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7) ABSTRACT

A fringe field switching mode liquid crystal display device
includes opposing first and second substrates having a liquid
crystal layer disposed therebetween. A gate line and a data
line crossing the gate line define a pixel region on the first
substrate. A thin film transistor is connected to the gate line
and the data line, a common line is parallel to and spaced
apart from the gate line, and a common electrode extends
from the common line. A pixel electrode is connected to the
thin film transistor and overlaps the common electrode. One
of the pixel and common electrodes is substantially square
and the other has a circular or spiral shape.
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FRINGE FIELD SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] This application claims the benefit of Korean
Patent Application Nos. 2003-0090822, filed on Dec. 12,
2003, and 2004-0042621, filed on Jun. 10, 2004, which are
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display device. More particularly, it relates to a liquid crystal
display device having high transmittance and high aperture
ratio and a method of fabricating the same.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices are being
developed as the next generation display devices because of
their characteristics of light weight, thin profile, and low
power consumption. In general, an LCD device is a non-
emissive display device that displays images by making use
of a refractive index difference through utilizing optical
anisotropy properties of a liquid crystal material interposed
between an array substrate and a color filter substrate. Of the
different types of known liquid crystal displays (LCDs),
active matrix LCDs (AM-LCDs), which have thin film
transistors (TFTs) and pixel electrodes arranged in a matrix
form, are the subject of significant research and development
because of their high resolution and superiority in displaying
moving images.

1. Field of the Invention

[0006] A conventional LCD device, generally, uses
twisted nematic (TN) mode liquid crystal, the orientation of
which is parallel to substrates and is continuously twisted
from one substrate to another substrate by 90 degrees.
However, the TN mode LCD device has disadvantages of a
narrow viewing angle and slow response characteristics.

[0007] To solve the above problems, various modes, such
as a multi-domain TN structure and an optically compen-
sated birefringence (OCB) mode, have been proposed. In the
multi-domain TN structure, a pixel is divided into several
domains. The process of manufacturing the multi-domain is
complicated, and improvement of the viewing angle is
limited. The OCB mode has wide viewing angles and fast
response time. However, in the OCB muode, it is difficult to
control and maintain the liquid crystal material stably due to
bias voltage.

[0008] In-plane switching mode liquid crystal display
(IPS-LCD) devices, recently, have been proposed as a new
display mode. In the IPS-LCD devices, electrodes for driv-
ing liquid crystal molecules are formed on the same sub-
strate.

[0009] FIG. 1 is a cross-sectional view illustrating the
concept of a related art IPS-L.CD device. As shown in FIG.
1, an upper substrate 10 and a lower substrate 20 are spaced
apart from each other, and a liquid crystal layer 30 is
interposed therebetween. The upper substrate 10 and lower
substrate 20 are often referred to as a color filter substrate
and an array substrate, respectively. A common electrode 22
and a pixel electrode 24 are positioned on the lower substrate
20. The common electrode 22 and pixel electrode 24 are
positioned such that they are parallel to each other. On a
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surface of the upper substrate 10, a color filter layer (not
shown) is commonly positioned to correspond to an arca
between the pixel electrode 24 and the common electrode 22
of the lower substrate 20.

[0010] A wvoltage applied across the common electrode 22
and pixel electrode 24 produces an in-plane electric field 26
through liquid crystal molecules of the liquid crystal layer
30. The liquid crystal molecules have a positive dielectric
anisotropy, and thus the liquid crystal molecules will align
so as to be in parallel with the electric field 26. The viewing
angles can range 80 to 85 degrees in up-and-down and
left-and-right sides from a line vertical to the IPS-LCD
device, for example.

[0011] FIG. 2 is a plane view of an array subsirate
according to the related art IPS-LCD device. As shown in
FIG. 2, a gate line 40 and a data line 42 cross each other to
define a pixel region P. At a crossing of the gate line 40 and
the data line 42, a thin film transistor T is formed. A common
line 44 is spaced apart from the gate line 40, and in the pixel
region P, a plurality of common electrodes 46 extends from
the common line 44 parallel to the data line 42.

[0012] A first pixel connecting line 48 is connected to the
thin film transistor T, and a plurality of pixel electrodes 50
extends from the first pixel connecting line 48 alternating
with the plurality of common electrodes 46. A second pixel
connecting line 52 connects ends of the plurality of pixel
electrodes 50, and the second pixel connecting line 52
overlaps the common line 44. The overlapped common line
44 and second pixel connecting line 52 form a storage
capacitor CST with an insulating layer interposed therebe-
tween.

[0013] Spaces between the common electrodes 46 and the
pixel electrodes 50 correspond to aperture areas A, where
liquid crystal molecules are driven by an electric field
parallel to a substrate. In the above array substrate, there
exist 4 blocks of 4 aperture areas A in one pixel. That is, in
the pixel region P, three common electrodes 46 and two pixel
electrodes 50 alternate with each other.

[0014] The common electrodes 46 include two first com-
mon electrodes 464 that are near to the data line 42 and a
second common electrode 46b that is disposed between the
first common electrodes 46a. To minimize cross-talk
between the data line 42 and the pixel electrodes 50 and to
prevent light leakage, the first common electrodes 46a
should have a wider width than the second common ¢lec-
trode 46b, and this reduces an aperture ratio.

[0015] To improve the aperture ratio and transmittance of
the related art IPS-LCD device, a fringe field switching
(FFS) mode LCD device has been suggested. The FFS mode
LCD device has a square common electrode of an island
shape corresponding to the pixel region and a pixel electrode
consisting of a plurality of rods that are spaced apart from
each other and forming slits. The common electrode and the
pixel electrode overlap each other with an insulating layer
interposed therebetween. In the FFS mode LCD device,
since electric fields are induced every several angstroms, the
electric fields are strong, and thus even the liquid crystal
molecules over the electrodes can be arranged by the electric
fields. In addition, because the common electrode and the
pixel electrode are formed of a transparent conductive
material, the aperture ratio may be improved.
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[0016] FIG. 3A is a plan view illustrating an FFS mode
LCD device according to the related art, and FIG. 3B is a
cross-sectional view along the line II-II of FIG. 3A. FIG.
3A shows mainly an array substrate of the FFS mode LCD
device, and FIG. 3B illustrates a cross-section of the FFS
mode LCD device including a liquid crystal layer in a
corresponding cutting area.

