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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2007-0077434, filed on Aug. 1, 2007 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF INVENTION

[0002] 1. Field of Invention

[0003] Apparatus consistent with the present invention
relates to a display device and, more particularly, to a display
device having improved image quality.

[0004] 2. Description of Related Art

[0005] To overcome the poor viewing angle exhibited by
LCD display devices, a vertically aligned (VA) mode multi-
domain structure is sometimes used which divides a pixel into
a plurality of domains. In the VA mode, the major axis of the
liquid crystal molecules is oriented vertically with respect to
the opposite substrates. A pixel refers to a minimum unit
displaying an image. The LCD device of VA mode induces
the liquid crystal in the respective domains to have a pre-tilt
direction that is different for each domain.

[0006] However, the LCD device using the VA mode with
multi domain structure has a lower aperture ratio and the
display device will have lower light efficiency.

[0007] An LCD device may be generally driven by dot
reverse driving or column reverse driving.

[0008] However, it is difficult to drive at high speed more
than 120 Hz using the dot reverse driving way since gate line
turn-on time or activation time is reduced by half compared to
driving at 60 Hz.

[0009] If column reverse driving way is applied when driv-
ing at 120 Hz or more, changes in the electrical capacitance
between the data line and the pixel electrode caused by varia-
tion in the overlap between the data line and the pixel elec-
trode become very sensitive compared to dot reverse driving.
This may cause cross-talk in the image displayed.

SUMMARY OF INVENTION

[0010] Accordingly, it is an aspect of the present invention
to solve the mentioned problems and to provide a display
device of an enhanced aperture ratio and image characteristic,
wherein a column reverse driving way is used.

[0011] The foregoing and/or other aspects of the present
invention can be achieved by providing a display device com-
prising: a first display substrate which comprises a plurality
ofpixel electrodes, a plurality of data lines which are disposed
parallel with each other and cross a center portion of the pixel
electrodes, a plurality of gate lines which cross the data lines,
and a plurality of driving thin film transistors which are
respectively connected with the data lines, the gate lines and
the pixel electrodes; a second display substrate which is dis-
posed opposite to the first display substrate and comprises a
common electrode, and; a liquid crystal layer which is dis-
posed between the first display substrate and the second dis-
play substrate; wherein one of the data lines supplies a data
voltage to the pixel electrodes crossed by the one of the data
lines and to the pixel electrodes crossed by the adjacent one of
the data lines alternately along a longitudinal direction of the
data lines.
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[0012] The pixel electrodes may connect to the one of the
data lines supplied with the same polarity of the data voltage
and supplied with a different polarity of the data voltage from
the adjacent data line.

[0013] Each driving thin film transistor may be connected
with only one data line among the plurality of data lines and
is disposed at a position corresponding to an edge portion of
the each pixel electrode, each of the data lines may be con-
nected alternately with the driving thin film transistors dis-
posed at its opposite sides along the longitudinal direction of
the data lines. The plurality of driving thin film transistors
may be connected at one side of the pixel electrodes.

[0014] Each driving thin film transistor may be connected
with only one data line among the plurality of data lines and
is disposed at a position corresponding to an edge portion of
the each pixel electrode. The one of the data lines may be
connected with the adjacent driving thin film transistors dis-
posed at the same side direction with respect to the one of the
datalines. The plurality of driving thin film transistors may be
connected alternately with the pixel electrodes disposed at
opposite sides of the data lines along the longitudinal direc-
tion of the data lines.

[0015] The pixel electrodes may comprise first pixel elec-
trodes and second pixel electrodes adjacent to the first pixel
electrodes in the longitudinal direction of the data lines and
supplied with the data voltage from the adjacent dataline. The
first pixel electrodes may comprise first major pixel elec-
trodes and first minor pixel electrodes and, the second pixel
electrodes may comprise second major pixel electrode and
the second minor pixel electrode.

[0016] The plurality of gate lines may comprise first gate
lines and second gate lines, the first gate lines may comprise
first major gate line supplying a gate signal to the driving thin
film transistors connected with the first major pixel elec-
trodes, and first minor gate lines supplying a gate signal to the
driving thin film transistors connected with the first minor
pixel electrodes. The second gate lines may comprise second
major gate line supplying a gate signal to the driving thin film
transistors connected with the second major pixel electrodes,
and second minor gate lines supplying a gate signal to the
driving thin film transistors connected with the second minor
pixel electrodes.

