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(57) ABSTRACT

In an IPS mode LCD device and method, a plurality of
sub-blocks are utilized to maintain a maximum transmit-
tance even when a voltage above a predetermined value is
applied to the device. The IPS mode LCD device includes a
common electrode including a plurality of first segments and
a plurality of second segments to define a plurality of blocks,
wherein the plurality of first segments are formed substan-
tially parallel to the gate line in the pixel region, and the
plurality of second segments are formed substantially par-
allel to the data line, and connected to the first segments; and
a pixel electrode including a plurality of third segments and
at least one fourth segment, and being connected with a
drain electrode of the thin film transistor, wherein each of the
third segments is positioned between the first segments, and
the at least one fourth segment connects the third segments.
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IN-PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

[0001] This invention claims the benefit of the Korean
Application No. P2004-17631 filed on Mar. 16, 2004, which
is hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device. More particularly, the invention
relates to an In-Plane Switching mode liquid crystal display
(IPS mode LCD) device and a method for manufacturing the
same Lo maximize an aperture ratio.

[0004] 2. Discussion of the Related Art

[0005] Recently, liquid crystal display (LCD) devices
have been actively studied and researched because of its
advantageous characteristics such as high contrast ratio,
great gray level, high picture quality and low power con-
sumption. The LCD device is especially suitable for an
ultra-thin display device such as a wall-mountable televi-
sion. Also, the LCD device has attracted great attention as a
new display device that can be substitute for a CRT in that
the LCD device has thin profile, lightweight and low power
consumption. For example, the LCD device may be used for
a display of a notebook computer being operated by a
battery. Additionally, the LCD device fabricated as a small
panel may be widely used for a display of a mobile phone.

[0006] The LCD device has various modes according to
the properties of liquid crystal and pattern structures. More
specifically, the LCD device may be categorized into a
Twisted Nematic (TN) mode of controlling liquid crystal
director by applying a voltage after arrangement of liquid
crystal director twisted at 90°, a multi-domain mode of
obtaining a wide viewing angle by dividing one pixel into
several domains, an Optically Compensated Birefringence
(OCB) mode of compensating a phase change of light
according to a progressing direction of light by forming a
compensation film on an outer surface of a substrate, an
In-Plane Switching (IPS) mode of forming an electric field
substantially parallel to two substrates by forming two
electrodes on any one substrate, and a Vertical Alignment
(VA) mode of arranging a longitudinal (major) axis of liquid
crystal molecule vertical to a plane of an alignment layer by
using a negative type liquid crystal and a vertical alignment
layer.

[0007] Among the various types of LCD devices, the IPS
mode LCD device generally includes a color filter array
substrate, a thin film transistor TFT array substrate, and a
liquid crystal layer, wherein the color filter array substrate
and the thin film transistor array substrate are positioned to
oppose each other, and the liquid crystal layer is formed
between the two substrates. The color filter array substrate
includes a black matrix layer for preventing light leakage,
and an R/G/B color filter layer for realizing various colors on
the black matrix layer. Also, the thin film transistor TFT
array substrate includes gate and data lines crossing each
other to define a pixel region, a switching device formed at
a crossing point of the gate and data lines, and common and

1. Field of the Invention
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pixel electrodes alternately formed to generate an electric
field substantially parallel to the two substrates.

[0008] A related art IPS mode LCD device will be
described with reference to the accompanying drawings.
FIG. 1 is a plan view illustrating a related art IPS mode LCD
device. FIG. 2 is a cross sectional view of an IPS mode LCD
device along I-I' of FIG. 1. FIG. 3 is a voltage distribution
of an IPS mode L.CD device along II-II' of FIG. 1. FIG. 4A
and FIG. 4B are plan views illustrating an [PS mode LCD
device when a voltage is turned on/off. FIG. 5 is a graph
illustrating the voltage-transmittance (V-T) characteristics
of a related art IPS mode LCD device.

[0009] Hereinafter, the related art IPS mode LCD device
will be described with reference to FIG. 1 and FIG. 2. First,
a thin film transistor TFT array substrate 11 includes a gate
line 12, a data line 15, and a thin film transistor TFT. In this
state, a gate insulating layer 13 is interposed between the
gate line 12 and the data line 15, wherein the gate line 12 is
formed substantially perpendicular to the data line 15 to
define a unit pixel region. Also, the thin film transistor TFT
is formed at a crossing point of the gate line 12 and the data
line 15. The thin film transistor TFT is comprised of a gate
electrode 124, the gate insulating layer 13, a semiconductor
layer 14, and source/drain electrodes 15a/15b. The gate
electrode 12a extends from the gate line 12, and the gate
insulating layer 13 is formed on an entire surface of the thin
film transistor TFT array substrate 11 including the gate
electrode 12a. Also, the semiconductor layer 14 is formed on
the gate insulating layer 13 above the gate electrode 124.
Then, the source/drain electrodes 15a/15b, extending from
the data line 15, are overlapped with both sides of the
semiconductor layer 14.

[0010] In each pixel region, there are a common line 25,
a plurality of common electrodes 24, and a plurality of pixel
electrodes 17. The common line 25 is formed substantially
parallel to the gate line 12 within the pixel region. The
plurality of common electrodes 24, extending from the
common line 25, are formed substantially parallel to the data
line 15 within each pixel region. Also, the plurality of pixel
electrodes 17 are connected to the drain electrode 156 of the
thin film transistor TFT through a passivation layer 16 in
each pixel region, wherein each pixel electrode 17 alternates
with each common electrode 24 in parallel.

[0011] A color filter array substrate 21 includes a black
matrix layer 22, and a color filter layer 23 of red(R)/
green(G)/blue(B). The black matrix layer 22 is formed on
the color filter array substrate 21 corresponding to a remain-
ing portion of the substrate that does not include the pixel
region of the thin film transistor TFT array substrate 11, for
preventing light leakage. Also, the color filter layer 23 of
R/G/B is formed to correspond to the pixel region between
patterns of the black matrix layer 22, to display colors.

[0012] Next, the thin film transistor TFT array substrate 11
and the color filter array substrate 21 are bonded to each
other by a sealant (not shown) of an adhesive, and then a
liquid crystal layer 31 is formed between the thin film
transistor TFT array substrate 11 and the color filter array
substrate 21. In addition, alignment layers 30a and 30b are
formed on inner surfaces of the thin film transistor TFT array
substrate 11 and the color filter array substrate 21 having the
various patterns, thereby initially aligning liquid crystal
molecules of the liquid crystal layer 31.
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[0013] In the aforementioned IPS mode LCD device, the
common electrode 24 and the pixel electrode 17 are formed
on the same substrate, to align the liquid crystal molecules
in substantially parallel to the substrates. In this state, if a
voltage is applied between the two electrodes, an electric
field E generates substantially parallel to the substrates.
Accordingly, it is possible to decrease the change on bire-
fringence of the liquid crystal to a direction of viewing
angle, thereby realizing a wider viewing angle, as compared
with a related art TN mode LCD device.

[0014] Specifically, as shown in FIG. 3, if 6V is applied to
the common electrode 24, and OV is applied to the pixel
electrode 17, an equipotential surface is formed substantially
parallel to the electrodes at the portions right on the elec-
trodes, and the equipotential surface is formed in perpen-
dicular to the electrodes at the portion between the two
electrodes. Thus, since the electric field is perpendicular to
the equipotential surface, a horizontal electric field is formed
between the common electrode 24 and the pixel electrode
17, a vertical electric field is formed on the respective
electrodes, and both the horizontal and vertical electric fields
are complexly formed in the side of the electrodes.