[0017] In FIG. 3A, a gate line 62 and a data line 78 cross
each other to define a pixel region P. A thin film transistor T
is formed at a crossing of the gate line 62 and the data line
78. In the pixel region P, a plurality of pixel electrodes 82
connected to the thin film transistor T are spaced apart from
each other. A common electrode 68 extends below the
plurality of pixel electrodes 82.

[0018] More vparticularly, the thin film transistor T
includes a gate electrode 64, a semiconductor layer 72, a
source electrode 74 and a drain electrode 76. A first pixel
connecting line 84 is connected to the drain electrode 76,
and the plurality of pixel electrodes 82 extends from the first
pixel connecting line 84. Ends of the plurality of pixel
electrodes 82 are electrically connected to each other by a
second pixel connecting line 86. The common electrode 86
of each pixel region P is connected to a common line 66,
which is spaced apart from and is parallel to the gate line 62.

[0019] The common electrode 68 and the plurality of pixel
electrodes 82 are formed of a transparent conductive mate-
rial through different processes. The common line 66 is
formed of the same material through the same process as the
gate line 62. The common electrode 68 directly contacts the
common line 66 without an insulating layer therebetween,
and the plurality of pixel electrodes 82 are disposed over the
common electrode 68 with an interposed insulating layer
(not shown).

[0020] Operations of the FFS mode LCD device will be
explained hereinafter through the cross-sectional structure
of FIG. 3B. In FIG. 3B, a square common electrode 68 is
formed on a first substrate 60, and a first insulating layer 70
covers the common electrode 68. A plurality of pixel elec-
trodes 82 are formed on the first insulating layer 70 over the
common electrode 68. The plurality of pixel electrodes 82
form slit shapes that spaced apart from each other. A first
alignment layer 88 covers the plurality of pixel electrodes
82.

[0021] A second substrate 90 is spaced apart from and
faces the first substrate 60. A color filter layer 92 and a
second alignment layer 94 are sequentially formed on an
inner surface of the second substrate 90. A liquid crystal
layer 96 is interposed between the first and second alignment
layers 88 and 94.

[0022] In the FFS mode, the liquid crystal molecules
between the electrodes are rotated by a lateral electric field
10 be parallel with the substrates, and then the liquid crystal
molecules over the electrodes rotate due to vertical and
lateral electric fields around the electrodes and an elastic
force of the liquid crystal. That is, because light is also
transmitted over the electrode, the transmittance is high.
Moreover, rotation rates of the liquid crystal molecules are
different in one pixel, and thus color shift is decreased by
self-compensating effects.

[0023] If the electrodes have stripe shapes, to form a
lateral electric field, an alignment direction makes an angle
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of about 60 degrees with the gate line, which is a base line
of 0 degree. Since the alignment direction is also inclined
with respect to light transmission axes of polarizers (not
shown), ranges of the viewing angle become non-uniform.
The alignment direction may be within a range of 90 degrees
to -270 degrees with respect to the base line, and the light
transmission axes of the polarizers, which are 0 degrees and
90 degrees with respect to the base line, respectively, cross
each other at a right angle. Therefore, viewing angle char-
acteristics are lowered at directions of 45 degrees and 135
degrees. In addition, a color shift difference occurs that is
directionally dependent.

SUMMARY OF THE INVENTION

[0024] An FFS mode LCD device having an improved
viewing angle and a method of fabricating the same is
presented in which the color shift is minimized.

[0025] In one aspect, a fringe field switching mode liquid
crystal display device includes a gate line on a first substrate,
a data line crossing the gate line to define a pixel region, a
thin film transistor connected to the gate line and the data
line, a common line parallel to and spaced apart from the
gate line, a common electrode extending from the common
line and having a substantially square shape corresponding
to the pixel region, a pixel electrode connected to the thin
film transistor and having a ring shape, wherein the pixel
electrode overlaps the common electrode, a second substrate
facing the first substrate, and a liquid crystal layer between
the first substrate and the second substrate.

[0026] In another aspect, a fringe field switching mode
liquid crystal display device includes a gate line on a first
substrate, a data line crossing the gate line to define a pixel
region, a thin film transistor connected to the gate line and
the data line, a pixel electrode connected to the thin film
transistor and having a substantially square shape, a com-
mon line parallel to and spaced apart from the gate line, a
common electrode extending from the common line and
having a circular shape, wherein the common electrode
overlaps the pixel electrode, a second substrate facing the
first substrate, and a liquid crystal layer between the first
substrate and the second substrate.

[0027] In another aspect, a fringe field switching mode
liquid crystal display device includes a gate line on a first
substrate, a data line crossing the gate line to define a pixel
region, a thin film transistor connected to the gate line and
the data line, a common line parallel to and spaced apart
from the gate line, a common electrode extending from the
common line and having a substantially square shape cor-
responding to the pixel region, a pixel electrode connected
to the thin film transistor and having a spiral shape, wherein
the pixel electrode overlaps the common electrode, a second
substrate facing the first substrate, and a liquid crystal layer
between the first substrate and the second substrate.

[0028] 1In another aspect, a fringe field switching mode
liquid crystal display device includes a gate line on a first
substrate, a data line crossing the gate line to define a pixel
region, a thin film transistor connected to the gate line and
the data line, a pixel electrode connected to the thin film
transistor and having a substantially square shape, a com-
mon line parallel to and spaced apart from the gate line, a
common electrode extending from the common line and
having an opening of a spiral shape, the common electrode
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overlapping the pixel electrode, a second substrate facing the
first substrate, and a liquid crystal layer between the first
substrate and the second substrate.

[0029] In another aspect of the present invention, a
method of fabricating a fringe field switching mode liquid
crystal display device includes forming a gate line on a
substrate, forming a data line crossing the gate line to define
a pixel region, forming a thin film transistor connected to the
gate line and the data line, forming a common line parallel
to and spaced apart from the gate line, forming a common
electrode extending from the common line and having a
substantially square shape, and forming a pixel electrode
connected to the thin film transistor and having a ring shape,
the pixel electrode overlapping the common electrode.

[0030] In another aspect, a method of fabricating a fringe
field switching mode liquid crystal display device includes
forming a gate line on a substrate, forming a data line
crossing the gate line to define a pixel region, forming a thin
film transistor connected to the gate line and the data line,
forming a pixel electrode connected to the thin film transis-
tor and having a substantially square shape, forming a
common line parallel to and spaced apart from the gate line,
and forming a common electrode extending from the com-
mon line and having a circular shape, the common electrode
overlapping the pixel electrode.

