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7) ABSTRACT

A liquid crystal display device including first, second, and
third data lines extending in a first direction on a substrate, the
second data line positioned between the first and third data
lines; a plurality of gate lines extending in a second direction
on the substrate; at least one pixel unit including a first pixel
electrode formed in a first pixel area between the first and
third data lines intersecting the gate lines, at one side of a first
gate line, and a second pixel electrode formed in a second
pixel area between the first and third datalines, at another side
of the first gate line; and at least one circuit unit formed
between the first pixel area and the second pixel area and
including a first transistor in which a first electrode of the first
transistor is connected to the first data line and a second
electrode of the first transistor is connected to the first pixel
electrode, and a second transistor in which a third electrode of
the first transistor is connected to the third data line and a
fourth electrode of the first transistor is connected to the
second pixel electrode.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application No.
10-2013-0161796, filed on Dec. 23, 2013, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the invention

[0003] The present invention relates to a liquid crystal dis-
play device for displaying an image.

[0004] 2. Description of the Prior Art

[0005] Liquid crystal display devices include two or more
transistors and two or more signal lines for supplying signals
to pixel electrodes for displaying an image.

[0006] Although liquid crystal display devices are becom-
ing thinner, lighter, portable, and have higher-performance
and improved operational characteristics, liquid crystal dis-
play devices in related art have poor transmittance ratios.

SUMMARY OF THE INVENTION

[0007] An aspect of the present invention is to increase a
transmittance ratio of a liquid crystal display device.

[0008] Inparticular, an aspect of the present invention is to
provide a pixel arrangement technology for increasing a
transmittance ratio of a liquid crystal display device.

[0009] Another aspect of the present invention is to provide
a pixel structure technology for increasing a transmittance
ratio of a liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0011] FIG. 1 is a plan view illustrating a part of a liquid
crystal display device according to an embodiment of the
present invention;

[0012] FIG. 2 is a partially enlarged view illustrating an
area A of FIG. 1;

[0013] FIG. 3 is a sectional view illustrating an example
taken along line I-I' of FIG. 2;

[0014] FIG. 4 is a sectional view illustrating another modi-
fied example of a pixel electrode and a common electrode of
FIG. 3;

[0015] FIG. 5 is a plan view illustrating a part of a liquid
crystal display device according to another embodiment of
the present invention;

[0016] FIG. 6 is a plan view illustrating a part of a liquid
crystal display device according to yet another embodiment
of the present invention;

[0017] FIG. 7 is a partially enlarged view illustrating an
area A of FIG. 6;

[0018] FIG. 8 is a sectional view illustrating an example
taken along line II-II' of FIG. 7; and

[0019] FIG. 9 is a plan view illustrating a part of a liquid
crystal display device according to yet another embodiment
of the present invention.

Jun. 25, 2015

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0020] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the exemplary
drawings. In the following description, the same elements
will be designated by the same reference numerals although
they are shown in different drawings. Further, in the following
description of the present invention, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the present
invention rather unclear.

[0021] In the description of the elements of the present
invention, terms “first”, “second”, “A”, “B”, “(a)”, “(b)” and
the like may be used. These terms are merely used to distin-
guish one structural element from other structural elements,
and a property, an order, a sequence and the like of a corre-
sponding structural element are not limited by the term. It
should be noted that if it is described in the specification that
one component is “connected,” “coupled” or “joined” to
another component, a third component may be “connected,”
“coupled,” and “joined” between the first and second compo-
nents, although the first component may be directly con-
nected, coupled or joined to the second component. Likewise,
when it is described that a certain element is formed “on” or
“under” another element, it should be understood that the
certain element may be formed either directly or indirectly
via a still another element on or under the another element.
[0022] FIG. 1 is a plan view illustrating a part of a liquid
crystal display device according to an embodiment of the
present invention.

[0023] Referring to FIG. 1, a liquid crystal display device
100 includes, on a substrate 110, m (m is a natural number
larger than 2) data lines DL extending in a first direction to
transmit a data signal, and n (n is a natural number larger than
2) gate lines GL extending in the first direction to transmit a
gate signal.

[0024] The liquid crystal display device 100 includes two
pixel areas PA. and onecircuit area CA formed there between,
which are defined at each of intersection points at which one
gate line and two data lines cross each other on the substrate
110. Two pixel electrodes PE constituting one pixel unit are
formed at each pixel area PA. Two transistors TR constituting
one circuit unit are formed in the circuit area CA.

[0025] One pixel electrode among the two pixel electrodes
PE in each pixel unit and one transistor among the two tran-
sistors TR in each circuit unit constitute one pixel P. Further,
the other pixel electrode and the other transistor constitute
one pixel P.