[0015] An alignment of liquid crystal molecules in the
related art IPS mode LCD device is controlled with the
electric field. For example, as shown in FIG. 44, if a
sufficient voltage is applied to the liquid crystal molecules
32 initially aligned at a same direction as a transmission axis
of one polarizing sheet, long axes of the liquid crystal
molecules 32 are aligned substantially parallel to the electric
field. In case the dielectric anisotropy of liquid crystal is
negative, short axes of the liquid crystal molecules are
aligned substantially parallel to the electric field.

[0016] At this time, first and second polarizing sheets are
formed on outer surfaces of the thin film transistor TFT array
substrate and the color filter array substrate bonded to each
other, wherein the transmission axes of the first and second
polarizing sheets are positioned perpendicular to each other.
Also, the alignment layer is rubbed parallel to the transmis-
sion axis of one polarizing sheet, whereby it is displayed on
a normally black mode. In the case of a normally black
mode, if a voltage is not applied to the device, as shown in
FIG. 4A, the liquid crystal molecules 32 are maintained in
the initial alignment state, thereby displaying the black state.
In the meantime, as shown in FIG. 4B, if a voltage is applied
to the device, the liquid crystal molecules 32 are aligned in
parallel to the electric field, thereby displaying a white state.

[0017] When the liquid crystal molecules 32 are re-aligned
with being rotated at the direction of 45°, it is possible to
realize the maximum transmittance in the device. However,
if a high voltage above a predetermined value is applied to
the device, the liquid crystal molecules 32 are re-aligned at
the direction above 45°, so that the liquid crystal molecules
32 have the strong property for being aligned in parallel to
the horizontal electric field, thereby decreasing the trans-
mittance. That is, as shown in FIG. 5, on the assumption that
the maximum voltage applied to the IPS mode LCD device
is about 10V, the maximum transmittance is obtained when
6V is applied to the device, and the transmittance is lowered
when the voltage above 6V is applied to the device.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to an
IPS mode LCD device and a method for manufacturing the
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same that substantially obviates one or more problems due
to limitations and disadvantages of the related art.

[0019] An advantage of the present invention is to provide
an IPS mode LCD device and a method for manufacturing
the same, in which each pixel region includes a plurality of
sub-blocks defined by common and pixel electrodes, so that
it is possible to maintain a maximum transmittance even in
a case of applying a voltage above a predetermined value to
the device.

[0020] Additional advantages and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. These and other
advantages of the invention may be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0021] To achieve these advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, an IPS mode LCD device includes a gate
line and a data line crossing each other on a first substrate to
define a unit pixel region; a thin film transistor at a crossing
point of the gate line and the data line; a common electrode
including a plurality of first segments and a plurality of
second segments to define a plurality of blocks, wherein the
plurality of first segments are formed substantially parallel
to the gate line in the pixel region, and the plurality of
second segments are formed substantially parallel to the data
line and connected to the first segments; and a pixel elec-
trode including a plurality of third segments and at least one
fourth segment, and being connected with a drain electrode
of the thin film transistor, wherein each of the third segments
is positioned between the first segments, and the at least one
fourth segment connects the third segments.

[0022] In another aspect, a method for manufacturing an
IPS mode LCD device includes forming a gate line on a
substrate; forming a common electrode including a plurality
of first segments and a plurality of second segments in a
pixel region, wherein the plurality of first segments are
formed substantially parallel to the gate line, and the plu-
rality of second segments are formed substantially perpen-
dicular to the gate line and connected to the first segments;
forming a gate insulating layer on an entire surface of the
substrate including the gate line and the common electrode;
forming a semiconductor layer on the gate insulating layer;
forming a data line substantially perpendicular to the gate
line, and forming source/drain electrodes overlapped with
sides of the semiconductor layer; forming a passivation layer
on the entire surface of the substrate including the data line,
wherein the passivation layer has a contact hole on the drain
electrode; and forming a pixel electrode including a plurality
of third segments and at least one fourth segment on the
passivation layer connected with the drain electrode,
wherein each of the third segments is positioned between the
first segments, and the at least one fourth segment connects
the third segments.

[0023] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0025] FIG. 1 is a plan view illustrating a related art IPS
mode LCD device;

[0026] FIG. 2 is a cross sectional view of an IPS mode
LCD device along I-I' of FIG. 1,

[0027] FIG. 3 is a voltage distribution of an IPS mode
LCD device along II-IT' of FIG. 1;

[0028] FIG. 4A and FIG. 4B are plan views of an IPS
mode LCD device when a voltage is turned on/off;

[0029] FIG. 5 is a graph of illustrating the voltage-
transmittance (V-T) characteristics of a related art IPS mode
LCD device;

[0030] FIG. 6 is a plan view of an IPS mode LCD device
having an electrode of a grid structure according to the first
embodiment of the present invention;

[0031] FIG. 7A and FIG. 7B illustrate an operation of an
IPS mode LCD device having an electrode of a grid structure
according to the first embodiment of the present invention
when a voltage is turned off;

[0032] FIG. 8A and FIG. 8B illustrate an operation of an
IPS mode LCD device having an electrode of a grid structure
according to the first embodiment of the present invention
when a voltage is turned on;

[0033] FIG. 9 is a graph of illustrating the voltage-
transmittance (V-T) characteristics of an IPS mode LCD
device having an electrode of a grid structure according to
the first embodiment of the present invention;

[0034] FIG. 10 is a plan view of an IPS mode LCD device
according to the second embodiment of the present inven-
tion;

[0035] FIG. 11 is a cross sectional view of an IPS mode
LCD device along III-IIT' of FIG. 10;

[0036] FIG. 12A and FIG. 12C are plan views of process
steps for manufacturing an LPS mode LCD device accord-
ing to the second embodiment of the present invention;

[0037] FIG. 13 is a plan view of an IPS mode LCD device
according to the third embodiment of the present invention;

[0038] FIG. 14 is a plan view of an IPS mode LCD device
according to the fourth embodiment of the present invention;

[0039] FIG. 15 is a plan view of an IPS mode LCD device
according to the fifth embodiment of the present invention;

[0040] FIG. 16 illustrates an electric field formed between
electrodes of a grid structure according to fourth and fifth
embodiments of the present invention; and

[0041] FIG. 17 is a plan view of an IPS mode LCD device
according to a sixth embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0042] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0043] Hereinafter, a thin film transistor TFT array sub-
strate of an IPS mode LCD device according to the present
invention will be chiefly described with reference to the
accompanying drawings. FIG. 6 is a plan view of an IPS
mode LCD device having an electrode of a grid structure
according to the first embodiment of the present invention.
FIG. 7A and FIG. 7B illustrate an operation of an IPS mode
LCD device having an electrode of a grid structure accord-
ing to the first embodiment of the present invention when a
voltage is turned off. FIG. 8A and FIG. 8B illustrate an
operation of an IPS mode LCD device having an electrode
of a grid structure according to the first embodiment of the
present invention when a voltage is turned on. FIG. 9 is a
graph of illustrating the voltage-transmittance (V-T) char-
acteristics of an IPS mode LCD device having an electrode
of a grid structure according to the first embodiment of the
present invention.