[0017] The first major gate lines and the first minor gate
lines may supply the same gate signal, and the second major
gate lines and the second minor gate lines may supply the
same gate signal.

[0018] The first display substrate may further comprise: a
storage electrode line formed parallel with the gate lines; a
storage electrode pad and a charging thin film transistor con-
nected with one of the second major gate lines, one of the first
minor pixel electrodes and the storage electrode pad.

[0019] The first major gate lines and the first minor gate
lines may supply different gate signals and the second major
gate lines and the second minor gate lines may supply differ-
ent gate signals.

[0020] The first major pixel electrodes and the second
major pixel electrodes may be directly connected with the
driving thin film transistors and the first minor pixel elec-
trodes and the second minor pixel electrodes may be indi-
rectly connected with the driving thin film transistors through
coupling capacitances.

[0021] The first display substrate may further comprise a
color filter disposed between the pixel electrodes and the data
lines.
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[0022] At least one of the pixel electrodes and the common
electrode may comprise a micro-slit pattern dividing a pixel
region disposed with the pixel electrodes into a plurality of
domains.

[0023] The micro-slit pattern may comprise: at least one
vertical part overlapped with the data lines; at least one trans-
verse part crossing the vertical part; and a plurality of slant
parts may extend from at least one of the vertical part and the
transverse part.

[0024] The liquid crystal layer may comprise vertically
oriented liquid crystal molecules and an ultra violet ray cured
type monomer, and the micro-slit pattern and the ultra violet
ray cured type monomer pre-tilt the liquid crystal molecules
in a direction different from each other in each domain.
[0025] At least one of the pixel electrodes and the common
electrode may comprise a cut pattern wherein the cut pattern
divides a pixel region of the pixel electrodes into a plurality of
domains.

[0026] The cut pattern may comprise a first cut pattern
overlapped parallel with the data lines and a second cut pat-
tern crossing the data lines in a slant direction.

[0027] The display device may further comprise: a first
orientation film disposed on the pixel electrodes of the first
display substrate; and a second orientation film may dispose
on the common electrode of the second display substrate, and
at least one of the first orientation film and the second orien-
tation film may divide each pixel electrode into a plurality of
domains.

[0028] Some of boundaries of the plural domains may be
overlapped parallel with the data lines.

BRIEF DESCRIPTION OF DRAWINGS

[0029] The above and/or other aspects and advantages of
the present invention will become apparent and more readily
appreciated from the following description of the embodi-
ments, taken in conjunction with the accompanying drawings
of which:

[0030] FIG.1is alayout of a display device according to a
first exemplary embodiment of the present invention;

[0031] FIG. 2 is a cross sectional view cut along II-II of
FIG. 1;
[0032] FIG. 3 is a cross sectional view illustrating a manu-

facturing process of the display device in FIG. 1;
[0033] FIG. 4 is a layout of a display device according to a
second exemplary embodiment of the present invention;

[0034] FIG. 5 is a cross sectional view cut along V-V of
FIG. 4;
[0035] FIG. 6 is a cross sectional view of a display device

according to a third exemplary embodiment of the present
invention;

[0036] FIG. 7 is alayout of a display device according to a
fourth exemplary embodiment of the present invention; and
[0037] FIG. 8 is a layout of a display device according to a
fifth exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0038] A display panel using amorphous silicon (a-Si) for
thin film transistor (TFT) formed through 5-mask process as
exemplary embodiment is briefly illustrated in the appended
figures. However, the present invention is not restricted to the
exemplary embodiment but may be embodied in various dif-
ferent forms.
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[0039] Further, a liquid crystal display panel of vertically
aligned (VA) mode dividing one pixel in a plurality of
domains is illustrated. The pixel refers to a minimum unit that
displays an image.

First Exemplary Embodiment

[0040] A first exemplary embodiment is described with
referring to FIG. 1 and FIG. 2. FIG. 1 is a layout of a display
device 901 according to the first exemplary embodiment of
the present invention. FIG. 2 is a cross sectional view cut
along II-1I of FIG. 1.