[0026] For example, as illustrated in FIG. 1, in the liquid
crystal display device 100, an (x, y)” transistor TR, 4 18
formed in an (x, y)” circuit area CA,,, wherean x™ data line
DL, (x is a natural number larger than 0 and equal to or
smaller than n) and a y* gate line GL, (y is a natural number
larger than 0 and equal to or smaller than m) intersect. Mean-
while, an (x+1,y)” transistor TR (11, 18 formedin the (x, y)*
circuit area CA,, ) where an (x+1)" data line DL, , and the
y” gate line DL, intersect. The (x, y)” transistor TR, , and
the (x+1, y)* transistor TRy, 5 in the (x, y)* circuit area
CA, ,,constitutea (%, y¥” circuit unit. Equally, an (x+2, y)*
transistor anda (x+3,y)” transistor in an (x+2, y)* circuit area
constitute a (x+2, y)* circuit unit. (1, ), 3, y)*, (5, y)™, ..
., (m-3,y)”,and (m-1,y)” circuit units related to the yth gate
line may be configured by the same scheme.
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[0027] Equally, an (x, y+1)” transistor is formed in an (x,
y+1)* circuit area where the x* data line and a (y+1)™ gate
line intersect. Meanwhile, an (x+1, y+1)™ transistor is formed
in an (x, y+1)* circuit area where an (x+1)* data line and a
(y+1)" gate line intersect each other. Equally, an (x+2, y+1)*
transistor and an (x+3, y+1)* transistor in an (x+2, y+1)*
circuitarea CA,,, .,y constitute an (x+2, y+1 Y circuit unit.
(1, y+D* (3, y+ 1), (5, y+1)" ..., (m-3, y+1)*, and (m-1,
y+1)* circuit units related to the (y+1)” gate line may be
configured in the same scheme.

[0028] Meanwhile, an (x, y)” pixel electrade PE, ., con-
nected to one electrode of the (x, y)” transistor TR, , is
formed between the x” data line DL, and an (x+2)” data line
DL, , , at an upper portion of'a y* gate line GL,, At this time,
the (x, y)™ pixel electrode PE,, ., may be formed across the
(x+1)” data line DL,,,, in an (x, y)” pixel area PA,, ,,. The
entire shape of the (x, y)* pixel electrode PE ., extends
across the (x+1)” data line DL , in the first direction. There-
fore, although the (x, y)* pixel electrode PE , has an
approximately rectangular shape of which a length of a sec-
ond direction is longer than the first direction, the (x, y)” pixel
electrode PE,, ) is not limited thereto. Hereinafter, other
pixel electrodes may have an approximately rectangular
shape of which a length in the second direction is longer than
a length in the first direction.

[0029] Equally, the (x+1, y)™ pixel electrode PE,,, , con-
nected to one electrode of the (x+1, y)* transistor TR()C+ Lyls
formed between the x” data line DL, and the (x+2)” data line
DL_, ,atalower portion of the yth gate line GL,. At this time,
the (x+1, y)™ pixel electrode PE,.,,, ,, may be formed across
the (x+1)” data line DL, , in the (x, y)* pixel area PA,

X @)

[0030] At this time, the (x, y)* pixel electrode and the (x+1,
y)” pixel electrode constitute an (x, y)* pixel unit. Equally,
the (x+2,y)” pixel electrode and the (x+3, y)” pixel electrode
constitute an (x+2, y)* pixel unit. All of pixel units related to
the yth gate line GL,, may be configured in the same scheme.

[0031] Equally, an (x, y+1)* pixel electrode connected to
one electrode of an (x, y+1)” transistor is formed across an
(x+1)" data line DL, , at an (x, y+1)” pixel area between the
x™ data line DL, and the (x+2)” data line DL, at an upper
portion of a (y+1)” gate late GL,,,. Bqually, an (x+1, y+1)?
pixel electrode connected to one electrode of an (x+1, y+1)”
transistor is formed across an (x+1)” data line DL, atan (x,
y+1)” pixel area between the x” data line DLx and the (x+2)”
data line DL, at a lower portion of the (y+1)” gate line
GL.., . Equally, the (x+2, y+1)" pixel electrode and the (x+3,
y+1)” pixel electrode constitute an (x+2, y+1)” pixel unit. All
of pixel units related to the (y+1)” gate line GL,,, may be

configured in the same scheme.

[0032] A common electrode formed by a continuous sut-
face may be formed at an upper portion or a lower portion of
each of two pixel electrodes of one pixel unit. For example, a
common electrode CE 226 (referring to FIG. 3, discussed
below) formed by a continuous surface can be formed at an
upper portion or a lower portion of each (x, y)* pixel elec-
trode PE,,_, ofthe (x,y)” pixelarea PA , , andthe (x+1,y)"
pixel electrode PE,,, , of the (x+1,y) " pixel area PA .1
in the y” gate line GL,,

[0033] Each of pixel electrodes PE of each pixel unit has
oneormore slits which is sloped by a predetermined angle. At
this time, directions of slits in the pixel electrodes PEs in the
two pixel units adjacent to the same gate line may be equal to
each other. Meanwhile, the directions of the slits in the pixel
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electrodes PEs in the two pixel units adjacent to the same gate
line GL may be symmetric to the first direction.