[0044] An IPS mode LCD device having an electrode of a
grid structure according to the first embodiment of the
present invention will be described as follows. As shown in
FIG. 6, a plurality of gate lines 112 are formed along one
direction on a thin film transistor TFT array substrate, and a
plurality of data lines 115 are formed substantially perpen-
dicular to the gate lines 112, thereby defining a plurality of
pixel regions. Then, a thin film transistor TFT is formed at
a crossing point of the gate and data lines 112 and 115 in
each pixel region, wherein the thin film transistor TFT
switches a voltage. Also, a common electrode 124 is formed
diagonally and symmetric with a pixel electrode 117,
wherein the common electrode 124 and the pixel electrode

117 having a shape of “~” or “L_" are repetitively positioned
in a grid structure. Then, a common line 125 is additionally
formed to apply a common signal by connecting the com-
mon electrodes 124 of adjacent pixel regions.

[0045] Each pixel region may be divided into a plurality of
blocks 130 by the common electrode 124 and the pixel
electrode 117. More specifically, in each pixel region, the
common electrode 124 includes a plurality of first segments
1244 and a plurality of second segments 124b. The plurality
of first segments 124a are positioned at fixed intervals
substantially in parallel to the gate line 112. Also, the
plurality of second segments 124b are positioned substan-
tially parallel to the data line 115 and connected with the
plurality of first segments 124a. In the IPS mode LCD
device according to the first embodiment of the present
invention, the second segments 1245 are connected to both
sides in each first segment 124a. The second segment 124
of the pixel region adjacent to the data line 115 prevents light
from leaking in the edge of the data line 115.

[0046] Also, the pixel electrode 117 includes a plurality of
third segments 117a and at least one fourth segment 1175.
The plurality of third segments 1174 are formed substan-
tially parallel to the gate line 112, wherein each third
segment 117 is positioned between the first segments 124a
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of the common electrode 124. Also, at least one fourth
segment 117b or the third segment 117z is formed between
the second segments 124b in parallel, wherein the fourth
segment 117b connects the third segments 117a to one
another. The fourth segment 1175 of the pixel electrode 117
is connected to the drain electrode 115b of the thin film
transistor TFT, whereby the fourth segment 1175 receives a
pixel signal. The third/fourth segments 117a/117b of the
pixel electrode 117 are respectively positioned at a prede-
termined interval from the first/second segments 124a/124b
of the common electrode 124, in parallel. Accordingly, the
respective blocks 130 are defined by cross-arranging the
first/second segments 124a/124b of the common electrode
124 with the third/fourth segments 117a/117b of the pixel
electrode 117. Also, the respective blocks 130 may be
formed, for example, in a regular tetragonal shape or a
rectangular shape, wherein the respective blocks 130 have
the same size.

[0047] When the fourth segment 1176 of the pixel elec-
trode 117 is overlapped with the adjacent gate line 112, a
storage capacitor may be formed at the overlapped portion
of the gate line 112 and the pixel electrode 117. Also when
an additional storage electrode 126 is formed on the gate line
112, a storage capacitor may be formed in a method of
connecting the storage electrode 126 with the pixel electrode
117. The storage capacitor is comprised of a gate insulating
layer (not shown) interposed between the gate line 112 and
the storage electrode 126. In order to obtain more storage
capacitance, it is necessary to increase the area of the gate
line 112 and the storage electrode 126, whereby an aperture
ratio is lowered as much as the area of the gate line 112 and
the storage electrode 126 increases.

[0048] As a voltage is applied to the aforementioned [PS
mode LCD device according to the first embodiment of the
present invention, an electric field E is generated between
the common electrode 124 and the pixel electrode 117. For
example, if 6V is applied to the common electrode 124, and
0V is applied to the pixel electrode 117, an electric field E
is generated at an angle from the common electrode 124 to
the pixel electrode 117. That is, the electric field E is formed
at the direction of 45° or 135° with respect to the first
segment 124a of the common electrode 124 and the third
segment 117a of the pixel electrode 117.

[0049] Accordingly, as shown in FIG. 8A and FIG. 8B,
liquid crystal molecules 131 are re-aligned by the electric
field E. That is, the liquid crystal molecules 131 are re-
aligned at the direction of 45° (FIG. 8B) or 135° (FIG. 8A),
with respect to the first segment 124a of the common
electrode 124 and the third segment 1172 of the pixel
electrode 117. At this time, as shown in FIG. 7A and FIG.
7B, the liquid crystal molecules 131 are initially aligned at
the direction of the fourth segment 117b of the pixel elec-
trode 117 by an alignment layer (not shown). Also, the liquid
crystal molecules 131 may be initially aligned at the direc-
tion of the third segment 117a of the pixel electrode 117.
Thus, the liquid crystal molecules 131 are re-aligned at two
directions of 45° or 135°, so that it is possible to realize the
multi-domain effect by compensating viewing angles at
different directions.

[0050] In addition, the common electrode 124 and the
pixel electrode 117 are symmetrically positioned to have a
grid structure. Thus, even though a voltage above a prede-
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termined value is applied to the IPS mode LCD device, an
LCD panel maintains a high transmittance. That is, even if
the voltage above the predetermined value is applied to the
IPS mode LCD device, the liquid crystal molecules are
re-aligned at the direction of 45° or 135° since the electric
field E generated at the direction of 45° or 135° by the pixel
electrode 117 and the common electrode 124 having a shape

of “=” or “L.”. Accordingly, the liquid crystal molecules are
aligned at the direction of 45° or 135°, for obtaining the
maximum transmittance, even though a high voltage is
applied to the IPS mode LCD device. That is, the IPS mode
LCD device is maintained in a stable state for realizing the
maximum transmittance, even in a case of applying a
voltage above a predetermined value (FIG. 9).

[0051] The common electrode and the pixel electrode may
have the grid structure according to another method. FIG.
10 is a plan view of an IPS mode L.CD device according to
the second embodiment of the present invention. FIG. 11 is
a cross sectional view of an IPS mode LCD device along
[I-1IT of FIG. 10. FIG. 12A and FIG. 12C are plan views
of process steps for manufacturing an IPS mode L.CD device
according to the second embodiment of the present inven-
tion.

[0052] As shown in FIG. 10 and FIG. 11, an IPS mode
LCD device according to the second embodiment of the
present invention includes a plurality of gate lines 512 and
a plurality of data lines 515, wherein the plurality of gate
lines 512 are formed substantially perpendicular to the
plurality of data lines 515 on a thin film transistor TFT array
substrate, to define a plurality of pixel regions. In each pixel
region, there is a thin film transistor TFT, a common
electrode 524, and a pixel electrode 517. The thin film
transistor TFT is formed at a crossing point of the gate line
512 and the data line 515 for switching a voltage. Then, the
common electrode 524 divides each pixel region into a
plurality of blocks 530. Also, the pixel electrode 517 is
formed in a rectangular plus shape for being partially
overlapped with the common electrode 524. At this time, the
common electrode 524 is formed at an optimal interval from
the pixel electrode 517. To apply a common signal to the
common electrode 524 inside the pixel region, a common
line 525 is additionally formed for connection of the com-
mon electrodes 524 in the adjacent pixel regions. At this
time, the gate line 512, the common line 525 and the
common electrode 524 are formed on the same layer.