[0031] In another aspect, a method of fabricating a fringe
field switching mode liquid crystal display device includes
forming a gate line on a substrate, forming a data line
crossing the gate line to define a pixel region, forming a thin
film transistor connected to the gate line and the data line,
forming a common line parallel to and spaced apart from the
gate line, forming a common electrode extending from the
common line and having a substantially square shape, and
forming a pixel electrode connected to the thin film transis-
tor and having a spiral shape, the pixel electrode overlapping
the common electrode.

[0032] In another aspect, a method of fabricating a fringe
field switching mode liquid crystal display device includes
forming a gate line on a substrate, forming a data line
crossing the gate line to define a pixel region, forming a thin
film transistor connected to the gate line and the data line,
forming a pixel electrode connected to the thin film transis-
tor and having a substantially square shape, forming a
common line parallel to and spaced apart from the gate line,
and forming a common electrode extending from the com-
mon line and having an opening of a spiral shape, the
common electrode overlapping the pixel electrode.

[0033] In another aspect, a fringe field switching mode
liquid crystal display device includes a first substrate, a gate
line on the first substrate, a data line crossing the gate line
to define a pixel region, a thin film transistor connected to
the gate line and the data line, a common line parallel to and
spaced apart from the gate line, a common electrode con-
nected with the common line, a pixel electrode connected to
the thin film transistor, the pixel electrode overlapping the
common electrode, a second substrate facing the first sub-
strate, and a liquid crystal layer between the first substrate
and the second substrate, wherein the pixel and common
electrodes are arranged in a multi-domain structure in which
liquid crystals in the liquid crystal layer are substantially
radially aligned from a center of the pixel region when a
potential difference exists between the pixel and common
electrodes.
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[0034] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate an embodiment of the present invention and
together with the description serve to explain the principles
of that invention.

[0036] FIG. 1 is a cross-sectional view illustrating a
related art IPS-LCD device.

[0037] FIG. 2 is a plane view of an array substrate
according to the related art IPS-LCD device.

[0038] FIG. 3A is a plan view illustrating an FFS mode
LCD device according to the related art, and FIG. 3B is a
cross-sectional view along the line ITIB-IIIB of FIG. 3A.

[0039] FIG. 4A is a view illustrating an electrode struc-
ture of a circular band shape for an FFS mode LCD device
according to the present invention and FIG. 4B is a graph
showing transmittance-voltage (T-V) characteristics of the
FFS mode having the electrode of the circular band shape.

[0040] FIG. 5 is a plan view of an FFS mode LCD device
according to a first embodiment of the present invention.

[0041] FIGS. 6A to 6F are plan views illustrating a
manufacturing method of an array substrate for the FFS
mode LCD device according to the first embodiment of the
present invention.

[0042] FIG. 7A to are plan views illustrating a manufac-
turing method of an array substrate for an FFS mode LCD
device according to a second embodiment of the present
invention.

[0043] FIG. 8 is a plan view of an FFS mode LCD device
according to a third embodiment of the present invention. ,

[0044] FIGS. 9A to 9C are plan views illustrating a
manufacturing method of an array substrate for the FFS
mode LCD device according to the third embodiment of the
present invention.

[0045] FIGS. 10A to 10C are plan views illustrating a
manufacturing method of an array substrate for an FFS
mode LCD device according to a fourth embodiment of the
present invention.

[0046] FIGS. 11A and 11B are views showing an aperture
ratio according to a pattern structure of an in-plane electrode
for forming a lateral electric field.

[0047] FIG. 12 is a plan view of an array substrate for an
FFS mode LCD device according to a fifth embodiment of
the present invention.

[0048] FIG. 13 is a plan view showing an FFS mode LCD
device according to a sixth embodiment of the present
invention.

[0049] FIGS. 14A and 14B are plan views showing an
array substrate for an FFS mode LCD device according to a
seventh embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0050] Reference will now be made in detail to an illus-
trated embodiment of the present invention, examples of
which are shown in the accompanying drawings. Wherever
possible, similar reference numbers will be used throughout
the drawings to refer to the same or similar parts.

[0051] FIG. 4A illustrates an electrode structure of a
circular band shape for an FFS mode LCD device according
to the present invention, and shows movement of liquid
crystal molecules in each domain. FIG. 4B is a graph
showing transmittance-voltage (T-V) characteristics of the
FFS mode having the electrode of the circular band shape.
The electrode structure includes a plurality of circular bands,
which are concentric and have different sizes.

[0052] In the circular band electrodes CE of FIG. 4A,
there exists a multi-domain structure including 4 domains
D1, D2, D3 and D4 having different arrangements of liquid
crystal molecules 110. When voltage is not applied, the
liquid erystal molecules 110 of every domain are arranged
dependent on the rubbing direction of the alignment layer,
for example, along directions of 90 degrees and -270
degrees. When voltage is applied, a lateral electric field
parallel to substrates (not shown) is induced, and the liquid
crystal molecules 110 are arranged to align with the circular
band electrodes CE by the lateral electric field. Thus, the
arranged liquid crystal molecules 110 have a radial shape.

[0053] In FIG. 4B, transmission-voltage characteristics of
the FFS mode having the circular band electrodes are
expressed by the sum of the effects of the rubbing directions
of the related art stripe pattern electrodes.

[0054] Embodiments for an FFS mode LCD device having
circular band electrodes of the present invention, hereinafter,
will be explained in detail with reference to the attached
drawings.

[0055] FIG. 5 is a plan view of an FFS mode LCD device
according 1o a first embodiment of the present invention. As
shown in FIG. §, a gate line 112 is formed in a first direction,
and a data line 128 is formed in a second direction crossing
the first direction. A common line 142 is formed in the first
direction. The gate line 112 and the data line 128 cross each
other to define a pixel region P. In the pixel region P, a
common electrode 144 of a substantially square shape is
connected to the common line 142.

[0056] A thin film transistor T is formed at a crossing of
the gate line 112 and the data line 128, and a first pixel
connecting line 140 is connected to the thin film transistor T.
A second pixel connecting line 141 extends from the first
pixel connecting line 140 along the second direction. A pixel
electrode 138 including a plurality of circular band patterns
diverges from the second pixel connecting line 141. The
pixel electrode 138 includes first, second and third pixel
electrode patterns 1384, 138b, and 138¢, which are concen-
tric and have different sizes, from the center to the outermost
electrode.

[0057] In the FFS mode LCD device shown, spaces
between the patterns of the pixel electrode 138 and an
overlapping portion of the pixel electrode 138 and the
common clectrode 144 are used as an aperture area. There-
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fore, the pixel electrode 138 and the common electrode 144
are made of a transparent conductive material such as
indium tin oxide (ITO).

