pixel electrodes
191¢ and 1915 are applied with different predetermined data
voltages for one input image signal. The sizes of the data
voltages may be determined according to the areas and
shapes of the sub pixel electrodes 191a and 1915. In
addition, the areas of the sub pixel electrodes 191a and 1915
may be different from each other. For example, the second
sub pixel electrode 1914 has a higher voltage applied thereto
than applied to the first sub pixel electrode 191q, and the
area of the second sub pixel electrode 1915 may be smaller
than that of the first sub pixel electrode 191a.

[0438] The first/second sub pixel electrodes 191a (1915) is
physically and electrically connected to the first/second
drain electrodes 175a (175b) through the contact holes 185«
(1854) and has data voltages applied thereto from the first
and second drain electrodes 175a (1755). A pair of the sub
pixel electrodes 191a and 1915 have different predetermined
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data voltages for one input image signal applied thereto. The
sizes of the data voltages may be determined according to,
for example, the areas and shapes of the sub pixel electrodes
191a and 1915. In addition, the areas of the sub pixel
electrodes 191a and 1915 may be different from each other.
For example, the second sub pixel electrode 1915 may have
a higher voltage applied thereto than applied to the first sub
pixel electrode 191a, and the area of the second sub pixel
electrode 1915 may be smaller than that of the first sub pixel
electrode 191a.

[0439] The sub pixel electrodes 191a and 1915 having
data voltages applied thereto and the common electrode 270
having the common voltage applied thereto constitutes first
and second liquid crystal capacitors which sustain the
applied voltages after the thin film transistor turns off.

[0440] Each of the liquid crystal capacitors includes a
corresponding portion of the liquid crystal layer 3 as the
dielectric member.

[0441] The first and second sub pixel electrodes 191a and
1915 and the expansion portions 1774 and 1775 of the drain
electrodes 173a and 1735 electrically connected thereto
overlap the storage electrode 137, the extension portion 139,
and the storage electrode line 131 with the gate insulating
layer 140 interposed therebetween so as to constitute a
storage capacitor for strengthening a voltage storage capac-
ity of the liquid crystal capacitor.

[0442] The contact assistants 81, 82a, and 825 are con-
nected to the end portions 129 of the gate lines 121 and the
end portion 179 of the data line 171 through the contact
holes 181, 1824, and 1825, respectively.

[0443] Now, the common electrode panel 200 will be
described in detail.

[0444] A light blocking member 220 is formed on the
insulating substrate 210 made of a transparent glass or a
plastic material. The light blocking member 220 include
line-shaped portions corresponding to the data lines 171,
enlarged portions formed by enlarging some portions of the
light blocking member 220, and plane-shaped portions cor-
responding to the thin film transistors. The light blocking
member 220 prevents light leakage between the pixel elec-
trodes 191 and defining opening regions facing the pixel
electrodes. However, the light blocking member 220 may
further include a plurality of opening portions facing the
pixel electrodes 191 and having substantially the same shape
as the pixel electrodes 191.

[0445] A plurality of color filters 230 are formed on the
substrate 210. Most portions of the color filters 230 are
disposed in regions surrounded by the light-blocking mem-
ber 220. Also, the color filters 230 extend along rows of the
pixel electrodes 191 in the longitudinal direction. Each of
the color filters 230 can display one of primary colors such
as red, green, and blue.

[0446] A cover film 250 is formed on the color filters 230
and the light-blocking member 220. The cover film 250 may
be made of an (e.g, organic) insulating material. The cover
film 250 prevents the color filters 230 from being exposed
and provides a planarized surface. The cover film 250 may
be omitted.

[0447] A common electrode 270 is formed on the cover
film 250. The common electrode 270 is made of a transpar-
ent conductive material such as, for example, ITO and 1Z0.
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[0448] A plurality of cutout portions 71, 72, 73a, 73b, T4a,
74b, and 75 are formed on the common electrode 270.