[0053] The thin film transistor TFT is formed of a gate
electrode 5124, a gate insulating layer 513, a semiconductor
layer 514, and source/drain electrodes 5154/515b, wherein
the thin film transistor TFT switches on/off the voltage
applied to the unit pixel region. At this time, the gate
electrode 512a is formed from a predetermined portion of
the gate line 512, and the gate insulating layer 513 is formed
on an entire surface of the substrate including the gate
electrode 5124. Then, an amorphous silicon (a-Si) layer and
an*a-Si layer are sequentially formed on the gate insulating
layer 513 above the gate electrode 5124, thereby forming the
semiconductor layer 514. Herein, the n*a-Si layer is formed
in a method of implanting impurity ions to amorphous
silicon. After that, the source/drain electrodes 515a/515b,
extending from the data line 515, are formed at both sides of
the semiconductor layer 514. The respective blocks 330 may
be formed in a regular tetragonal shape or a rectangular
shape, wherein the respective blocks 530 have the same size.
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The block 530 is formed by the pixel electrode 517 and the

common electrode 524 in shape of “=” or “L.” with the
respect to the respective blocks 530. As shown in FIG. 11,
the even or odd numbered blocks 530 are provided along a
horizontal direction according to the size of the pixel region.

[0054] More specifically, the common electrode 524 is
formed of a plurality of first segments 524a and a plurality
of second segments 524b/524¢. The plurality of first seg-
ments 524a are formed substantially parallel to the gate line
512. Also, the plurality of second segments 524b/524¢ are
formed substantially parallel to the data line 515, wherein
the second segments 524b/524¢ electrically connect the first
segments 524a to one another. The first segments 524a are
positioned substantially perpendicular to the second seg-
ments 524b/524c¢, thereby defining the plurality of blocks
530. Also, the second segments 524b are positioned at both
sides in each pixel region, and the second segment 524c is
positioned in the center of the pixel region.

[0055] In this state, the second segments 524b of the
common electrode 524, being positioned at both sides of the
pixel region, are overlapped with an adjacent data line 515,
thereby preventing light from leaking in the edge of the data
line 515, and improving an aperture ratio. Also, the second
segments 524b of the common electrode 524 are overlapped
with the pixel electrode 517 at a minimum, whereby the
overlapped portion between the second segment 524b and
the pixel electrode 517 has a smaller width than that in the
remaining portion of the second segment 524b not over-
lapped with the pixel electrode 517.

[0056] The pixel electrode 517 includes a plurality of third
segments 517a and a plurality of fourth segments 517b/
517c. At this time, each third segment 5174 is formed
between the first segments 5244 of the common electrode
524 in parallel. Also, the plurality of fourth segments
517b/517¢ are formed substantially parallel to the data line
515b to electrically connect the third segments 517a. The
fourth segment 517b is connected with two adjacent third
segments 5174, and the fourth segment 517b is overlapped
with the second segment 5245 of the common electrode 524.
Also, the fourth segment $17¢ is connected with the central
parts of the adjacent two third segments 5174, and the fourth
segment 517¢ is overlapped with the second segment 524¢
of the common electrode 524. The pixel electrode 517 is
connected with the drain electrode 515b of the thin film
transistor TFT, whereby the pixel electrode 517 receives a
specific pixel signal.

[0057] Also, the common electrode 524 is formed diago-
nally and symmetric with the pixel electrode 517, wherein
the common electrode 524 and the pixel electrode 517

having a shape of “=” or “L_" are repetitively positioned to
form a grid structure. As a voltage of a predetermined value
is applied between the common electrode 524 and the pixel
electrode 517, an electric field is formed at the direction of
45° or 135° Accordingly, liquid crystal molecules are
aligned at the direction of 45° or 135° even though a voltage
above a predetermined value is applied to the device. That
is, it is possible to maintain a maximum transmittance in the
device even if a high voltage is applied to the device.

[0058] The overlapped portion between the common elec-
trode 524 and the pixel electrode 517 forms a storage
capacitor, wherein the common electrode 524 functions as a

Sep. 22, 2005

capacitor lower electrode, and the pixel electrode 517 func-
tions as a capacitor upper electrode that is insulated from the
common electrode 524. At this time, an insulating layer is
formed between the common electrode 524 and the pixel
electrode 517, wherein the insulating layer is comprised of
the gate insulating layer 513 formed on an entire surface of
the substrate including the gate line 512, and a passivation
layer 516 formed on the entire surface of the substrate
including the data line 515.

[0059] That is, all the portions overlapped between the
common electrode 524 and the pixel electrode 517 serve as
the storage capacitor. Thus, there is no requirement for
forming an additional storage electrode above the gate line
512 to form the additional storage capacitor. Even though
the storage electrode is formed above the gate line 512 to
obtain more storage capacitance, it is not necessary to
provide the large storage electrode since a storage capaci-
tance is generated by the overlapped portion between the
common electrode 524 and the pixel electrode 517. Accord-
ingly, it is possible to prevent the decrease on aperture ratio
since there is no requirement for the increasing the area of
the gate line to obtain the more storage capacitance.

[0060] Although not shown, the thin film transistor TET
array substrate is positioned opposite to another color filter
array substrate, and then the two substrates are bonded to
each other. In this case, first and second polarizing sheets are
formed on outer surfaces of the thin film transistor TFT array
substrate and the color filter array substrate. The TFT array
substrate and the color filter array are bonded to each other,
wherein the transmission axes of the first and second polar-
izing sheets are substantially perpendicular to each other. In
addition, alignment layers are formed on inner surfaces of
the thin film transistor TFT array substrate and the color
filter array substrate. The alignment layers are aligned in
parallel to the gate line or the data line, and the alignment
layers are rubbed at the same direction as the polarizing axis
of the first or second polarizing sheet.

[0061] A method for manufacturing the IPS mode LCD
devices according to the first and second embodiments of the
present invention will be described as follows. The IPS
mode LCD devices according to the first and second
embodiments of the present invention have the same struc-
ture except the shapes of the common electrode and the pixel
electrode. Thus, the manufacturing method will be described
with reference to the IPS mode LCD device according to the
second embodiment of the present invention.

[0062] As shown in FIG. 12A, a metal layer having low
resistivity, for example, copper Cu, aluminum Al, aluminum
neodymium AINd, molybdenum Mo, chrome Cr, titanium
Ti, tantalum Ta or molybdenum-tungsten MoW, is deposited
and patterned on the thin film transistor TFT array substrate
to prevent a signal delay, thereby forming the plurality of
gate lines 512, the common line 525, and the common
electrode 524. At this time a predetermined portion of the
gate line 512 functions as the gate electrode. The common
line 525 is formed substantially parallel to the gate line 512.
Also, the common electrode 524, extending from the com-
mon line 525, is formed to have the structure (the plurality
of first and second segments) explained in FIG. 6 and FIG.
10, whereby one pixel region is divided into the plurality of
blocks 530. In this case, each block 530 may be formed in
a regular tetragonal shape or a rectangular shape, wherein
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the block 530 has a size corresponding to the designing rule
for optimal interval between the electrodes. Also, the over-
lapped portion between the second segment 5245 of the
common electrode 524 and the pixel electrode 517 has a
smaller width than that in the remaining portion of the
second segment 524b not overlapped with the pixel elec-
trode 517. Thus, the second segment 524b of the common
electrode 524 is overlapped with the pixel electrode 517 at
a minimum of bonding margin.

[0063] Next, an inorganic insulating layer such as silicon
oxide SiO, or silicon nitride SiN_ is deposited on the entire
surface of the substrate including the gate line 512 by
PECVD (Plasma Enhanced Chemical Vapor Deposition),
thereby forming the gate insulating layer (‘513’ of FIG. 11).
Subsequently, amorphous silicon (a-Si:H) is deposited on
the entire surface of the substrate including the gate insu-
lating layer at a high temperature, and then the deposited
amorphous silicon is patterned, whereby an island-shaped
semiconductor layer 514 is formed on the gate insulating
layer above the gate electrode. In addition, an overcoat layer
may be formed on the semiconductor layer 514, to decrease
the contact resistance to the source/drain electrodes. At this
time, the overcoat layer may be formed of the amorphous
silicon doped with impurities.