[0058] Although an additional storage capacitor is not
formed, the overlapping portion of the pixel electrode 138
and 144 serves as a storage capacitor Cst with an insulating
layer (not shown) interposed therebetween.

[0059] InFIG. 5, a hatched region corresponds to a black
matrix forming area BA, and a black matrix may be formed
on the substrate including the electrodes or on an opposite
substrate to prevent light from impinging on an area in
which the liquid crystal molecules are not driven. The black
matrix forming area BA includes an opening 146 exposing
the pixel region P and covers a non-pixel region and an edge
of the common electrode 144. The opening 146 has a
circular shape larger than the third pixel electrode pattern
138c.

[0060] FIGS. 6A to 6F illustrate a manufacturing method
of an array substrate for the FFS mode LCD device accord-
ing to the first embodiment of the present invention. The
array substrate is manufactured through 6 mask processes,
which include a photolithographic process using photoresist
and patterning layers.

[0061] In FIG. 6A, a gate line 112 including a gate
electrode 116 is formed in a first direction on a substrate 110
through a first mask process.

[0062] In FIG. 6B, a gate insulating layer (not shown) is
formed over the gate line 112, and a semiconductor layer
122 is formed on the gate insulating layer over the gate line
112 through a second mask process.

[0063] InFIG. 6C, a data line 128, a source electrode 130
and a drain electrode 132 are formed on the substrate 110
including the semiconductor layer 122 through a third mask
process. The data line 128 is formed in a second direction
crossing the first direction, the source electrode 130 extends
from the data line 128, and the drain electrode 132 of an
island pattern is spaced apart from the source electrode 130
over the gate electrode 116. The source and drain electrodes
130 and 132 overlap both sides of the semiconductor layer
122. The gate electrode 116, the semiconductor layer 122,
the source electrode 130, and the drain electrode 132 form
a thin film transistor T. A pixel region P is defined by
crossing of the gate line 112 and the data line 128.

[0064] The third mask process includes exposing an intrin-
sic semiconductor material of the semiconductor layer 122
between the source and drain electrodes 130 and 132, and
the exposed intrinsic semiconductor material becomes a
channel ch of the thin film transistor T.

[0065] In FIG. 6D, a passivation layer (not shown) is
formed on an entire surface of the substrate 110 including
the thin film transistor T, and then a common line 134 and
a common electrode 136 are formed on the passivation layer
through a fourth mask process. The common line 134 is
formed in the first direction and spaced apart from the gate
line 112, The common electrode 136 is connected to the
common line 134, and has a square shape corresponding to
the pixel region P.

[0066] In FIG. 6E, an insulating layer (not shown) is
formed on an entire surface of the substrate 110 including
the common line 134 and the common electrode 136. Then,
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the insulating layer and the passivation layer are patterned
through a fifth mask process to form a drain contact hole 138
exposing a part of the drain electrode 132.

[0067] In FIG. 6F, a first pixel connecting line 140, a
second pixel connecting line 142 and a pixel electrode 144
are formed through a sixth mask process. The first pixel
connecting line 140 is connected to the drain electrode 132
through the drain contact hole 138. The second pixel con-
necting line 142 extends from the first pixel connecting line
140 along the second direction. The pixel electrode 144
diverges from the second pixel connecting line 142 and
includes a plurality of circular or circular band patterns,
which have different sizes and are concentric spaced apart
from each other. More particularly, the pixel electrode 144
is composed of a first pixel electrode pattern 144a of a
circular shape in the center, a second pixel electrode pattern
144b of a circular band shape outside the first pixel electrode
pattern 144a, and a third pixel electrode pattern 144c of a
circular band shape outside the second pixel electrode
pattern 144b. The pixel electrode 144 overlaps the common
electrode 136.

[0068] FIGS. 7A to 7E illustrate a manufacturing method
of an array substrate for an FFS mode LCD device according
to a second embodiment of the present invention. The
second embodiment uses a smaller number of mask pro-
cesses than the first embodiment. Explanations for repeated
processes may be shortened.

[0069] In FIG. 7A, a gate line 212 and a gate electrode
216 are formed on a substrate 210 through a first mask
process.

[0070] In FIG. 7B, a gate insulating layer (not shown) is
formed over the gate line 212 and the gate electrode 216, and
a semiconductor material and a metal material are sequen-
tially deposited on the gate insulating layer. The semicon-
ductor material and the metal material are patterned through
a second mask process including a diffraction exposing
method to thereby form a data line 228, a source electrode
230, a drain electrode 232, and a semiconductor material
layer 225. The semiconductor material layer 225 has the
same shape as the data line 228, the source electrode 230 and
the drain electrode 232, and has an additional portion
between the source electrode 230 and the drain electrode
232. The semiconductor material layer 225 corresponding to
the source electrode 230 and the drain electrode 232 is a
semiconductor area SC, which serves as an active area. The
gate electrode 216, the semiconductor area SC of the semi-
conductor material layer 225, the source electrode 230 and
the drain electrode 232 constitute a thin film transistor T.

[0071] The second mask process includes exposing an
Intrinsic semiconductor area of the semiconductor material
layer 225 between the source electrode 230 and the drain
electrode 232 by the diffraction exposing method. The
exposed intrinsic semiconductor area becomes a channel ch
of the thin film transistor T.

[0072] For example, a mask including a slit portion cor-
responding to a channel area is disposed and is exposed,
whereby a photoresist layer having a thinner thickness in the
channel area than in source/drain pattern areas is formed.
The semiconductor material layer 225 and the source and
drain electrodes 230 and 232 are simultaneously formed
through one mask process. The photoresist layer may be
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formed from a positive photoresist in which a portion of the
photoresist layer exposed to light is developed and removed.

[0073] In FIG. 7C, a passivation layer (not shown) is
formed on an entire surface of the substrate 210 including
the thin film transistor T, and then a common line 234 and
a common electrode 236 are formed on the passivation layer
through a third mask process. The common line 234 and the
common electrode 236 may be formed of a transparent
conductive material such as ITO.

[0074] In FIG. 7D, an insulating layer (not shown) is
formed on the common line 234 and the common electrode
236, and then the insulating layer and the passivation layer
are patterned through a fourth mask process to form a drain
contact hole 238 exposing a part of the drain electrode 232.