[0041] As shown in FIG. 1 and FIG. 2, the display device
901 includes a first display substrate 100, a second display
substrate 200, and a liquid crystal layer 300. Further, a first
orientation film 310 disposed between the first display sub-
strate 100 and the liquid crystal layer 300, and a second
orientation film 320 disposed between the second display
panel 200 and the liquid crystal layer 300 are included. Here,
the liquid crystal layer 300 includes vertically aligned (VA)
type liquid crystal molecules 301.

[0042] The first display substrate 100 includes a first sub-
strate member 110, a plurality of pixel electrodes 180 formed
on the first substrate member 110, a plurality of data lines 161,
aplurality of gate lines 120 and a plurality of driving thin film
transistors (TFT) 101. Also, the first display substrate 100
farther includes a color filter 175.

[0043] The second display substrate 200 includes a second
substrate member 210, and a common electrode 280 formed
on the second substrate member 210. Here, the common
electrode 280 is formed on a surface of the second substrate
member 210 facing opposite to the pixel electrode 180.
[0044] The pixel electrode 180 includes a micro-slit pattern
P180. The micro-slit pattern P180 divides a pixel region dis-
posed of the pixel electrode 180 into a plurality of domains.
[0045] The micro-slit pattern P180 includes at least one
vertical part P181, at least one transverse part P182 crossing
the vertical part P181 and a plurality of slant parts P183
extended from the vertical part P181 and the transverse part
P182. Though one vertical part P181 and one transverse part
P182 are represented in FIG. 1, the present invention is not
limited to this. Accordingly, the micro-slit pattern P180 may
include a plurality of vertical parts P181 and the transverse
parts P182.

[0046] Each slant part P183 has width equal to or less than
6 um. The slant part P183 is disposed to be separated from its
adjacent slant part P183 with an interval equal to or less than
6 um. The lesser the width of the slant part P183 and the
interval between the slant parts P183, the better it is, and most
preferably, if less than 3 pm respectively. The width of the
vertical part P181, the transverse part P182 and the slant part
P183, and the interval between the slant parts P183 are prop-
erly formed with the consideration of light transmittance and
a response characteristic of the liquid crystal molecules 301.
[0047] Also, in FIG. 1, the plural slant parts P183 are
formed with the constant width identical with each other.
However, the present invention is not limited to this. Accord-
ingly, the plural slant parts P183 may have the width variously
different from each other. Also, the one slant part P183 may
gradually vary its width. That is, the slant part P183 may have
its width larger or smaller as the slant part P183 moves farther
from the transverse part P182 or the vertical part P181.
[0048] The pixel electrode 180 formed by the micro-slit
pattern P180 can effectively pre-tilt the liquid crystal mol-
ecules 301 in the liquid crystal layer 300 through using fringe
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field produced in the slant part P183. Accordingly, the pixel
electrode 180 having the micro-slit pattern P180 divides the
pixel region into plural domains and as well as pre-tilts the
liquid crystal molecules 301 of the liquid crystal layer 300 in
the domain with directions different from other domains. A
pre-tilt refers to an inclination of the liquid crystal molecules
301 in the liquid crystal layer 300 by a predetermined angle
from a vertically oriented state direction. A pre-tilt direction
refers to a pre-tilting direction or inclining direction along
which the liquid crystal molecules 301 is pre-tilted from the
surface of the orientation films 310 and 320. A head part of the
liquid crystal molecules 301 represented in black in FIG. 1
indicates the pre-tilt direction of the liquid crystal molecules
301. Accordingly, the display device 901 can have an
enhanced view angle.

[0049] The plural data lines 161 cross center portion of the
plural pixel electrodes 180 and arrange parallel with each
other. The plural gate lines 120 cross the data lines 161. Each
of the plural driving thin film transistors 101 is connected
with one data line 161, one gate line 120, and one pixel
electrode 180.

[0050] The dataline 1614 alternately supply data voltage to
the pixel electrodes 180 under which the data line 161a
crosses and the pixel electrodes 180 under which the adjacent
data line 1615 crosses. That is, (referring to FIG. 1), the data
line 1614 supplies the data voltage to the pixel electrode 180
formed thereon in the first row, supplies the data voltage to the
pixel electrode 180 formed on the adjacent data line 1615 in
the second row and supplies the data voltage to the pixel
electrode 180 formed thereon in the third row.