[0064] As shown in FIG. 12B, a metal layer such as
copper Cu, aluminum Al, aluminum neodymium AINd,
molybdenum Mo, chrome Cr, titanium Ti, tantalum Ta or
molybdenum-tungsten MoW is deposited on the entire sur-
face of the substrate including the semiconductor layer 514,
and then the deposited metal layer is patterned, thereby
forming the plurality of data lines 515 and the source/drain
clectrodes 515¢/515b. In this case, the data line 515 is
formed substantially perpendicular to the gate line 512 to
define the unit pixel region. Also, the source/drain electrodes
515a/515b are formed at both sides of the semiconductor
layer 514. Thus, it is possible to form the thin film transistor
TFT including the gate electrode, the gate insulating layer,
the semiconductor layer 514 and the source/drain electrodes
515a/515b, for switching on/off the voltage applied to the
unit pixel region. Next, an organic insulating layer, for
example, BCB (BenzoCycloButene) or acrylic resin, may be
coated on the entire surface of the substrate including the
data line 515, or an inorganic insulating layer, for example,
SiN,, or SiO,, may be deposited on the entire surface of the
substrate including the data line 515, thereby forming the
passivation layer (‘516° of FIG. 11). Then, a contact hole
518 is formed by partially removing the passivation layer,
wherein the drain electrode 515b is exposed by the contact
hole 518.

[0065] As shown in FIG. 12C, a transparent conductive
material layer of ITO (Indium-Tin-Oxide) or IZO (Indium-
Zinc-Oxide) is deposited and patterned on the entire surface
of the substrate including the passivation layer, thereby
forming the pixel electrode 517 for being electrically con-
nected with the drain electrode 515b through the contact
hole 518. At this time, the pixel electrode 517 is formed to
have the structure (the plurality of third and fourth seg-
ments) explained in FIG. 6 and FIG. 10. Accordingly, an
edge in each block 530 is formed of the common electrode
524 and the pixel electrode 517 having a shape of “=” or
“L”. In this case, the overlapped portion between the
common electrode 524 and the pixel electrode 517 forms the
storage capacitor Cst.
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[0066] Then, alignment layers are formed on the inner
surfaces of the thin film transistor TFT array substrate and
the color filter array substrate, and the alignment layers are
rubbed. At this time, the rubbing direction is the initial
alignment direction of the liquid crystal, wherein the align-
ment layers are rubbed in the horizontal direction or the
vertical direction. After that, the thin film transistor TFT
array substrate and the color filter array substrate are bonded
to each other, and the liquid crystal layer is formed between
the thin film transistor TFT array substrate and the color
filter array substrate. The bonded substrates are cleaned, and
then the first and second polarizing sheets are respectively
adhered on the outer surfaces of the thin film transistor TFT
array substrate and the color filter array substrate. In this
state, the polarizing axes of the first and second polarizing
sheets are perpendicular to each other, and any one polar-
izing axis is formed at the same direction as the initial
alignment of the liquid crystal molecules.

[0067] However, the IPS mode LCD device having the
electrode of the grid structure according to the first and
second embodiments of the present invention has the fol-
lowing characteristics. That is, as the interval between the
common electrode (124 or 524) and the pixel electrode (117
or 517) increases, the electric field becomes weak. As the
interval between the common electrode and the pixel elec-
trode decreases, the number of electrodes relatively
increases, whereby the aperture ratio becomes low. In this
respect, it is necessary to provide the appropriate interval
between the common electrode and the pixel electrode, so
that the width of the block (130 or 530) has the proper size
according to the designing rule for the optimal interval
between the electrodes. Since the size of the pixel region
varies based upon the model of the LCD device, it optimal
arrangement of the blocks may be difficult. In this case, the
second segments (124b or 524b) of the common electrode
(124 or 524) are formed at both sides in each pixel region,
and the fourth segment (1175 or 117¢) of the pixel electrode
(117 or 517) is interposed between the second segments
(124b or 524b) of the common electrode (124 or 524) in
parallel. As a result, the number of blocks, arranged along a
horizontal direction of the pixel region, is limited to the even
numbers. When applying the optimal interval between the
electrodes, the even numbered blocks are formed along the
horizontal direction of the pixel region. In this case, if there
are the remaining portions in the pixel region, the aperture
ratio is lowered due to the remaining portions in the pixel
region. Accordingly, there is a requirement for forming odd
numbered blocks as well as the even numbered blocks in the
pixel region to optimize the aperture ratio of the device.

[0068] Hereinafter, an IPS mode LCD device according to
the third embodiment of the present invention will be
described as follows. FIG. 13 is a plan view of an IPS mode
LCD device according to the third embodiment of the
present invention. As shown in FIG. 6 or FIG. 10, if the
pixel region is small, the two blocks are arranged along the
horizontal direction of the pixel region. As shown in FIG.
13, if the pixel region is larger, then three blocks may be
arranged along the horizontal direction of the pixel region.
Furthermore, if the pixel region is larger than the pixel
region shown in FIG. 13, a plurality of blocks may be
arranged along the horizontal direction of the pixel region.
The number of blocks arranged along the horizontal direc-
tion of the pixel region is determined according to the model
of the LCD device. That is, even though the pixel region
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varies in size, it is possible to efficiently arrange the blocks
in the pixel region by applying the optimal designing rule.
Thus, there are no remaining portions in the pixel region,
thereby obtaining the high aperture ratio.

[0069] The IPS mode LCD device according to the third
embodiment of the present invention is similar in structure
to the IPS mode LCD device according to the second
embodiment of the present invention except that odd num-
bered blocks 530 are arranged along the horizontal direction
of the pixel region. That is, a common electrode 524
includes a plurality of first segments 5244 and a plurality of
second segments 524b/524¢. The plurality of first segments
524g are formed substantially parallel to a gate line 512.
Also, the plurality of second segments 524b/524c are
formed substantially parallel to a data line 515, wherein the
second segments 524b/524c electrically connect the first
segments 524a. The second segments 524b are positioned at
both sides in each pixel region, whereby the second seg-
ments 524b are connected with both sides of the first
segment 524a. Also, the second segments 524c¢ are formed
in the center of the pixel region and connected with the first
segments 524a. The plurality of first segments 524a are
formed substantially perpendicular to the plurality of second
segments 524b/524c, thereby defining a plurality of blocks
530. In order to define the odd numbered blocks along the
horizontal direction of the pixel region, the even numbered
second segments 524c¢ are formed in the pixel region.

[0070] In the meantime, a pixel electrode 517 includes a
plurality of third segments 5172 and a plurality of fourth
segments 517b/517¢. The plurality of third segments 5174
are formed substantially parallel to the first segments 524a
of the common electrode 524, wherein each third segment
517a is positioned between the first segments 524a of the
common electrode 524. Also, the plurality of fourth seg-
ments 517b/517¢ are formed substantially parallel to the
data line 515b to electrically connect the third segments
517a. The fourth segment 5175 is connected with the two
adjacent third segments 517a, and the fourth segment 517b
is overlapped with the second segment 524b of the common
electrode 524. Also, the fourth segment 517c¢ is connected
with the central parts in the two adjacent third segments
517a, and the fourth segment 517c¢ is overlapped with the
second segment 524¢ of the common electrode 524. That is,
the pixel electrode 517 is formed in zigzag by the third
segment 517 and the fourth segment 517b, and the fourth
segment 517¢ is arranged in zigzag for being overlapped
with one of the second segments 524c.