[0034] Directions of slits in the (x, y)* pixel electrode PE
» of the (x, y)” pixel area PA, , and the (x+2, y)” pixel
electrode PE,,, ,, of the (x+2, y)ﬂr pixelareaPA ., ,,inthe
y" gate line GL, are sloped to be symmetric to the first
direction. Thus, the symmetric slits in the (x, y)” pixel elec-
trode PE, ,; and the (x+2, y)” pixel electrode PE. , con-
stitute a 2-domain. Accordingly, a symmetric characteristic of
aviewing angle ofthe liquid crystal display device 100 can be
improved.

[0035] The liquid crystal display device 100 includes a
color filter substrate in which a color filter is formed in accor-
dance with a pixel area and a black matrix is formed in
accordance with a circuit area. Further, in the liquid crystal
display device 100 according to an embodiment, liquid crys-
tal is injected between the substrate 110 in which the pixel
area and the circuit area are defined and the color filter sub-
strate in which the color filter and the black matrix are formed.
In the liquid crystal display device 100 according to an
embodiment, to maintain the pixel areas, the substrate 110 in
which the circuit areas are defined, and a cell gap of the color
filter substrate in which the color filter and the black matrix
are formed, a cell space may be formed in the circuit areas and
may be also formed in areas other than the circuit areas.
[0036] Next, FIG. 2 is a partially enlarged view illustrating
one pixel unit and one circuit unit of FIG. 1. A circuit unit is
formed at a circuit area CA between a first pixel area PA, and
a second pixel area PA,. The circuit unit includes two tran-
sistors TR, and TR, formed in the circuit area CA.

[0037] In the first transistor TR, a first electrode 210 is
connected to a first data line DL, and a second electrode 212
is connected to a first pixel electrode 214. The first electrode
210 and the second electrode 212 of the first transistor TR | are
connected to a semiconductor layer 215.

[0038] Inthesecond transistor TR,, a third electrode 216 is
connected to a second data line DL, and a fourth electrode
218 is connected to a second pixel electrode 220. The third
electrode 216 and the fourth electrode 218 of the second
transistor TR, are connected to a semiconductor layer 219.
[0039] The pixel unit includes a first pixel electrode 214
formed in the first pixel area PA, defined by one side of the
gate line GL by first and third data lines DL, and [[DL,]] DL,
intersecting the gate lines GLs, and a second pixel electrode
220 formed in the second pixel area PA, defined by the other
side of the gate line GL.

[0040] At this time, the first pixel area PA | and the second
pixel area PA, are defined across the second data line DL,.
Further, the first pixel electrode 214 and the second pixel
electrode 220 are defined across the second data line DL,. The
entire shape of each of the first pixel electrode 214 and the
second pixel electrode 220 correspond to an approximately
rectangular shape of which a length of the second direction is
longer than a length of the first direction. Although the first
pixel electrode 214 and the second pixel electrode 220 may be
formed of a metallic oxide or a transparent conductive mate-
rial such as TiO,, ITO and 170, the present invention is not
limited thereto, and the first pixel electrode 214 and the sec-
ond pixel electrode 220 may be formed of Cu, Al, Ti, Mo or an
alloy of them.

[0041] One or more slits 222 and 224 which are sloped by
a predetermined angle are formed in the first pixel electrode
214 and the second pixel electrode 220. A direction of the slits
222 of the first pixel electrode 214 and a direction of the slits
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224 of the second pixel electrode 220 may be equal to each
other. But the direction ofthe slits 222 and the direction of the
slits 224 may be unequal to each other. In other words, a
direction of the slits 222 of the first pixel electrode 214 and a
direction of the slits 224 of the second pixel electrode 220 are
sloped by a predetermined angle in the same direction. Mean-
while, a direction of the slits 222 of the first pixel electrode
214 and a direction of the slits 224 of the second pixel elec-
trode 220 may be sloped by a predetermined angle to be
symmetric to the first direction.

[0042] Meanwhile, a common electrode 226 formed by a
continuous surface is formed at a lower portion of a layer of
the first pixel electrode 214 and the second pixel electrode
220. At this time, the common electrode 226 may be formed
at an upper portion of the first pixel electrode 214 and the
second pixel electrode 220. Although the common electrode
226 may be formed of a metallic oxide or a transparent con-
ductive material such as TiO,, ITO and IZO, the present
invention is not limited thereto, and the common electrode
226 may be formed of Cu, Al, Ti, Mo or an alloy of them.
[0043] Although it has been described in the aforemen-
tioned example that the first pixel electrode 214 and the
second pixel electrode 220 include one or more slits 222 and
224 which are sloped by a predetermined angle in the same
direction or in a symmetric direction, and the common elec-
trode 226 formed by the continuous surface is formed at an
upper portion ora lower portion of the first pixel electrode 214
and the second pixel electrode 220, the present invention is
not limited thereto. The common electrode 226 may include
one or more slits sloped by a predetermined angle in the same
direction or in a symmetric direction, the first pixel electrode
is formed at the first pixel formed by the continuous surface at
an upper portion or a lower portion of the common electrode
226, and the second pixel electrode is formed at the second
pixel area formed by the continuous surface at the upper
portion or the lower portion of the common electrode 226.
[0044] Next, FIG. 3 is a sectional view illustrating an
example taken along line I-I' of FIG. 2. A gate electrode 228
1s formed in the circuit area CA on the substrate 110. A gate
line GL is formed in a second direction integrally with the
gate electrode 228. A gate pad is formed at an end of the gate
line GL..