[0075] In FIG. 7E, a first pixel connecting line 240, a
second pixel connecting line 242 and a pixel electrode 244
are formed on the insulating layer including the drain
contact hole 238 through a fifth mask process. The first pixel
connecting line 240 is connected to the drain electrode 232
through the drain contact hole 238, the second pixel con-
necting line 242 extends from the first pixel connecting line
240, and the pixel electrode 244 diverges from the second
pixel connecting line 242. The pixel electrode 244 includes
a plurality of patterns, which may have the same shapes as
the first embodiment of FIG. 6E. That is, the pixel electrode
244 may be composed of first, second and third pixel
electrode patterns 244, 244b and 244c. The pixel electrode
244 may be made of a transparent conductive material such
as [TO.

[0076] In another embodiment, the pixel electrode may
have a spiral shape.

[0077] FIG. 8 is a plan view of an FFS mode L.CD device
according to a third embodiment of the present invention.
The third embodiment has the same structure as the first
embodiment except for the electrode structure of the circular
band shape. Thus, explanations for the same parts as the first
embodiment may be omitted.

[0078] As shown in FIG. 8, a square shaped common
electrode 344 is formed in a pixel region P, and is connected
to a common line 342. The common electrode 344 is
connected to an adjacent common electrode in a neighbor
pixel region (not shown) through the common line 342. A
pixel connecting line 340 is connected to the thin film
transistor T, and a pixel electrode 338 extends from the pixel
connecting line 340. The pixel electrode 338 has a spiral
shape and overlaps the common electrode 344.

[0079] In this embodiment, liquid crystal molecules in
spaces formed by the spiral pattern of the pixel electrode 338
are driven by a lateral electric field between the pixel
electrode 338 and the common electrode 344. The liquid
crystal molecules in an overlapping portion of the pixel
electrode 338 and the common electrode 344 are also driven,
and transmit light. Thus, the pixel electrode 338 and the
common electrode 344 are formed of a transparent conduc-
tive material such as ITO. The overlapping portion of the
pixel electrode 338 and the common electrode 344 forms a
storage capacitor Cst with an insulating layer interposed
therebetween.

[0080] In FIG. 8, a hatched region corresponds to a black
matrix forming area BA. The black matrix forming area BA
has an opening 346 exposing the pixel electrode 338.
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[0081] FIGS. 9A to 9C illustrate 2 manufacturing method
of an array substrate for the FFS mode LCD device accord-
ing to the third embodiment of the present invention. In the
third embodiment, first to fourth mask processes are the
same as the first embodiment.

[0082] In FIG. 9A, a gate line 312 and a gate electrode
316 are formed through a first mask process. A semicon-
ductor layer 322 is formed over the gate line 312 and the gate
electrode 316 through a second mask process, and then a
data line 328, a source electrode 330 and a drain electrode
332 are formed through a third mask process. The gate
electrode 316, the semiconductor layer 322, the source
electrode 330 and the drain electrode 332 constitute a thin
film transistor T. An intrinsic semiconductor portion is
exposed by using the source and drain electrodes 330 and
332, and the exposed intrinsic semiconductor portion
becomes a channel ch of the thin film transistor T.

[0083] Next, a passivation layer (not shown) is formed on
an entire surface of a substrate including the thin film
transistor T, and a common line 334 and a common electrode
336 are formed on the passivation layer through a fourth
mask process. The common line 334 is parallel to the gate
line 312, and the common ¢lectrode 336 connected to the
common line 334 has a square shape corresponding to a
pixel region P.

[0084] In FIG. 9B, an insulating layer (not shown) is
formed on an entire surface of the substrate including the
common electrode 336 and the common line 334, and then
the insulating layer and the passivation layer are patterned
through a fifth mask process to form a drain contact hole 338
exposing a part of the drain electrode 332.

[0085] InFIG.9C, a pixel connecting line 340 and a pixel
electrode 344 are formed on the insulating layer including
the drain electrode 338 through a sixth mask process. The
pixel connecting line 340 is connected to the drain electrode
332 through the drain contact hole 338. The pixel electrode
344 extends from the pixel connecting line 340 and has a
spiral shape.

[0086] FIGS. 10A to 10C illustrate a manufacturing
method of an array substrate for an FFS mode LCD device
according to a fourth embodiment of the present invention.
The fourth embodiment has the smaller number of mask
processes than the third embodiment.

[0087] In FIG. 10A, a gate line 412 and a gate electrode
416 are formed through a first mask process. A data line 428,
a source electrode 430, a drain electrode 432, and a semi-
conductor material layer 425 are formed through a second
mask process using a diffraction exposing method. The
semiconductor material 425 has the same shape as the data
line 428, the source electrode 430 and the drain electrode
432, and has an additional portion between the source and
drain electrodes 430 and 432. The semiconductor material
layer 425 corresponding to the source and drain electrodes
430 and 432 may be referred to as a semiconductor area SC.
At this time, a channel ch is also formed. The gate electrode
416, the semiconductor area SC of the semiconductor layer
425, the source clectrode 430 and the drain electrode 432
form a thin film transistor T.

[0088] Next, a passivation layer (not shown) is formed on
an entire surface of a substrate including the thin film
transistor, and a common line 434 and a common electrode
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436 are formed on the passivation layer through a third mask
process. The common electrode 436 is parallel to the gate
line 412. The common electrode 436 has a square shape
corresponding to a pixel region (P).

[0089] In FIG. 10B, an insulating layer (not shown) is
formed on an entire surface of the substrate including the
common electrode 436 and the common line 434, and the
insulating layer and the passivation layer are patterned
through a fourth mask process to form a drain contact hole
438 exposing a part of the drain electrode 432.

[0090] In FIG. 10C, a pixel connecting line 440 and a
pixel electrode 444 are formed on the insulating layer
including the drain contact hole 438 through a fifth mask
process. The pixel connecting line 440 is connected to the
drain electrode 432 through the drain contact hole 438. The
pixel electrode 444 extends from the pixel connecting line
440 and has a spiral shape.

[0091] FIGS. 11A and 11B show an aperture ratio accord-
ing to a pattern structure of an in-plane electrode for forming
a lateral electric field. FIG. 11A illustrates a stripe pattern
type of the related art, and FIG. 11B shows a circular pattern
type of the present invention.

[0092] As shown in the figures, when a substrate 450 or
470, in which an in-plane electrode IE1 or IE2 is formed, is
attached to another substrate 460 or 480, in which a black
matrix BM1 or BM2 is formed, the black matrix BM1 or
BM2 may overlap the in-plane electrode IE1 or IE2 beyond
a designed value due to misalignment. This misalignment
reduces the aperture area.