[0449] One cutout portion set 71-75 faces one pixel elec-
trode 191 and includes a central cutout portion 71, first to
third lower slanted cutout portions 72, 734, and 74a, first to
third upper slanted cutout portions 72, 735, and 74b, and a
connection portions 75. The cutout portions 71, 72, 73aq,
73b, 74a, and 74b are disposed between the adjacent cutout
portions 91, 92, 93a, 935, 94a, and 945 of the pixel electrode
191 or between the cutout portions 91, 92, 934, 935, 944, an
94b and the chamfered edge of the pixel electrode 191. In
addition, each of the cutout portions 71, 72, 73a, 7356, T4a.
and 74b extends substantially in parallel to the lower cutout
portions 92, 934, and 94a or upper cutout portions 92, 935,
and 946 of the pixel electrode 191 and include at least one
slanted portion.

[0450] The first lower and upper slanted cutout portions 72
extend substantially from the right side to the left side of the
pixel electrode 191. The second lower and upper slanted
cutout portions 73a and 736 extend substantially from the
right side to the upper and lower left corners of the pixel
electrode 191, respectively. The third lower and upper
slanted cutout portions 74a and 745 extend substantially
from the right side to the lower and upper sides of the pixel
electrode 191, respectively. The third lower and upper
slanted cutout portions 74a and 74b include terminated
transverse portions which extend from the ends of the third
lower and upper slanted cutout portions 74a and 745 to
overlap the lower and upper sides of the pixel electrode 191.
The terminated transverse portions have an obtuse angle
with respect to the the slanted cutout portions 74a and 74b.

[0451] The central cutout portion 71 includes a central
transverse portion and a pair of slanted portions. The central
transverse portion extends substantially from the right side
of the pixel electrode 191 along the storage electrode line
131 in the left direction. A pair of the slanted portions extend
substantially in parallel to the lower and upper cutout
portions 72, 73a, 73b, 744, and 74b from the end of the
central transverse portion to the left side of the pixel
electrode 191.

[0452] One end of the one slanted portion of the central
cutout portion 71 and one end of the second lower cutout
portion 73a of the adjacent pixel electrode are connected
with one of the connection portions 75. Moreover, one end
of the other slanted portion of the central cutout portion 71
and t one end of the second upper cutout portion 734 of the
adjacent pixel electrode are connected with one of the
connection portions 75. In addition, one end of the first
lower slanted cutout portion 72 and one end of the third
lower slanted cutout portion 74a of the adjacent pixel
electrode are connected with one of the connection portions
75. Also, one end of the first upper slanted cutout portion 72
and one end of the third upper slanted cutout portion 745 of
the adjacent pixel electrode are connected with one of the
connection portions 75. The connection portions 75 are
parallel to the first slanted edges 90a of the pixel electrode
191 and located at portions corresponding to the data line
171. The width of the connection portions 75 is larger by
about 8 pum than the interval between the adjacent pixels
191. The enlarged portions 222 of the light blocking member
220 may have a width larger than the other portions corre-
sponding to the connection portions 75.
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[0453] Triangular-shaped notches 7 are formed in the
slanted portions of the cutout portions 71 to 74b. Alterna-
tively, the notches may have various shapes such as, for
example, rectangular, trapezoidal and semicircular shapes.
In addition, the notches may be formed in a shape of convex
or concave. Such notches control the alignment of the liquid
crystal molecules 3 located in boundary regions correspond-
ing to the cutout portions 71 to 74b.

[0454] The number and directions of the cutout portion 71
to 75 may vary according to design factors, and the light-
blocking member 220 overlaps the cutout portions 71 to 75
to prevent the light leakage in the vicinity of the cutout
portions 71 to 75.

[0455] Inaddition, by providing the sawteeth to the side of
the pixel electrode 191 adjacent to the data line 171, the
secondary electric field generated between the adjacent pixel
electrodes 191 can control the alignment of the liquid crystal
molecules 31 in the sub areas. In addition, by providing the
connection portions 75 at the positions corresponding to the
regions where the first slanted edges 90a of the adjacent two
pixel electrodes 191 face each other, the alignment of the
liquid crystal molecules 31 in the sub areas can also be
controlled.