[0045] An insulation layer, for example, a gate insulation
layer 230 is formed on the substrate 110 where the gate
electrode 228 and the gate line GL are formed.

[0046] A semiconductor layer 215 is formed in the circuit
area CA on the substrate 110 where the gate insulation layer
2301s formed. Although the semiconductor layer 215 may be
formed by an oxide semiconductor, the present invention is
not limited thereto, and the semiconductor layer 215 may be
formed of one of poly-silicon, pure amorphous silicon, and
impure amorphous silicon. When the semiconductor layer
215 is formed of an oxide semiconductor, a source area 234
and a drain area 236 may be formed by making the oxide
semiconductor a conductor (by improving a conductivity of
the oxide semiconductor) in an inert gas atmosphere. When
the semiconductor layer 215 is formed of an oxide semicon-
ductor, an electric charge mobility of the semiconductor layer
215 is high, so that the semiconductor layer 215 is formed to
have a small size. Accordingly, the circuit area CA is reduced
and the pixel area PA is enlarged, so that an aperture ratio may
increase.

[0047] A source electrode 238 is formed in the circuit area
CA on the source area 234 of the semiconductor layer 215 of
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the substrate 110 where the semiconductor layer 215 is
formed, and a drain electrode 240 is formed in the drain area
236 of the semiconductor layer 215. At this time, the data line
DL is formed in the first direction, and the data line DL and
the source electrode 238 are integrally formed.

[0048] Another insulation layer, for example, an inter-layer
insulation layer 242 is formed on the data line DL and the
source/drain electrodes 238 and 240. A contact hole 244, by
which the pixel electrode 214 is subsequently connected to
the drain area 236 of the semiconductor layer 215, is formed
in the inter-layer insulation layer 242.

[0049] The common electrode 226 formed by the continu-
ous surface is formed on the inter-layer insulation layer 242
and under a layer of the pixel electrodes 214. The common
electrode 226 is connected to a common electrode of an
adjacent pixel unit through a common line or a connection
pattern. Although the common electrode 226 is formed by the
continuous surface, the common electrode 226 may include
one or more slits formed between the slits of the pixel elec-
trode 214.

[0050] Another insulation layer, for example, a protection
layer 246 is formed on the common electrode 226 and a
common line CL. In the protection layer 246, the contact hole
244, by which the pixel electrode 214 is subsequently con-
nected to the drain area 236 of the semiconductor layer 215,
extends from the inter-layer insulation layer 242.

[0051] The pixel electrode 214, in which two or more slits
222 sloped by a predetermined angle are formed in the pixel
area PA, is formed on the protection layer 246. The pixel
electrode 214 is connected to the drain electrode 240 of the
semiconductor layer 215 through the contact hole 244 formed
in the inter-layer insulation layer 242 and the protection layer
246. A voltage is applied to each of the pixel electrode 214
having two or more slits 222 and the common electrode 226
formed by the surface, so that an electric field can be formed.
[0052] An alignment layer 248 aligned in the second direc-
tion by rubbing or optical alignment (for example, ultraviolet
irradiation) is formed on the substrate 110.

[0053] Asillustrated in FIGS. 1 to 3, the pixel electrode 214
is formed to have a rectangular shape of which a length in the
second direction is longer than a length in the first direction,
and the slit is applied in the second direction (for example, a
horizontal direction of FIG. 1), so that a rubbing direction of
the alignment layer 248 can progress in the second direction.
Thus, although a cell space is formed in the pixel unit, when
the alignment layer passes the cell space when being rubbed,
a rubbing shadow area, that is, a rubbing tail is necessarily
generated in the second direction, that is, toward the circuit
area.

[0054] As aresult, by using an oxide semiconductor having
a high mobility, such as a semiconductor layer, a transistor is
designed to be smaller than amorphous silicon, and a cell
space and a rubbing tail are located between the pixel areas.
Therefore, a width of a black matrix formed on a color filter
substrate is minimized, and a transmittance ratio of the liquid
crystal display device can be improved.