[0093] In FIG. 11A, one side of the in-plane electrode E1
overlaps the black matrix BM1 along a length of the in-plane
electrode IE1, whereby an overlapping portion R1 is formed.
The overlapping portion R1 has a square shape due to the
structure of the in-plane electrode IE1.

[0094] In FIG. 11B, since the in-plane electrode IE2 has
a circular shape, an overlapping portion R2 of the in-plane
electrode IE2 and the black matrix BM2 has the shape of a
segment of a curved figure. Therefore, although the over-
lapping portions R1 and R2 have the same overlapping
width, the overlapping portion R2 of FIG. 11B has a smaller
area than the overlapping portion R1 of FIG. 11A. Accord-
ingly, the margin for attaching the two substrates increases
due to the electrode of the circular or circular band shape,
and differences in brightness of the device decrease.

[0095] FIG. 12 is a plan view of an array substrate for an
FFS mode LCD device according to a fifth embodiment of
the present invention. The fifth embodiment has an
improved storage capacitor as compared with the above
embodiments. The fifth embodiment has the same structure
as the first embodiment except for the storage capacitor, and
explainations for the same part as the first embodiment may
be omitted.

[0096] As shown in FIG. 12, a capacitor electrode 540
extends from a third pixel electrode pattern 538«, which is
the outermost pattern of a pixel electrode 538, and overlaps
a previous gate line 512. As before, the pixel electrode 538
contains three pixel electrode patterns 5384, 338D, and 538c.
In the fifth embodiment, a first storage capacitor Cstl
between the pixel electrode 538 and a common electrode
520 and a second storage capacitor Cst2 between the capaci-
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tor electrode 540 and the gate line 512. The total storage
capacitor Cst of the fifth embodiment is the sum of the first
storage capacitor Cstl and the second storage capacitor
Cst2. Thus, the storage capacitor Cst of the fifth embodiment
is larger than those of the previous embodiments, and
increase the stability of the liquid crystal molecules when
driven.

[0097] To improve the aperture ratio, the FFS mode LCD
device may have a rectangular four-color pixel structure.
The pixel structure includes red, green, blue and white sub
pixels.

[0098] FIG. 13 is a plan view showing an FFS mode LCD
device according to a sixth embodiment of the present
invention.

[0099] In a general three-color pixel structure, each sub-
pixel has a rectangular shape. Therefore, the diameter of the
circular or circular band electrode is determined by the
width of the pixel region. Since a dummy region outside of
the circular or circular band electrode occupies a large area,
improvement of the aperture ratio is limited. However, in a
rectangular pixel structure, few obstacles exist in determin-
ing the diameter of the circular or circular band electrode
because distances from the central point of the pixel region
to four sides of the rectangle are equal.

[0100] As shown in FIG. 13, an FFS mode LCD device
including a circular or circular band electrode of the sixth
embodiment has a four-color pixel structure to increase
brightness. In this figure, rectangular pixel PX is composed
of red, green, blue and white rectangular sub-pixels 602,
604, 606 and 608. Thus, utilization of the pixel region is
increased, and the aperture ratio is improved.

[0101] FIGS. 14A and 14B are plan views showing an
array substrate for an FFS mode LCD device according to a
seventh embodiment of the present invention. The FFS
mode LCD device of FIG. 14A has a common clectrode of
a circular or circular band shape, and the FFS mode L.CD
device of FIG. 14B includes a common electrode of a spiral
shape. Essentially, only differences from the first embodi-
ment will be explained.

[0102] In this embodiment, a pixel electrode 738 or 838
having a square shape is formed in a pixel region P. A
common electrode 744 or 844 overlaps the pixel electrode
738 or 838. The overlapped pixel electrode 738 or 838 and
common electrode 744 or 844 form a storage capacitor Cst
with an insulating layer interposed therebetween. The pixel
electrode 738 or 838 and the common electrode 744 or 844
may be formed of a transparent conductive material such as
indium tin oxide (ITO). Spaces between portions of the
common electrode 744 or 844 and the overlapped portions
of the common electrode 744 or 844 and the pixel electrode
738 or 838 are defined as the aperture area. Since the
aperture area has a circular shape similar to the first embodi-
ment, viewing angles characteristics are improved.

[0103] In FIG. 14A, the common electrode 744 includes
a circular band shape, and in FIG. 14B, the common
electrode 844 includes a spiral shape. More particularly, in
FIG. 14A, the common ¢lectrode 744 has circular or circular
band openings 746, and includes a first common electrode
pattern 744a and a second common electrode pattern 744b
inside the first common electrode pattern 744a. The second
common electrode pattern 744b has a circular band shape.
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The pixel electrode 738 is smaller than the first common
electrode pattern 744a and larger than the openings 746.

[0104] In FIG. 14B, the common electrode 844 corre-
sponds to the pixel region P and has a spiral shape opening
846. The pixel electrode 838 is smaller than the common
electrode 844 and larger than the opening 846.

[0105] The array substrate of the seventh embodiment
may be manufactured as the structures and through the
processes according to the first to sixth embodiments.

[0106] Inthe present invention, since the aperture area has
a circular or circular band shape, directors of the liquid
crystal material are equal in all directions and the viewing
angles are improved. Additionally, the aperture ratio is
increased by using a rectangular pixel structure. Further-
more, because an overlapped portion with the black matrix
is reduced, the brightness difference due to misalignment is
minimized when two substrates are attached.

[0107] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in an
IPS-LCD device of the present invention without departing
from the spirit or scope of the invention such as the pixel
electrode or the common electrode having an elliptical rather
than circular or spiral shape. Thus, it is intended that the
present invention cover 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. A fringe field switching mode liquid crystal display
device, comprising:

a first substrate;
a gate line on the first substrate;
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;

a common line parallel to and spaced apart from the gate
line;

a common electrode extending from the common line and
having a substantially square shape corresponding to
the pixel region;

a pixel electrode connected to the thin film transistor and
having a ring shape, the pixel electrode overlapping the
common electrode;

a second substrate facing the first substrate; and

a liquid crystal layer between the first substrate and the

second substrate.

2. The device of claim 1, further comprising a pixel
connecting line between the thin film transistor and the pixel
electrode.

3. The device of claim 1, wherein the pixel electrode and
the common electrode are formed of a transparent conduc-
tive material.