[0051] Specifically, the driving thin film transistor 101 is
disposed between the data lines 161 at an edge portion of the
pixel electrode 180 and one data line 161a is alternately
connected with the driving thin film transistors 101 posi-
tioned along the longitudinal direction of the data line 161 at
the two opposite sides from the data line 161. Each of the
driving thin film transistors 101 is positioned at the same
relative position with respect to the corresponding pixel elec-
trode 180. Specifically, the driving thin film transistor 101 is
positioned at the top right corner of its corresponding pixel
electrode 180. However, the present invention is not limited to
this. Accordingly, one data line 161a may be connected with
the driving thin film transistors 101 positioned at one adjacent
side of the data line 1614, and the driving thin film transistors
101 may be alternately connected with the pixel electrodes
positioned at the both opposite sides of the data line 161 along
the data line 161 longitudinal direction. In this case, one data
line 161a may also supply the data voltage to the pixel elec-
trode 180 crossed by the data line 161a and the pixel electrode
crossed by the adjacent data line 1615 alternately along the
longitudinal direction of the data line 161.

[0052] The pixel electrode 180 includes a first pixel elec-
trode 181 supplied with the data voltage from the data line
161 disposed thereunder and a second pixel electrode 182 not
supplied with the data voltage from the data line 161 disposed
thereunder. The second pixel electrode 182 is adjacent to the
first pixel electrode 181 in the data line 161 longitudinal
direction and is supplied with the data voltage from the data
line 1615 adjacent to the data line 161a.

[0053] According to the above described configuration, the
pixel electrode 180 connected to the data line 1614 is supplied
with the data voltage of identical polarity and the pixel elec-
trode 180 can receive the data voltage of polarity different
from the adjacent pixel electrode 180. Accordingly, the dis-
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play device 901 with a column reverse driving way can have
same effect that can be obtained from the dot reverse driving.
In other words, though the reversed data voltage is per data
line 161, each pixel electrode 180 has the data voltage of
different polarity not only along the data line 161 transverse
direction but also along the data line 161 longitudinal direc-
tion.

[0054] Accordingly, a driving at 120 Hz or over is possible
without difficulty since the display device 901 is driven by the
column reverse driving way. Meanwhile, phenomena of cross
talk that can be produced by adopting the column reverse
driving way can be effectively suppressed.

[0055] Also, an aperture ratio of the display device 901 can
be increased since the data line 161 is disposed at the center
portion of the pixel electrode 180. The data line 161 disposed
to substantially correspond with a boundary between the
domains. Accordingly, the influence of the data line 161 dis-
posed at the center portion of the pixel electrode 180 on the
light transmittance is insignificant because the boundary
between the domains is generally forms a dark part. Mean-
while, for the data line 161 not positioning at the edge part of
the pixel electrode 180, a size of the pixel electrode 180 can be
magnified. Accordingly, the aperture ratio can be effectively
increased.

[0056] Also, the data line 161 is overlapped with the pixel
electrode 180 by a constant area size even if there is an
alignment error since the data line 161 is disposed at the
center portion of the pixel electrode 180. In the contrary, if the
data line 161 positioned at the edge portion of the pixel
electrode 180, the area overlapped by the pixel electrode 180
and the data line 161 varies according to the align error, which
is a cause of inferiority in the product image quality. Accord-
ingly, if the data line 161 is positioned at the center portion of
the pixel electrode 180, the image quality of the display
device 901 can be enhanced.

[0057] The first pixel electrode 181 includes a first major
pixel electrode 1811 and a first minor pixel electrode 1812,
and the second pixel electrode 182 includes a second major
pixel electrode 1821 and a second minor pixel electrode 1822.
[0058] Also, the plural gate lines 120 include a first gate
line 121 and a second gate line 122. The first gate line 121
includes a first major gate line 1211 supplying a gate signal to
the driving thin film transistor 101 connected to the first major
pixel electrode 1811 and, a first minor gate line 1212 supply-
ing a gate signal to the driving thin film transistor 101 con-
nected to the first minor pixel electrode 1812. The second gate
line 122 includes a second major gate line 1221 supplying a
gate signal to the driving thin film transistor 101 connected to
the second major pixel electrode 1821 and, a second minor
gate line 1222 supplying a gate signal to the driving thin film
transistor 101 connected to the second minor pixel electrode
1822.