[0055] Further, in the aforementioned embodiment, the
pixel electrodes 214 are formed to have a rectangular shape of
which a length of the first direction is longer than a length of
the second direction, the slits 222 of the pixel electrodes 214
are formed in one straight line, and the slits of the two adja-
cent pixel electrodes are disposed symmetrically to each
other. Thus, multiple domains may be formed. Because the
slits of the two adjacent pixel electrodes are disposed sym-
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metrically to each other, liquid crystal disclination is pre-
vented. In addition, the multiple dimensions are formed and
the transmittance ratio can also be improved.

[0056] Next, in FIG. 4, the gate electrode 228, the semicon-
ductor layer 215, the data line DL, and the source/drain elec-
trodes 238 and 240 are formed in the circuit area on the
substrate 110, which is the same as that of F1G. 3.

[0057] An inter-layer insulation layer 242 is formed on the
dataline DL and the source/drain electrodes 238 and 240. The
contact hole 244 is formed in the inter-layer insulation layer
242.

[0058] A pixel electrode 214a is formed on the inter-layer
insulation layer 242. The pixel electrode 2144 is connected to
the drain electrode 240 through the contact hole 244 formed
in the inter-layer insulation layer 242. The pixel electrode
214a is formed by a surface and the common electrode 226a
may include one or more slits formed between the slits 2265
of the common electrode 226a.

[0059] The protection layer 246 is formed on the pixel
electrode 214a.
[0060] The common electrode 2264, in which two or more

slits 2265 sloped by a predetermined angle are formed, is
formed on the protection layer 246. The common electrode
226a is connected to a common electrode of an adjacent pixel
unit through a common line CL or a connection pattern.
[0061] Analignment layer 248 aligned in the second direc-
tion by rubbing or optical alignment (for example, ultraviolet
irradiation) is formed on the substrate 110.

[0062] Next, in FIG. 5, a liquid crystal display device 500
according to another embodiment includes pixel units and
circuit units formed in a yth gate line. The pixel units are the
same as those of the liquid crystal display device 100
described with reference to FIG. 1.

[0063] Two pixel areas PA  andPA  ,  are formed at
an upper side and a lower side with respect to a plan surface
of a y” gate line GL, between an x™ data line DL and an
(x+2)" data line intersecting the y” gate line GL,, a circuit
areaCA, ,is formed between the two pixel areas PA  ,and
PA ., - Atthis time, an (x+1)™ data line DL_, , extends in
the first direction across the pixel areas PA, ,; and PA
and the circuit area CA, ;.

[0064] A source electrode of one transistor TR, , of the
circuit area CA,, , of the upper side with respect to the plan
surface of the y™ gate line GL, is connected to the x” data line
DL,, and a drain electrode of the transistor TR, , is con-
nected to the pixel electrode PE, ; of the pixel area PA , , of
the upper side.

[0065] Further, a source electrode of another transistor
TR.,,, , of the circuitarea CA ., , of the lower side with
respect to the plan surface of the yth gate line GL, is con-
nected to the (x+1)” data line DI, ,, and a drain electrode of
the transistor TR, ., is connected to the pixel electrode
PE,, ,,of the pixel area PA ., ., of the lower side.

[0066] Meanwhile, a pixel unit and a circuit unit formed in
a (y+1)” gate line GL,,,, is shifted by one data line DL unit
with respect to the pixel unit and the circuit unit formed in the
y"” gate line GL,. In other words, the pixel unit and the circuit
unit formed ina (y+1)* gate line GL,,,, and the pixel unit and
the circuit unit formed in the y* gate line GL, are shifted by
one data line DL unit.

[0067] In detail, two pixel areas PA,_, ., yand PA
are defined at an upper side and a lower side with respect to a
plan surface of a (y+1)* gate line GL,,, between an (x-1)*
dataline DL, _, and an (x+1)” data line DL, , intersecting the

(x+1, ¥)
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(y+1)” gate line GL, , a circuit area CA(_, . is defined
between the two pixel areas PA,_, ., and PA, ). At this
time, an xth data line DL extends in the first direction across
the pixel areas PA,_, ., and PA _,, and the circuit area
CAL 1y

[0068] A source electrode of one transistor TR,_, .,y of
the circuit area CA,_, ., is connected to the (x-1)" data
line DL,_,, a drain electrode of the transistor TR, .,y is
connected to a pixel electrode PE,_, ., of the pixel area of
the upper side.

[0069] Further, a source electrode of one transistor TR
y+1) of the circuit area CA, ..., is connected to the x” data
line DL,, and a drain electrode of the transistor TR, )y is
connected to the pixel electrode PE , of the pixel area
PA_) .15 of the lower side.

[0070] As aresult, the liquid crystal display device 500 has
a pixel arrangement in which about half of the two pixel
electrodes PE, , and PE,,, ,, formed at upper and lower
sides of the y” gate line GL, merely overlap about half of the
two pixel electrodes PE, _; ,,yandPE,, ,,,,formedatupper
and lower sides of the (y+1)” gate line GL,,;-

[0071] Next, in FIG. 6, a liquid crystal display device 600
according to yet another embodiment has the same pixel
arrangement as that of the liquid crystal display device 500
described with reference to FIG. 5. Further, each pixel struc-
ture is substantially equal to the pixel structure described with
reference to FIGS. 2 to 3.