4. The device of claim 1, wherein liquid crystal molecules
of the liquid crystal layer are driven by an electric field
parallel to the first and second substrates in portions between
patterns of the pixel electrode and overlapping areas of the
common electrode and the pixel electrode.
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5. The device of claim 1, wherein the pixel electrode
includes a plurality of patterns of a circular shape and a
circular band shape.

6. The device of claim 5, wherein the patterns of the pixel
electrode have different sizes and are concentric.

7. The device of claim 6, wherein the pixel electrode
includes a first pixel electrode pattern of the circular shape
and second and third electrode patterns of the circular band
shape, the first pixel electrode pattern disposed inside the
third pixel electrode pattern and the second pixel electrode
pattern disposed between the first and third pixel electrode
patterns.

8. The device of claim 1, wherein the overlapped pixel
electrode and common electrode form a storage capacitor
with an insulating layer interposed therebetween.

9. The device of claim 1, further comprising a black
matrix on an inner surface of the second substrate, the black
matrix including an opening exposing the pixel region and
covering edges of the common electrode.

10. The device of claim 9, wherein the opening has a
circular shape.

11. The device of claim 1, wherein the pixel region has a
rectangular shape.

12. The device of claim 11, wherein the pixel region
corresponds to a sub-pixel, and four sub-pixels of red, green,
blue and white form one pixel.

13. The device of claim 1, further comprising a capacitor
electrode connected to the pixel electrode, the capacitor
electrode overlapping a previous gate line to form a storage
capacitor.

14. The device of claim 1, wherein the thin film transistor
includes a gate electrode extending from the gate line, a
semiconductor layer over the gate electrode, a source elec-
trode extending from the data line, and a drain electrode
spaced apart from the source electrode.

15. A fringe field switching mode liquid crystal display
device, comprising:

a first substrate;
a gate line on the first substrate,
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;

a pixel electrode connected to the thin film transistor and
having a substantially square shape;

a common line parallel to and spaced apart from the gate
line;

a common electrode extending from the common line and
having a circular shape, the common electrode over-
lapping the pixel electrode;

a second substrate facing the first substrate; and

a liquid crystal layer between the first substrate and the

second substrate.

16. The device of claim 15, wherein the pixel electrode
and the common electrode are formed of a transparent
conductive material.

17. The device of claim 15, wherein liquid crystal mol-
ecules of the liquid crystal layer are driven by an electric
field parallel to the first and second substrates in a portion
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corresponding to an opening of the common electrode and in
an overlapping area of the common electrode and the pixel
electrode.

18. The device of claim 15, wherein the common elec-
trode includes a first common electrode pattern having an
opening of a circular shape and a second common electrode
pattern inside the opening, the second common electrode
pattern having a circular band shape.

19. The device of claim 15, wherein the overlapped pixel
electrode and common electrode form a storage capacitor
with an insulating layer interposed therebetween.

20. The device of claim 15, further comprising a black
matrix on an inner surface of the second substrate, the black
matrix including an opening exposing the pixel region and
covering edges of the common electrode.

21. The device of claim 20, wherein the opening has a
circular shape.

22. The device of claim 15, wherein the pixel region has
a rectangular shape.

23. The device of claim 22, wherein the pixel region
corresponds to a sub-pixel, and four sub-pixels of red, green,
blue and white form one pixel.

24. The device of claim 15, further comprising a capacitor
electrode connected to the pixel electrode, the capacitor
electrode overlapping a previous gate line to form a storage
capacitor.

25. The device of claim 15, wherein the thin film tran-
sistor includes a gate electrode extending from the gate line,
a semiconductor layer over the gate electrode, a source
electrode extending from the data line, and a drain electrode
spaced apart from the source electrode.

26. A fringe field switching mode liquid crystal display
device, comprising:

a first substrate;
a gate line on the first substrate,
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;

a common line parallel to and spaced apart from the gate
line;

a common electrode extending from the common line and
having a substantially square shape corresponding to
the pixel region;

a pixel electrode connected to the thin film transistor and
having a spiral shape, the pixel electrode overlapping
the common electrode;

a second substrate facing the first substrate; and

a liquid crystal layer between the first substrate and the
second substrate.

27. A fringe field switching mode liquid crystal display
device, comprising:

a first substrate;
a gate line on the first substrate;
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;
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a pixel electrode connected to the thin film transistor and
having a substantially square shape;

a common line parallel to and spaced apart from the gate
line;

a common electrode extending from the common line and
having an opening of a spiral shape, the common
electrode overlapping the pixel electrode;

a second substrate facing the first substrate; and

a liquid crystal layer between the first substrate and the
second substrate.
28. Amethod of fabricating a fringe field switching mode
liquid crystal display device, comprising:

forming a gate line on a substrate;

forming a data line crossing the gate line to define a pixel
region;

forming a thin film transistor connected to the gate line
and the data line;

forming a common line parallel to and spaced apart from
the gate line;

forming a common electrode extending from the common
line and having a substantially square shape; and

forming a pixel electrode connected to the thin film
transistor and having a ring shape, the pixel electrode
overlapping the common electrode.

29. The method of claim 28, wherein the pixel electrode
and the common electrode are formed of a transparent
conductive material.

30. The method of claim 28, wherein forming the pixel
electrode is performed after forming the common electrode.

31. The method of claim 28, wherein the pixel electrode
includes a plurality of circular and circular band patterns
having different sizes and being concentric.

32. Amethod of fabricating a fringe field switching mode
liquid crystal display device, comprising:

forming a gate line on a substrate;

forming a data line crossing the gate line to define a pixel
region;

forming a thin film transistor connected to the gate line
and the data ling;

forming a pixel electrode connected to the thin film
transistor and having a substantially square shape;

forming a common line parallel to and spaced apart from
the gate line; and

forming a common electrode extending from the common
line and having a circular shape, the common electrode
overlapping the pixel electrode.

33. The method of claim 32, wherein the pixel electrode
and the common electrode are formed of a transparent
conductive material.

34. The method of claim 32, wherein forming the com-
mon electrode is performed after forming the pixel elec-
trode.

35. The method of claim 32, wherein the common elec-
trode includes a first common electrode pattern having an
opening of a circular shape and a second common electrode
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pattern inside the opening, the second common electrode
pattern having a circular band shape.