[0059] The first major gate line 1211 and the first minor
gate line 1212 supply the gate signal identical with each other.
That is, the first major gate line 1211 and the first minor gate
line are substantially the identical gate line. The second major
gate line 1221 and the second minor gate line 1222 supply the
gate line substantially identical to each other. That is, the
second major gate line 1221 and the second minor gate line
1222 are substantially the identical gate line.

[0060] Also, the first display substrate 100 further includes
a storage electrode line 126 formed parallel with the gate line
120, a storage electrode pad 186 formed on the storage elec-
trode line 126, and a charging thin film transistor 105 con-
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nected to the second major gate line 1221, the first minor pixel
electrode 1812 and the storage electrode pad 186. Here, the
storage electrode line 126 and the storage electrode pad 186
forms a capacitor 106.

[0061] According to the configuration described above,
though the first major pixel electrode 1811 and the first minor
pixel electrode 1812 are respectively supplied with the iden-
tical data voltage from the identical data line 161a, the first
major pixel electrode 1811 and the first minor pixel electrode
1812 have the final data voltage different from each other.
That is, the first major pixel 1811 has relatively high data
voltage and the first minor pixel electrode 1812 has relatively
low data voltage. Accordingly, the light transmitting the first
major pixel electrode 1811 and the light transmitting the first
minor pixel electrode 1812 have brightness different from
each other.

[0062] Such operation is also applied to the second pixel
electrode 182. That is, though the second major pixel elec-
trode 1821 and the second minor pixel electrode 1822 are
respectively supplied with the identical data voltage from the
identical data line 1615, the second major pixel electrode
1821 and the second minor pixel electrode 1822 have the final
data voltage different from each other.

[0063] Thus, the pixel region divided into the plural
domains by the micro-slit pattern P180 is further subdivided
by the first major pixel electrode 1811, the first minor pixel
electrode 1812, the second major pixel electrode 1821, and
the second minor electrode 1822 driven in the data voltage
different from each other. Then, the display device 901 has the
view angle enhanced further.

[0064] Hereinafter, a principle that the first major pixel
electrode 1811 and the first minor pixel electrode 1812 have
the final data voltage different from each other though the first
major pixel electrode 1811 and the first minor pixel electrode
1812 are respectively supplied with the identical data voltage
from the identical data line 16la will be specifically
explained. Since the case for the second major pixel electrode
1821 and the second minor pixel electrode 1822 is identical to
the case for the first major pixel electrode 1811 and the first
minor pixel electrode 1812, only the case for the first major
pixel electrode 1811 and the first minor pixel electrode 1812
will be explained.

[0065] If the first gate line 121, more specifically the first
major gate line 1211 and the first minor gate line 1211 are
supplied with the gate signal, the driving thin film transistors
101 respectively connected to these are activated. Accord-
ingly, the identical data voltage supplied by the identical data
line 161a is supplied to the first major pixel electrode 1811
and the first minor pixel electrode 1812 through the respective
driving thin film transistors 101. At this time, the first major
pixel electrode 1811 and the first minor pixel electrode 1812
have the identical data voltage and the identical light trans-
mittance, thus showing substantially the identical brightness.

[0066] Then, if the second gate line 122, more specifically
the second major gate line 1221 and the second minor gate
line 1222 are supplied with the gate signal, the driving thin
film transistors 101 and the charging thin film transistor 105
respectively connected to these are activated. The charging
thin film transistor 105 is connected to the first minor pixel
electrode 1812 and the storage electrode pad 186 of the
capacitor 106. Accordingly, the data voltage of the first minor
pixel electrode 1812 flows to the capacitor 106 through the
charging thin film transistor 105. Accordingly, the first minor

Feb. 5, 2009

pixel electrode 1812 has the final data voltage lower than the
first minor pixel electrode 1812.

[0067] According to this principle, though the first major
pixel electrode 1811 and the first minor pixel electrode 1812
are respectively supplied with the identical data voltage from
the data line 161a, they will have the final voltage minutely
different from each other.