[0072] However, in the liquid crystal display device 600
according to yet another embodiment, an auxiliary common
electrode ACE is formed between a pixel area defined at an
upper side of the y* gate line GL, and a pixel area defined at
a lower side of the (y-1)" gate line GL,_,.

[0073] Equally, an auxiliary common electrode ACE is
formed evenly spaced between a pixel area defined at a lower
side of the y” gate line GL, and a pixel area defined at an
upper side of the (y+1)" gate line GL,,,.

[0074] Totally, the auxiliary common electrodes ACEs are
formed between the pixel areas defined at upper and lower
sides of a specific gate line and the adjacent pixel areas of the
adjacent gate lines. In the display device 600, although the
auxiliary common electrodes ACEs may be formed between
all gate lines, respectively, the auxiliary common electrodes
ACEs may be regularly or irregularly formed between spe-
cific gate lines.

[0075] Next, in FIG. 8, a pixel structure includes the gate
electrode 228 and the source/drain electrodes 238 and 240
formed on at least one of the gate insulation layer 230, the
inter-layer insulation layer 242, and the protection layer 246.
The pixel structure includes the transistor TR, the common
electrode 226, and the semiconductor layer 215 (referring to
FIG. 2). The pixel electrode 214 includes one or more slits
222 that are formed on the substrate 110 (referring to FIG. 1).
The pixel structure as shown in FIG. 8 is substantially equal to
the pixel structure described with reference to FIG. 3.
[0076] However, an auxiliary common electrode ACE is
formed on the same layer on the substrate 110 (referring to
FIG. 1) where the gate electrode 228 and the gate line GL
(referring to FIG. 1) are formed. When the gate electrode 228
and the gate line GL are formed, the auxiliary common elec-
trode ACE may be formed of the same material as that of the
gate electrode 228 and the gate line GL to be substantially
parallel to the gate line GL and to have a stripe shape.
[0077] In addition, a contact hole 644 for the auxiliary
common electrode ACE is formed on the gate insulation layer
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230 and the inter-layer insulation layer 242 (referring to
FIGS. 6 to 8). The common electrode 226 is connected to the
auxiliary common electrode ACE through the contact hole
644 for the auxiliary common electrode ACE. The contact
hole 644 for the auxiliary common electrode ACE may be
formed in any location within the display device in which
another conductive material is not formed between the com-
mon electrode 226 and the contact hole 644 for the auxiliary
common electrode ACE.

[0078] The common electrode 226 may be a transparent
conductive material and may have a surface electrode struc-
ture or a cylindrical electrode structure. Thus, an area of the
common electrode 226 is wide so that a sheet resistance may
be relatively high. When the liquid crystal display device has
a large area and high resolution, the sheet resistance of the
common electrode is relatively high, so that a greenish color
may occur. When the common electrode 226, which is the
surface electrode, is configured of a transparent conductive
material to increase a transmittance ratio, the auxiliary com-
mon electrode ACE 644 conducted to the common electrode
226 and formed of a low resistive material is formed, so that
the greenish color can be improved by decreasing the surface
resistance.

[0079] Although it is described in the aforementioned
embodiment that the auxiliary common electrode ACE is
formed of the same material as that of the gate electrode 228
and the gate line GL to be substantially parallel to the gate line
GL and have a stripe shape, the present invention is not
limited thereto. The auxiliary common electrode ACE may be
formed by a separate low resistance metal layer.

[0080] Although the pixel structure as shown in FIG. 8 is
equal to the pixel structure described with reference to FIG. 3,
the pixel structure as shown in FIG. 8 may be equal to the
pixel structure described with reference to FIG. 4. In other
words, the common electrode may be formed on the protec-
tion layer, so that the contact hole for connecting the common
electrode and the auxiliary common electrode ACE to each
other may be continuously formed in the protection layer, the
inter-layer insulation layer, and the gate insulation layer. The
common electrode and the auxiliary common electrode ACE
may be connected to each other through the contact hole.
[0081] Next, in FIG. 9, a liquid crystal display device 900
according to yet another embodiment has the same pixel
arrangement or the same pixel structure as that of the liquid
crystal display device 600 described with reference to FIG. 6.
[0082] However, a contact hole 944 for an auxiliary com-
mon electrode ACE for connecting the common electrode 226
and the auxiliary common electrode ACE is formed on a
non-active area other than an active area of the display device,
and the common electrode 226 and the auxiliary common
electrode ACE are connected to each other through the con-
tact hole 944 for the auxiliary common electrode ACE. The
auxiliary common electrodes ACEs formed between pixel
areas of different gate lines GL parallel to the gate line GL
may be connected to the common electrodes 226 through the
contact hole 944 for the auxiliary common electrode ACE,
respectively.