[0071] Accordingly, the odd numbered blocks 530 are
arranged along the horizontal direction of the pixel region by
the first and second segments 524a/524b/524c¢ of the com-
mon electrode 524. Also, the pixel electrode 517 is partially
overlapped with the predetermined portion of the common
electrode 524, so that each block has an edge formed from
the pixel electrode 517 in shape of “=” or “L.”. Furthermore,
as illustrated in the drawings for explaining the third
embodiment of the present invention, the same or like parts
as those in the second embodiment of the present invention
will be referred to as the same reference numbers.

[0072] FIG. 14 is a plan view of an IPS mode LCD device
according to the fourth embodiment of the present invention.
FIG. 15 is a plan view of an IPS mode L.CD device
according to a fifth embodiment of the present invention.
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FIG. 16 illustrates an electric field formed between elec-
trodes of a grid structure according to the fourth and fifth
embodiments of the present invention. FIG. 17 is a plan
view of an IPS mode LCD device according to the sixth
embodiment of the present invention.

[0073] In the IPS mode LCD device having the electrode
of the grid structure according to the first embodiment of the
present invention, it has the problem of the slightly low
transmittance. That is, as shown in FIG. 6, in case of the I[PS
mode LCD device according to the first embodiment of the
present invention, an equipotential surface is generated at
the corner where the common electrode 124 and the pixel
electrode 117 are bent. At the corner of the block, the
common electrode 124 is distant from the pixel electrode
117, so that the electric field becomes weak. As a result, it
is difficult to control the liquid crystal molecules in the
desired direction, whereby the transmittance of the device is
lowered. Also, even though the electric field is formed at the
direction of 45°, it has the problem of controlling the
rotation of the liquid crystal molecules positioned adjacent
to the alignment layer to the desired direction, due to the
anchoring effect on the surface of the alignment layer. Thus,
it is necessary to apply a high voltage to obtain the average
rotation radius of the liquid crystal molecules close to 45°.
In an experiment when 7V was applied, the mode efficiency
of the LCD device is about 73.4%. Accordingly, to improve
the electric field effect at the corner where the electrode is
bent, as shown in FIG. 14, an IPS mode LCD device
according to the fourth embodiment of the present invention
has a pixel electrode 1117 having one inclined side so that
a common electrode 1124 is positioned close to the pixel
electrode 1117 at the corner.

[0074] In each pixel region, the common electrode 1124
includes a plurality of first ssgments 1124a and a plurality of
second segments 1124b. The plurality of first segments
11244 are formed at fixed intervals in parallel to a gate line
1112. Also, the plurality of second segments 1124b are
formed in parallel to a data line 1115, wherein the plurality
of second segments 11245 are connected with the first
segments 1124a. In the IPS mode LCD device according to
the fourth embodiment of the present invention, the two
second segments 1124b are connected with both sides of the
first segment 1124a. Then, the pixel electrode 1117 includes
a plurality of third segments 11174 and at least one fourth
segment 1117b. The third segments 1117z are formed in
parallel to the gate line 1112, wherein each third segment
11174 is positioned between the respective first segments
1124 of the common electrode 1124. Also, at least one
fourth segment 1117b connects the third segments 11174 to
one another, and the fourth segment 11176 is formed
between the second segments 11245 in parallel. In this state,
the third segment 11174 of the pixel electrode 1117 has the
widest central part being connected with the fourth segment
1117b. That is, as the third segment 1117a of the pixel
electrode 1117 goes to the both end parts, the third segment
1117a of the pixel electrode 1117 becomes narrower.

[0075] Accordingly, the fourth segment 11175 of the pixel
electrode 1117 is positioned between the second segments
11245 of the common electrode 1124. Also, the third seg-
ment 1117z of the pixel electrode 1117 may be formed in a
diamond pattern between the first segments 1124a of the
common electrode 1124. The IPS mode LCD device accord-
ing to the fourth embodiment of the present invention is
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similar in structure to the IPS mode LCD device according
to the first embodiment of the present invention. Also, in a
case of the IPS mode L.CD device according to the second
embodiment of the present invention, the electric field is
weak since the common electrode 524 is distant from the
pixel electrode 517 at the corner. Thus, the transmittance of
the device may be lowered since it is difficult to control the
rotation of the liquid crystal molecules to the desired direc-
tion. Accordingly, when the pixel electrode has one inclined
side, the area of the inclined corner is minimized, thereby
improving the electric field effect and the aperture ratio.

[0076] Hereinafter, an IPS mode LCD device according to
the fifth embodiment of the present invention will be
described as follows. As shown in FIG. 15, a plurality of
gate lines 1512 and a plurality of data lines 1515 are formed
on a substrate, wherein each gate line 1512 is positioned in
perpendicular to each data line 1515 to define a pixel region.
Then, a thin film transistor TFT is formed at a crossing point
of the gate line 1512 and the data line 1515, wherein the thin
film transistor TFT is comprised of a semiconductor layer
1514, and source/drain electrodes 1515a/1515b. Also, a
common electrode 1524 is formed in each pixel region,
wherein the common electrode 1524 divides each pixel
region into blocks in a matrix type. In addition, a pixel
electrode 1517, having an inclined part for defining sub-
blocks 1530 by dividing the block, is formed wherein the
pixel electrode 1517 is partially overlapped with the com-
mon electrode 1524, thereby forming a storage capacitor.

[0077] More specifically, the common electrode 1524
includes a plurality of first segments 1524 and a plurality
of second segments 1524bH/1524c¢. At this time, the plurality
of first segments 1524a are formed in parallel to the gate line
1512. Also, the plurality of second segments 1524b/1524¢
are formed in parallel to the data line 1515, wherein the
second segments 1524b/1524c electrically connect the first
segments 1524q. In this state, the plurality of first segments
1524 are formed in perpendicular to the plurality of second
segments 1524b/1524¢, thereby defining the plurality of
blocks. The second segments 1524b are formed at both sides
in each pixel region, and the second segment 1524¢ is
formed in the central part of the pixel region.

[0078] In this case, the second segments 1524b of the
common electrode, positioned at both sides in each pixel
region are overlapped with the adjacent data line 1515,
thereby preventing the light leakage in the edge of the data
line 1515, and improving the aperture ratio. Also, the second
segments 1524b of the common electrode 1524 are posi-
tioned at both sides in each pixel region such that the
overlapped portion between the second segment 1524b of
the common electrode 1524 and the pixel electrode 1517 is
maintained at a minimum, whereby the overlapped portion
between the second segment 1524b and the pixel electrode
1517 has a smaller width than that in the remaining portion
of the second segment 1524b not overlapped with the pixel
electrode 1517.