[0068] Referringto FIG. 2, a structure of the display device
901 will be specifically described. FIG. 2 illustrates the driv-
ing thin film transistor 101 and the first major pixel electrode
1811.

[0069] Hereinafter the thin film transistor 101 refers to the
actual driving thin film transistor and the pixel electrode
refers to the first major pixel electrode. Also, a description of
a structure of the thin film transistor 101 can be applied
identically to the charging thin film transistor 106 and a
description about the pixel electrode 180 can be applied to the
first major pixel electrode as well as the rest pixel electrodes.

[0070] First, a structure of the first display substrate 100 is
described.
[0071] The first substrate member 110 is transparently

formed of materials including glass, quartz, ceramics, plastic
and so on.

[0072] The plurality of the gate lines 120, a plurality of gate
electrodes 124 branched from the gate line 120 and the stor-
age electrode line 126 are formed on the first substrate mem-
ber 110.

[0073] A gatewiring 120,124 and 126 is formed with metal
like Al, Ag, Cr, Ti, Ta, Mo, etc. or alloy of these metals.
Though the gate wiring 120, 124 and 126 is shown as mono-
layer in FIG. 2, the gate wiring 120, 124 and 126 may be
formed as multilayer including a metal layer of excellent
physical and chemical property which are Cr, Mo, Ti, Ta, or
alloy of these metals, and a metal layer of small specific
electrical resistance which are Al group and Ag group metals.
Besides, the gate wiring 120, 124 and 126 may be formed
with various metals or conductors and preferred to be pat-
terned with a common etching condition.

[0074] A gate insulating layer 130 made of SiNX or the like
is formed on the gate wiring 121 and 124.

[0075] A data wiring is formed on the gate insulating layer
130 including a plurality of data lines 161 crossing the gate
line 120, a plurality of source electrodes 165 branched from
the data line 161 and a plurality of drain electrodes 166
separately disposed from the source electrodes 165.

[0076] The data wiring 161, 165, and 166, like the gate
wiring 120, 124 and 126, is formed with conducting materials
like Cr, Mo, Al, etc. or alloy of these metals, and may be
formed as monolayer or multi layer.

[0077] A semiconductor layer 140 is formed on a region
between the gate insulating layer 130 above the gate electrode
124, and the source electrode 165 and the drain electrode 166.
Specifically, at least a part of the semiconductor layer 140 is
overlapped with the gate electrode 124, the source electrode
165 and the drain electrode 165. Then, the three electrodes of
the thin film transistor 101 are configured with the gate elec-
trode 124, the source electrode 165 and the drain electrode
166. A channel region of the thin film transistor 101 is formed
at the semiconductor layer 140 between the source electrode
165 and the drain electrode 166.

[0078] Also, ohmic contact members 155 and 156 are
formed between the semiconductor layer 140 and the source
electrode 165, and between the semiconductor layer 140 and
the drain electrode 166 to reduce the contact resistance. The
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ohmic contact members 155 and 156 are made of silicide,
amorphous silicon highly doped with n-type impurities, and
the like.

[0079] A passivation layer 170 of low dielectric insulator
like a-Si:C:0, a-Si:O:F, etc. or inorganic insulator like silicon
nitride, silicon oxide, etc. is formed on the data wiring 161,
165, and 166 by plasma enhanced chemical vapor deposition
(PECVD).

[0080] The color filters 175 having the primary three colors
are respectively disposed on the passivation layer 170 in
sequential order. At this time, the color of the color filters 175
are not limited to the primary three colors but may be config-
ured variously of colors more than one. The color filter 175
assigns a color to the light transmitting the display device 901.
[0081] Further, though the color filter 175 is formed on the
passivation layer 170, the present invention is not limited to
this. Accordingly, the color filter 175 may be formed between
the passivation layer 170 and the data wiring 161, 165 and
166. The color filter 175 also may be formed in the second
display substrate 200 not in the first display substrate 100.
[0082] The plurality of the pixel electrodes 180 is formed
on the color filter 175. The pixel electrode 180 is made of
transparent conductive material like indium tin oxide (ITO),
indium zinc oxide (IZO), etc.