[0083] As illustrated in FIG. 6, the contact hole 944 for the
auxiliary common electrode ACE for connecting the common
electrode 266 and the auxiliary common electrode ACE 1is
formed within the active area of the display panel. As illus-
trated in FIG. 9, the contact hole 944 for the auxiliary com-
mon electrode ACE may be also formed on the non-active
area of the display panel. In this case, as illustrated in FIG. 6,
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the number of the contact holes 644 for the auxiliary common
electrode ACE for connecting the common electrode 226 and
the auxiliary common electrode ACE may be relatively
decreased, and the contact hole 944 for the auxiliary common
electrode ACE may be formed on areas other than the active
area of the display panel.
[0084] Further, although it has been described that the pixel
arrangements of the liquid crystal display devices 600 and
900 described with reference to FIGS. 6 to 9 are equal to the
pixel arrangement of the liquid crystal display device 500
described with reference to FIG. 5, the pixel arrangements of
the liquid crystal display devices 600 and 900 may be equal to
the pixel arrangement of the liquid crystal display device 100
described with reference to FIG. 1.
[0085] In the liquid crystal display devices 600 and 900
described with reference to FIGS. 6 to 9, respectively, when
the gate electrode and the gate line are formed on the same
layer on the substrate in which the gate electrode and the gate
line are formed, the auxiliary common electrodes ACE are
formed of the same material as that of the gate electrode 228
and the gate line GL to be substantially parallel to the gate line
GL and to have a stripe shape. However, the present invention
is not limited thereto.
[0086] The terms “includes”, “constitutes”, or “has” men-
tioned above mean that a corresponding structural element is
included unless they have no reverse meaning. Accordingly, it
should be interpreted that the terms may not exclude but
further include other structural elements. All the terms that
are technical, scientific or otherwise agree with the meanings
as understood by a person skilled in the art unless defined to
the contrary. A term ordinarily used like that defined by a
dictionary shall be construed that it has a meaning equal to
that in the context of a related description, and shall not be
construed in an ideal or excessively formal meaning unless it
is clearly defined in the present specification.
[0087] Although the embodiments of the present invention
have been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention. Therefore, the exemplary
embodiments of the present invention disclosed herein are
intended to illustrate the scope of the technical idea of the
present invention, and the scope of the present invention is not
limited by the exemplary embodiments. The scope of the
present invention shall be construed on the basis of the
accompanying claims in such a manner that all of the techni-
cal ideas included within the scope equivalent to the claims
belong to the present invention.
What is claimed is:
1. A liquid crystal display device, comprising:
first, second, and third data lines extending in a first direc-
tion on a substrate, the second data line positioned
between the first and third data lines;
a plurality of gate lines extending in a second direction on
the substrate;
at least one pixel unit including a first pixel electrode
formed in a first pixel area between the first and third
data lines intersecting the gate lines, at one side of a first
gate line, and a second pixel electrode formed in a sec-
ond pixel area between the first and third data lines, at
another side of the first gate line; and
at least one circuit unit formed between the first pixel area
and the second pixel area and including a first transistor
in which a first electrode of the first transistor is con-
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nected to the first data line and a second electrode of the
first transistor is connected to the first pixel electrode,
and a second transistor in which a third electrode of the
first transistor is connected to the third data line and a
fourth electrode of the first transistor is connected to the
second pixel electrode.

2. The liquid crystal display device of claim 1, further
comprising:

fourth and fifth data lines,

wherein the at least one pixel unit includes a third pixel
electrode formed in a third pixel area between the third
and fifth data lines intersecting the gate lines, at the one
side of the first gate line, and a fourth pixel electrode
formed in a fourth pixel area between the third and fifth
data lines, at the another side of the first gate line, and

wherein the first pixel electrode includes slits in a first
diagonal direction for a first domain and the second pixel
electrode includes slits in a second diagonal direction for
a second domain.

3. The liquid crystal display device of claim 1, wherein the

fourth data line is between the third and fifth data lines.

4. The liquid crystal display device of claim 1, wherein the
slits in the first pixel electrode are symmetrical to the slits in
the third pixel electrode.

5. The liquid crystal display device of claim 1, wherein
angles of all of the slits in the first pixel electrode are positive
and angles of all of the slits in the third pixel electrode are
negative.

6. The liquid crystal display device of claim 1, wherein the
slits in the first and third pixel electrodes are in third and
fourth directions, respectively, in the substrate, and

wherein the first and second directions are vertical and
horizontal, respectively, and the third and fourth direc-
tions are diagonal.

7. The liquid crystal display device of claim 6, wherein the
slits in the first pixel electrode are symmetrical to the slits in
the third pixel electrode.

8. The liquid crystal display device of claim 1, further
comprising:

a gate electrode formed on the substrate;

a gate insulation layer formed on the gate electrode,
wherein the second electrode is formed on the gate insu-
lation layer;

source and drain areas formed on the gate insulation layer
on opposite sides of the second electrode; and

source and drain electrodes formed on the source and drain
areas, respectively.