[0079] The pixel electrode 1517 includes a plurality of
third segments 15174 and a plurality of fourth segments
15175/1517¢. At this time, the plurality of third segments are
formed perpendicular to the first segments 1524a, wherein
each third segment 1517q¢ is formed between the first
segments 15244 of the common electrode 1524. Also, the
plurality of fourth segments 1517b/1517¢ are formed in

Sep. 22, 2005

parallel to the data line 1515, wherein the fourth segments
1517b/1517¢ electrically connect the third segments 15174.
In this state, the fourth segment 1517b is connected with the
two adjacent third segments 1517¢, and the fourth segment
1517b is partially overlapped with the second segment
15245 of the common electrode 1524. When the fourth
segment 1517¢ is connected to the central parts in the two
adjacent third segments 15174, the fourth segment 1517¢ is
overlapped with the second segment 1524¢ of the common
electrode 1524. In this state, the third segment 1517a is
formed to have an inclined shape having a constant width.
That is, the first segment 15244 of the common electrode
1524 is formed in perpendicular to the second segment
15245 of the common electrode 1524, thereby defining the
rectangular block. Thus, the second segment 1524b prevents
the light from leaking in the edge of the data line 15185.

[0080] The third segment 1517a of the pixel electrode
1517 is slantingly formed to divide the block into the
trapezoidal sub-blocks 1530. That is, the sub-blocks 1530
are formed in a trapezoidal shape, i.c., the first and second
segments 1524a/1524b/1524c¢ of the common electrode
1524 are formed at an angle of 90°, and the third and fourth
segments 1517a/1517b/1517¢ of the pixel electrode 1517
are formed at the angle above 90°. Also, the trapezoidal
sub-blocks 1530 are symmetric with respect to the common
electrode 1524.

[0081] As shown in FIG. 16, when a voltage of a prede-
termined value is applied to the common electrode 1524 and
the pixel electrode 1517, the electric field E is formed at a
direction to realize the maximum transmittance. In this state,
even if a voltage above the predetermined value is applied
to the common electrode 1524 and the pixel electrode 1517,
the direction of the electric field E is constant. Accordingly,
it is possible to maintain the maximum transmittance even in
a case of applying the high voltage to the common electrode
1524 and the pixel electrode 1517. Also, the third segment
1517a of the pixel electrode 1517 is formed slantingly, so
that the interval between the common electrode 1524 and the
pixel electrode 1517 becomes shorter, thereby maximizing
the electric field effect. In addition, as the equipotential area
of the corner decreases, it is possible to increase the average
rotation radius of liquid crystal director, thereby improving
the transmittance of the LCD device. Thus, if, for example,
the pixel electrode is formed slantingly, when a voltage of
7V is applied, the efficiency of the mode device goes up to
83.2%.

[0082] Also, the respective sub-blocks 1530 have the
different electric field directions, so that liquid crystal mol-
ecules are re-aligned at the different directions, thereby
realizing the multi-domain effect by compensating a main
viewing angle. Then, the overlapped portion between the
common electrode 1524 and the pixel electrode 1517 forms
a storage capacitor by the common electrode 1524 and the
pixel electrode 1517, wherein the common electrode 1524
functions as a capacitor lower electrode, and the pixel
electrode 1517 functions as a capacitor upper electrode that
is insulated from the common electrode 1524. The IPS mode
LCD device according to the fifth embodiment of the present
invention is similar in structure to the IPS mode LCD device
according to the second embodiment of the present inven-
tion. Meanwhile, in a case of the IPS mode LCD device
according to the third embodiment of the present invention
explained with reference to FIG. 13, since the common
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electrode 524 is distant from the pixel electrode 517 at the
corner, the electric field is weak so that the transmittance of
the device may be lowered in that it is difficult to control the
rotation of the liquid crystal molecules to the desired direc-
tion. Accordingly, in a state the pixel electrode has one
inclined side, the area of the inclined comer is minimized,
thereby improving the electric field effect and the aperture
ratio. Hereinafter, an IPS mode LCD device according to the
sixth embodiment of the present invention will be described
as follows.

[0083] As shown in FIG. 17, common and pixel elec-
trodes are formed by a combination of FIG. 13 and FIG. 15
to form odd numbered sub-blocks 1530 along the horizontal
direction of the pixel region. That is, the odd numbered
sub-blocks 1530 of a rectangular shape are formed along the
horizontal direction of the pixel region by crossing first and
second segments 1524a/1524b/1524c¢ of the common elec-
trode 1524 to each other. Also, a third segment 15174 of the
pixel electrode 1517 is positioned between the first segments
15244 of the common electrode 1524. In addition, the third
segment 1517a of the pixel electrode 1517 is overlapped
with the second segments 1524b5/1524¢ of the common
electrode 1524. Then, fourth segments 15175/1517¢ of the
pixel electrode 1517 are formed to connect the adjacent third
segments.

[0084] The third segment 15172 of the pixel electrode
1517 has a slanting shape with respect to a point being
connected with the fourth segment 1517b/1517¢. Accord-
ingly, each sub-block has the edge formed by the common

electrode 1524 in a shape of “~” or “L< and the pixel
electrode 1517 formed at the angle above 90°. The inclined
third segment 15174 is interposed between the first segments
1524a of the common electrode 1524 to divide each block
into the sub-blocks 1530. Also, the fourth segments 15175/
1517¢ are formed in shape of connecting the third segments
1517a in zigzag.

[0085] Inthe IPS mode L.CD devices according to the fifth
and sixth embodiments of the present invention, the number
of sub-blocks arranged along the horizontal direction of the
pixel region may be varied according to the size of the pixel
region. That is, in case the pixel region is small, as shown in
FIG. 15, the two sub-blocks 1530 are arranged along the
horizontal direction of the pixel region. If the pixel region is
large, as shown in FIG. 17, the three sub-blocks 1530 are
arranged along the horizontal direction of the pixel region.
Furthermore, if the pixel region is larger than one shown in
FIG. 17, a plurality of blocks are arranged along the
horizontal direction of the pixel region. Thus, the number of
sub-blocks, arranged along the horizontal direction of the
pixel region may be determined according to the model of
the LCD device.

[0086] As described above, the IPS mode LCD device and
the method for manufacturing the same have the following
advantages.

[0087] In the IPS mode LCD device according to the
present invention, the plurality of blocks are defined in each
pixel region by the common electrode and the pixel elec-
trode. Thus, even though a voltage above the predetermined
value is applied to the device, it is possible to stably maintain
the maximum transmittance.

[0088] Also, the segments of the common electrode are
arranged at both sides in the pixel region, and the optimal
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interval is maintained between the common electrode and
the pixel electrode so that it is possible to arrange odd or
even numbered blocks in the pixel region according to the
size of the pixel region. Accordingly, even though the pixel
region varies in size, it is possible to realize high aperture
ratio by the optimal designing rule.

[0089] In addition, the pixel region has the inclined side,
whereby the corner where the pixel electrode is bent has the
angle inclined gently. As a result, the equipotential area is
minimized at the corner, thereby increasing the average
rotation radius of the liquid crystal director. Also, since the
pixel electrode has the inclined side, it is possible to
decrease the interval between the common electrode and the
pixel electrode, thereby maximizing the electric field effect.
Accordingly, it is possible to improve the transmittance in
the LCD panel.

[0090] Furthermore, the pixel electrode has the inclined
side having the constant width, to form the inclined corner,
so that the area of the pixel electrode is decreased, thereby
improving the aperture ratio.

[0091] Also, the storage capacitance generates by the
overlapped portion between the common electrode and the
pixel electrode. In this respect, there is no requirement for
providing the additional storage capacitor on the gate line, or
for increasing the area of the capacitor electrode to obtain
more capacitance. Accordingly, it is possible to prevent the
aperture ratio from being lowered by the additional storage
capacitor.