[0456] Alignment films 11 and 21 are coated on inner
surfaces of the panels 100 and 200, respectively. The align-
ment films 11 and 21 may be a vertically-aligned film.
Polarizers are disposed on outer surfaces of the panels 100
and 200, respectively.

[0457] According to a liquid crystal display apparatus of
the exemplary embodiments of the present invention, lon-
gitudinal cutout portions among cutout portions of a com-
mon electrode are removed, so that the removed areas can be
used as a light transmitting area. In addition, since connec-
tion portions corresponding to gaps between the pixel elec-
trodes are provided to the common electrode, alignment of
liquid crystal molecules in sub pixel areas can be controlled
due to secondary electric fields, thereby reducing texture and
improving aperture ratio and transmittance of the liquid
crystal display apparatus.

[0458] Having described the exemplary embodiments of
the present invention, it is further noted that it is readily
apparent to those of reasonable skill in the art that various
modifications may be made without departing from the spirit
and scope of the invention which is defined by the metes and
bounds of the appended claims.

What is claimed is:
1. A display panel comprising:

a substrate; and

a pixel electrode disposed on the substrate and having a
pair of first primary edges facing each other and a pair
of second primary edges connected to the first primary
edges and facing each other,

wherein the second primary edges comprises a plurality of
protrusions of the pixel electrode having a sawteeth
shape.

2. A display panel comprising:

a substrate;

a plurality of gate lines disposed on the substrate;
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a plurality of data lines perpendicular to the gate lines;

a plurality of thin film transistors connected to the gate
lines and the data lines; and

a plurality of pixel electrodes connected to the thin film
transistors,

wherein each of the pixel electrodes comprises:

a pair of first primary edges parallel to the gate line and
facing each other; and

a pair of second primary edges connected to the first
primary edges and facing each other and comprises a
plurality of protrusions having a sawteeth shape.

3. The display panel of claim 1, wherein the pixel elec-
trode comprises a plurality of cutout portions which have a
slanted angle with respect to the first primary edges.

4. The display panel of claim 3, wherein each of the
protrusions comprises a first edge which has an angle
comprising one of about 135° or more or about 45° or less
with respect to the cutout portions.

5. The display panel of claim 4, wherein each of the
protrusions further comprises a second edge which is par-
allel to the cutout portions.

6. The display panel of claim 1, wherein an envelope of
the protrusions and the first primary edges constitute a
rectangle.

7. The display panel of claim 6, wherein at least one of
corners of the rectangle is a chamfered slanted edge.

8. The display panel of claim 7, wherein the chamfered
slanted edge of the rectangle has an angle of about 45° with
respect to the first primary edges.

9. The display panel of claim 2, wherein the protrusions
overlap the data lines.

10. The display panel of claim 2, wherein the protrusions
of the adjacent second primary edges of the adjacent pixel
electrodes are engaged with each other.

11. A liquid crystal display apparatus comprising;

a plurality of pixel electrodes;
a common electrode facing the pixel electrodes;

a liquid crystal layer interposed between the pixel elec-
trodes and the common electrode; and

a first and a second partition member dividing each of the
pixel electrodes into a plurality of sub areas,

wherein each of the sub areas comprises a pair of primary
edges and a plurality of secondary edges connected
thereto, and

wherein the primary edges of the two sub areas included
in the pixel electrodes are disposed to deviate from
each other.

12. The liquid crystal display apparatus of claim 11,
wherein the primary edges have a slanted angle with respect
to the first and second partition members.

13. The liquid crystal display apparatus of claim 11,
wherein at least one of the secondary edges of each of the
sub areas has an angle of about 135° or more with respect to
the primary edges.

14. The liquid crystal display apparatus of claim 11,

wherein the primary edges of each of the sub areas

comprise a first primary edge and a second primary
edge which is shorter than the first primary edge.
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15. The liquid crystal display apparatus of claim 11,

wherein the first partition member is disposed in each of
the pixel electrodes, and

wherein the second partition member is disposed in the
common electrode.