9. The liquid crystal display device of claim 8, further

comprising:

an inter-layer insulation layer formed on the source and
drain electrodes, the second electrode, and the gate insu-
lation layer;

a common electrode formed on the inter-layer insulation
layer;

a protection layer formed on the inter-layer insulation
layer; and

a contact hole formed through the inter-layer insulation
layer and the protection layer,

wherein the first pixel electrode and the second pixel elec-
trode are formed diagonally to the data lines and the gate
lines, and

wherein the first electrode and the second electrode are
connected to a semiconductor layer.
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10. The liquid crystal display device of claim 9, wherein
the fourth data line overlaps the third pixel area and is
between the third and fifth data lines, and

wherein the slits in the first pixel electrode are symmetrical

to the slits in the third pixel electrode.

11. A liquid crystal display device, comprising:

first, second, and third data lines extending in a first direc-

tion on a substrate;

a plurality of gate lines extending in a second direction on

the substrate;

at least one pixel unit including a first pixel electrode

formed in a first pixel area between the first and third
data lines intersecting the gate lines, at one side of a first
gate line, and a second pixel electrode formed in a sec-
ond pixel area between the first and third data lines, at
another side of the first gate line; and

at least one circuit unit formed between the first pixel area

and the second pixel area and including a first transistor
in which a first electrode of the first transistor is con-
nected to the first data line and a second electrode of the
first transistor is connected to the first pixel electrode,
and a second transistor in which a third electrode of the
second transistor is connected to the third data line and a
fourth electrode of the second transistor is connected to
the second pixel electrode,

wherein the second data line is positioned between the first

and third data lines to intersect the first pixel area.
12. The liquid crystal display device of claim 11, further
comprising:
fourth and fifth data lines,
wherein the at least one pixel unit includes a third pixel
electrode formed in a third pixel area between the third
and fifth data lines intersecting the gate lines, at the one
side of the first gate line, and a fourth pixel electrode
formed in a fourth pixel area between the third and fifth
data lines, at the another side of the first gate line,

wherein the first pixel electrode includes slits in a first
diagonal direction for a first domain and the second pixel
electrode includes slits ina second diagonal direction for
a second domain, and

wherein the fourth data line is positioned between the third

and fifth data lines to intersect the third pixel area.

13. The liquid crystal display device of claim 11, wherein
the fourth data line “is between the third and fifth data lines.

14. The liquid crystal display device of claim 11, wherein
the slits in the first pixel electrode are symmetrical to the slits
in the third pixel electrode.

15. The liquid crystal display device of claim 11, wherein
angles of all of the slits in the first pixel electrode are positive
and angles of all of the slits in the third pixel electrode are
negative.

16. The liquid crystal display device of claim 11, wherein
the slits in the first and third pixel electrodes are in third and
fourth directions, respectively, in the substrate, and

wherein the first and second directions are vertical and

horizontal, respectively, and the third and fourth direc-
tions are diagonal.

17. The liquid crystal display device of claim 16, wherein
the slits in the first pixel electrode are symmetrical to the slits
in the third pixel electrode.

18. The liquid crystal display device of claim 11, further
comprising:
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a gate electrode formed on the substrate;

a gate insulation layer formed on the gate electrode,
wherein the second electrode is formed on the gate insu-
lation layer;

source and drain areas formed on the gate insulation layer
on opposite sides of the second electrode; and

source and drain electrodes formed on the source and drain
areas, respectively.

19. The liquid crystal display device of claim 18, further

comptrising:

an inter-layer insulation layer formed on the source and
drain electrodes, second electrode, and gate insulation
layer;

a common electrode formed on the inter-layer insulation
layer;

a protection layer formed on the inter-layer insulation
layer; and

a contact hole foamed through the inter-layer insulation
layer and protection layer,

wherein the first pixel electrode and the second pixel elec-
trode are formed diagonally to the data lines and the gate
lines, and

wherein the first electrode and the second electrode are
connected to a semiconductor layer.
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20. A liquid crystal display device, comprising:

first, second, and third data lines extending in a vertical
direction on a substrate;

a first gate line extending in a horizontal direction and
intersecting the first, second, and third data lines on the
substrate;

at least one pixel unit including a first pixel electrode
formed in a first pixel area between the first and third
data lines, at one side of the first gate line, and a second
pixel electrode formed in a second pixel area between
the first and third data lines, at another side of the first
gate line; and

first and second transistors connected to the first and third
data lines and formed in the first and second pixel areas,
respectively,

wherein the slits in the first and third pixel electrodes are in
third and fourth directions, respectively, in the substrate,

wherein the first and second directions are vertical and
horizontal, respectively, and the third and fourth direc-
tions are diagonal, and

wherein the slits in the first pixel electrode are symmetrical
to the slits in the third pixel electrode.
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