36. A method of fabricating a fringe field switching mode
liquid crystal display device, comprising:

forming a gate line on a substrate,

forming a data line crossing the gate line to define a pixel
region;

forming a thin film transistor connected to the gate line
and the data line;

forming a common line parallel to and spaced apart from
the gate line;

forming a common electrode extending from the common
line and having a substantially square shape; and

forming a pixel electrode connected to the thin film
transistor and having a spiral shape, the pixel electrode
overlapping the common electrode.
37. A method of fabricating a fringe field switching mode
liquid crystal display device, comprising:

forming a gate line on a substrate;

forming a data line crossing the gate line to define a pixel
region;

forming a thin film transistor connected to the gate line
and the data line;

forming a pixel electrode connected to the thin film
transistor and having a substantially square shape;

forming a common line parallel to and spaced apart from
the gate line; and

forming a common electrode extending from the common
line and having an opening of a spiral shape, the
common electrode overlapping the pixel electrode.
38. A fringe field switching mode liquid crystal display
device, comprising:

a first substrate;
a gate line on the first substrate,
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;

a common line parallel to and spaced apart from the gate
line;

a common electrode connected with the common line;

a pixel electrode connected to the thin film transistor, the
pixel electrode overlapping the common electrode;

a second substrate facing the first substrate; and

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

wherein the pixel and common electrodes are arranged in
a multi-domain structure in which liquid crystals in the
liquid crystal layer are substantially radially aligned
when a potential difference exists between the pixel and
common electrodes.
39. The device of claim 38, wherein a portion of at least
one of the pixel and common electrodes is curved.
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40. The device of claim 39, wherein at least one of the
pixel and common electrodes is substantially square.

41. The device of claim 38, wherein an electric field
between the pixel and common electrodes is substantially
constant independent of the potential difference between the
pixel and common electrodes.

42. The device of claim 38, wherein the pixel and com-
mon electrodes have substantially different shapes.

43. The device of claim 38, wherein at least one of the
pixel and common electrodes has rings.

44. The device of claim 43, wherein a difference between
radii of successive rings is substantially constant.

45. The device of claim 38, wherein at least one of the
pixel and common electrodes has a spiral.

46. The device of claim 45, wherein a difference between
radii of successive laterally adjacent sections of the spiral is
substantially constant.

47. The device of claim 38, wherein the pixel electrode
overlaps another gate line.

48. The device of claim 38, further comprising a black
matrix having an opening that defines an aperture of the
pixel region.

49. The device of claim 48, wherein the opening is larger
than the pixel electrode and smaller than the common
electrode.

50. The device of claim 48, wherein an overlapping
portion of at least one of the common and pixel electrodes
and the black matrix has a curved shape.

51. The device of claim 48, wherein the opening has a
circular shape.

52. The device of claim 38, wherein at least one of the
common and pixel electrodes is substantially symmetric in
all directions around a center of the pixel region.

53. The device of claim 38, wherein the common elec-
trode is substantially square and has a curved opening.

54. The device of claim 53, wherein the pixel electrode is
smaller than the common electrode and larger than the
opening in the common electrode.

55. The device of claim 38, wherein directors of the liquid
crystals are equal in all directions.

56. The device of claim 38, wherein at least one of the
pixel and common electrodes have a section of a curved
shape and a section of a rectangular shape.

57. The device of claim 38, wherein a pixel of the display
contains a set of 2°" adjacent pixel regions, in which n is an
integer.

58. The device of claim 57, further comprising color
filters of different colors formed on the second substrate, the
set of adjacent pixel regions having 2™ different color
filters, where m is an integer less than or equal to n.
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59. The device of claim 57, wherein the pixel and com-
mon electrodes in each pixel region in the set of adjacent
pixel regions have the same shape.

60. The device of claim 57, wherein at least one of the
pixel and common electrodes in a first pixel region in the set
of adjacent pixel regions is a different shape from the pixel
electrode or common electrode in a second pixel region in
the set of adjacent pixel regions.

61. A liquid crystal display device, comprising:

a first substrate;
a gate line on the first substrate;
a data line crossing the gate line to define a pixel region;

a thin film transistor connected to the gate line and the
data line;

a common line parallel to and spaced apart from the gate
line;

a common electrode extending from the common ling;

a pixel electrode connected to the thin film transistor;

a second substrate facing the first substrate;

a liquid crystal layer between the first substrate and the
second substrate; and

wherein one of the common electrode and the pixel
electrode has a substantially rectangular shape and the
other of the common electrode and the pixel electrode
has a curved shape.

62. The liquid crystal display of claim 61 wherein the
shape of electrode that has a curved shape comprises a ring
shape.

63. The liquid crystal display of claim 61 wherein the
shape of electrode that has a curved shape comprise a spiral
shape.

64. The liquid crystal display of claim 61 wherein the
shape of electrode that has a rectangular shape comprise a
substantially square shape.

65. The liquid crystal display of claim 61 wherein the
common electrode has a substantially rectangular shape.

66. The liquid crystal display of claim 61 wherein the
pixel electrode has a curved shape.

67. The liquid crystal display of claim 61 wherein the
pixel electrode overlaps the common electrode.

68. The liquid crystal display of claim 67, wherein the
overlapped pixel electrode and common electrode forms a
storage capacitor with an insulating layer interposed ther-
ebetween.



patsnap

TREBHR(OF) BEGYIMERNRREREEREHIESE
[F(2E)F US20050128401A1 [ (r&)B 2005-06-16
BiES US10/874416 RiEH 2004-06-23

HRBEERRAGE) FEERERAT
BEERR)AGE)  LGERIELCD CO. , LTD.

LFEAF(ER)AGE) LG DISPLAY CO. LTD.

[FRIRBAA LEE YUN BOK

RHEA LEE, YUN-BOK

IPCH %S GO02F1/1343

CPCH¥S G02F2201/122 GO2F1/134363
LR 1020040042621 2004-06-10 KR

1020030090822 2003-12-12 KR

H A0 FF SRR US7304709

SNEBEEHE Espacenet  USPTO

%E({‘%) 138 113388b 138;
PEFUHRERNBRESEESEANNE—NE_ER , RERKE Y

s Lo
ol

HEENZHE. MRENSHREXIHERELRESE —FELHREX

i, EE R AT EEIMRE RIS | ARG TT TR 3 SHHE 9
LIRFF , FEAREMMNAREER, BEEIERIEEIAERS
ARERER, GEERALAHRERPW—NEREELESFRE -4
BAEBEFSIBHER R,



https://share-analytics.zhihuiya.com/view/09905b22-564e-4d86-9bc1-5b8979bb47ca
https://worldwide.espacenet.com/patent/search/family/034656339/publication/US2005128401A1?q=US2005128401A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050128401%22.PGNR.&OS=DN/20050128401&RS=DN/20050128401