[0092] The respective blocks have the different electric
field directions, so that the liquid crystal molecules are
re-aligned at the different directions, thereby obtaining the
multi-domain effect by compensating the viewing angle.

[0093] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. An IPS mode LCD device, comprising:

a gate line and a data line crossing each other on a first
substrate to define a unit pixel region;

a thin film transistor at a crossing point of the gate line and
the data line;

a common electrode including a plurality of first segments
and a plurality of second segments to define a plurality
of blocks, wherein the plurality of first segments are
formed substantially parallel to the gate line in the pixel
region, and the plurality of second segments are formed
substantially parallel to the data line and connected to
the first segments; and

a pixel electrode including a plurality of third segments
and at least one fourth segment, and being connected
with a drain electrode of the thin film transistor,
wherein each of the third segments is positioned
between the first segments, and at the least one fourth
segment connects the third segments.
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2. The IPS mode LCD device of claim 1, further com-
prising a common line connecting the common electrodes of
adjacent pixel regions.

3. The IPS mode LCD device of claim 1, wherein the
plurality of second segments connect end parts of the first
segments.

4. The IPS mode LCD device of claim 3, wherein the
plurality of second segments further includes at least one
segment connecting central parts of the first segments.

5. The IPS mode LCD device of claim 1, wherein the at
least one fourth segment of the pixel electrode is partially
overlapped with the second segment of the common elec-
trode to form a storage capacitor.

6. The IPS mode LCD device of claim 5, wherein a
portion of the second segment of the common electrode
overlapped with the at least one fourth segment has a smaller
width than a remaining portion of the second segment not
overlapped with the at least one fourth segment.

7. The IPS mode LCD device of claim 1, wherein the at
least one fourth segment further includes one segment
connecting end parts of two adjacent third segments, and a
segment connecting central parts of the two adjacent third
segments.

8. The IPS mode LCD device of claim 1, wherein a central
part of the third segments is connected with the at least one
fourth segment, and the portion of the third segments
connected with the at least one fourth segment is wider than
end parts of the third segments.

9. The IPS mode LCD device of claim 1, wherein the third
segments are formed in an inclined shape having a constant
width.

10. The IPS mode LCD device of claim 1, wherein the
common electrode is symmetric with the pixel electrode.

11. The IPS mode LCD device of claim 1, wherein the
pixel electrode is extended to the gate line to form a storage
capacitor.

12. The IPS mode LCD device of claim 1, wherein the
gate line and the common electrode are formed on a same
layer.

13. The IPS mode LCD device of claim 1, wherein
sub-blocks are defined with the common electrode and the
pixel electrode, and each sub-block is formed of the com-
mon electrode having a shape of “=” and the pixel electrode
having a shape of “L”, or each sub-block is formed of the
common electrode having a shape of “=” and the pixel
electrode having a shape of “L.".

14. The IPS mode LCD device of claim 13, wherein each
sub-block is formed in a regular tetragonal shape or a
rectangular shape.

15. The IPS mode LCD device of claim 13, wherein at
least two sub-blocks are arranged in the direction of the gate
line.

16. The IPS mode LCD device of claim 13, wherein
respective sub-blocks have a same size.

17. The IPS mode LCD device of claim 13, wherein
respective sub-blocks are symmetric with respect to the
common electrode.

18. The IPS mode LCD device of claim 13, wherein the
sub-blocks are formed in a trapezoidal shape.

19. The IPS mode LCD device of claim 13, wherein the
sub-blocks have an edge formed by the common electrode in
a shape of “=” or “L.” and the pixel electrode formed at an
angle above 90°,
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20. The IPS mode LCD device of claim 13, wherein a
number of the sub-blocks arranged along a horizontal direc-
tion of the pixel region is determined in accordance with a
model of the LCD device.

21. The IPS mode LCD device of claim 20, wherein
odd-numbered or even numbered blocks of the number of
sub-blocks are positioned in the pixel region along the gate
line.

22. A method for manufacturing an IPS mode LCD
device, comprising:

forming a gate line on a substrate;

forming a common electrode including a plurality of first
segments and a plurality of second segments in a pixel
region, wherein the plurality of first segments are
formed substantially parallel to the gate line, and the
plurality of second segments are formed substantially
perpendicular to the gate line and connected to the first
segments,

forming a gate insulating layer on an entire surface of the
substrate including the gate line and the common
electrode;

forming a semiconductor layer on the gate insulating
layer;

forming a data line substantially perpendicular to the gate
line, and forming source/drain electrodes overlapped
with sides of the semiconductor layer;

forming a passivation layer on the entire surface of the
substrate including the data line, wherein the passiva-
tion layer has a contact hole on the drain electrode; and

forming a pixel electrode including a plurality of third
segments and at least one fourth segment on the pas-
sivation layer connected with the drain electrode,
wherein each of the third segments is positioned
between the first segments, and the at least one fourth
segment connects the third segments.

23. The method of claim 22, further comprising forming
a common line connecting the common electrodes of adja-
cent pixel regions.

24. The method of claim 22, wherein the plurality of
second segments are provided to connect end parts of the
first segments.

25. The method of claim 24, wherein the plurality of
second segments further includes at least one segment
connecting central parts of the first segments.

26. The method of claim 22, wherein the at least one
fourth segment of the pixel electrode is partially overlapped
with the second segments of the common electrode to form
a storage capacitor.

27. The method of claim 26, wherein one portion of the
second segments of the common electrode, being over-
lapped with the at least one fourth segment, has a smaller
width than a remaining portion of the second segments not
overlapped with the at least one fourth segment.

28. The method of claim 22, wherein the at least one
fourth segment further includes one segment connecting end
parts of two adjacent third segments, and another segment
for connecting central parts of the two adjacent third seg-
ments.

29. The method of claim 22, wherein a central part of the
third segments is connected with the at least one fourth
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segment, and a portion of the third segments connected with
the at least one fourth segment is wider than the end parts of
the third segments.

30. The method of claim 22, wherein the third segments
are formed in an inclined shape having a constant width.

31. The method of claim 22, wherein the common elec-
trode is symmetric with the pixel electrode.

32. The method of claim 22, wherein the pixel electrode
is extended to the gate line to form a storage capacitor.

33. The method of claim 22, wherein sub-blocks are
defined with the common electrode and the pixel electrode,
and each sub-block is formed of the common electrode
having a shape of “=” and the pixel electrode having a shape

of “L.”, or each sub-block is formed of the common elec-
trode having a shape of “=” and the pixel electrode having

a shape of “L".

34. The method of claim 33, wherein each sub-block is
formed in a regular tetragonal shape or a rectangular shape.

35. The method of claim 33, wherein at least two sub-
blocks are arranged in a direction of the gate line.

36. The method of claim 33, wherein the respective
sub-blocks have a same size.
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37. The method of claim 33, wherein the respective
sub-blocks are symmetric with respect to the common
electrode.

38. The method of claim 33, wherein the sub-blocks are
formed in a trapezoidal shape.

39. The method of claim 33, wherein the sub-blocks have
an edge formed by the common electrode in the shape of “=”
or “L_" and the pixel electrode formed at an angle above 90°.

40. The method of claim 22, wherein the pixel electrode
is formed of a transparent conductive material.

41. The method of claim 33, wherein a number of the
sub-blocks arranged along a horizontal direction of the pixel
region is determined according to a model of the LCD
device.

42. The method of claim 41, wherein odd-numbered or
even-numbered blocks sub-blocks of the number of sub-
blocks are positioned in the pixel region along the gate line.
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