16. The liquid crystal display apparatus of claim 15,

wherein a portion of sides of the pixel electrode constitute
the secondary edge of each of the sub areas, and

wherein the second partition member is disposed not to
overlap a portion of the sides of the pixel electrodes
which constitute the secondary edge of each of the sub
areas.

17. The liquid crystal display apparatus of claim 15,
wherein the first and second partition members comprise
cutout portions.

18. The liquid crystal display apparatus of claim 15,
wherein the common electrode comprises connection cutout
portions which face gaps between the pixel electrodes.

19. The liquid crystal display apparatus of claim 18,
wherein the connection cutout portions connect adjacent
second partition members.

20. The liquid crystal display apparatus of claim 19,
wherein the connection cutout portions have an obtuse angle
with respect to the second partition members.

21. The liquid crystal display apparatus of claim 18,
wherein widths of the connection cutout portions are larger
than those of the gaps.

22. The liquid crystal display apparatus of one of claim
11, further comprising data lines which overlap the second-
ary edges of the sub areas.

23. The liquid crystal display apparatus of claim 22,
wherein the connection cutout portions face the data lines.

24. The liquid crystal display apparatus of claim 22,
further comprising a light blocking member which faces the
data lines.

25. The liquid crystal display apparatus of claim 31,

wherein a portion of the secondary edges of the sub areas
is disposed not to overlap the data lines, and

wherein the light blocking member further comprises an
expansion portion which covers the portion of the
secondary edges of the sub areas which is disposed not
to overlap the data lines.

26. The liquid crystal display apparatus of one of claim
11, wherein each of the pixel electrodes includes at least two
sub pixel electrodes which are physically separated from
each other by a portion of the second partition members.

27. The liquid crystal display apparatus of claim 26,

wherein the sub pixel electrodes of one pixel electrode are
connected to different data lines, and

wherein the sub pixel electrodes of one pixel electrode are
connected to the same gate line.

28. The liquid crystal display apparatus of claim 26,

wherein the sub pixel electrodes of one pixel electrode are
connected to different gate lines, and

wherein the sub pixel electrodes of one pixel electrode are
connected to the same data line.
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29. A liquid crystal display apparatus, comprising:
a first and a second substrate facing each other;

a plurality of pixel electrodes disposed on the first sub-
strate;

a common electrode disposed on the second substrate; and

a liquid crystal layer interposed between the first and the
second substrate,

wherein the common electrode comprises first cutout
portions facing gaps located between the adjacent pixel
electrodes.

30. The liquid crystal display apparatus of claim 29,
wherein the common electrode comprises second cutout
portions facing the pixel electrodes.

31. The liquid crystal display apparatus of claim 30,
wherein the first cutout portions connect the adjacent second
cutout portions.

32. The liquid crystal display apparatus of claim 30,
wherein the first cutout portions have an obtuse angle with
respect to the second cutout portions.

33. The liquid crystal display apparatus of claim 29,
wherein widths of the first cutout portions are larger than
those of the gaps.
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34. The liquid crystal display apparatus of claim 29,
wherein the pixel electrode includes third cutout portion
which are disposed with the first cutout portions.

35. The liquid crystal display apparatus of claim 29,
wherein the first substrate comprises:

a plurality of gate lines and a plurality of data lines which
are insulated from the first substrate and which intersect
each other;

a plurality of thin film transistors which are connected to
the gate and the data lines; and

a plurality of pixel electrodes which are connected to the
thin film transistors.

36. The liquid crystal display apparatus of claim 35,
wherein the gate lines have an angle of 45° with respect to
the first cutout portions.

37. The liquid crystal display apparatus of claim 36,
wherein the boundary line of the pixel electrode overlaps a
portion of the data line.

38. The liquid crystal display apparatus of claim 35,
wherein the first cutout portions face the data lines.
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