[0083] Also, a plurality of contact holes 171 exposing a
portion of the drain electrode 166 is formed in the passivation
layer 170 and the color filter 175. The pixel electrode 180 and
the drain electrode 166 are electrically connected through the
contact holes 171. Also, as shown in FIG. 1 and FIG. 2, the
passivation layer 170 and/or the color filter 175 are further
formed with contact holes 172 to respectively connect a
source electrode of the charging thin film transistor 105 with
the first minor pixel electrode 1812 and with the second minor
pixel electrode 1822, and a contact hole 173 to connect a drain
electrode of the charging thin film transistor 105 with the
storage electrode pad 186 of the capacitor 106.

[0084] The pixel electrode 180 includes the micro-slit pat-
tern P180. Though the micro-slit pattern P180 is formed in the
pixel electrode 180, the present invention is not limited to this.
Accordingly, the micro-slit pattern P180 may be formed on
the common electrode 280 in the second display substrate
200. However, forming the micro-slit pattern P180 in the
pixel electrode 180 is advantageous for a simplification of the
manufacturing process.

[0085] Also,aninsulator having low dielectric constant and
more than 1 pm thickness is disposed between the pixel
electrode 180 and the data wiring 161, 165 and 166. The
insulator may include the color filter 175, the passivation
layer 170 and so on.

[0086] Next, a structure of the second display substrate 200
will be described.

[0087] The second substrate member 210 like the first sub-
strate member 110 is transparently formed of materials
including glass, quartz, ceramics, plastic materials and so on.
[0088] The common electrode 280 that form an electric
field with the pixel electrode 180 is formed on the second
substrate member 210. The common electrode 280 is also
formed of the transparent materials like ITO or 1ZO. The
common electrode 280 may be formed without undergoing a
process of forming any pattern. Accordingly, the whole
manufacturing process for the display device 901 may be
simplified.

[0089] Also, though not illustrated, the second display sub-
strate 200 may further include a light blocking member.
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[0090] Also, the first display substrate 100 and the second
display substrate 200 are not limited to the structures
described above. Accordingly, the first display substrate 100
and the second display substrate 200 may have known various
structures besides the structure illustrated in FIG. 1 and FIG.
2.

[0091] Thefirstorientation film 310 is disposed on the pixel
electrode 180 and the second orientation film 230 is disposed
on the common electrode 280. Specifically, the liquid crystal
layer 300 is disposed between the first orientation film 310
and the second orientation film 320. The liquid crystal mol-
ecules 301 in the liquid crystal layer 300 are vertically ori-
ented by the first orientation film 310 and the second orien-
tation film 320.

[0092] Theliquid crystal layer 300 includes the plurality of
vertical orientation type liquid crystal molecules 301 and
ultra violet ray (UV) cured type monomers 305. The pixel
electrode 180 in the form of the micro-slit pattern P180 and
the UV cured type monomers 305 pre-tilts the vertically
oriented liquid crystal molecules 301 in a direction different
from each other for each domain. At this time, the vertically
oriented liquid crystal molecules are pre-tilted by an angle
within a range between 0.1 degree and 3 degree.

[0093] All or any one of the micro-slit pattern P180 and the
UV cured type monomers 305 may be used as a method for
pre-tilting the liquid crystal molecules 301 in the liquid crys-
tal layer 300.

[0094] A method to pre-tilt the vertically oriented liquid
crystal molecules 301 using the UV cured type monomers
305 (shown in FIG. 2) will be specifically explained referring
to FIG. 3. The liquid crystal layer 300 including intermediate
UV cured type monomers 304 before cured and the vertically
oriented liquid crystal molecules 301 disposed between the
first display substrate 100 and the second display substrate
200. Then, after lying down the liquid crystal molecules 301
by building the electric field between the first display sub-
strate 100 and the second display substrate 200, irradiate UV
to the liquid crystal layer 300. The irradiated intermediate UV
cured type monomers 304 are cured and the UV cured type
monomers 305 pre-tilt the liquid crystal molecules 301 as
shown in FIG. 2.

[0095] According to this configuration, the image quality
of the display device 901 according to the first exemplary
embodiment can be enhanced.

Second Exemplary Embodiment

[0096] A second exemplary embodiment of the present
invention will be described with referring to FIG. 4 and FIG.
5.

[0097] FIG. 4is alayout of a display device 902 according
to the second exemplary embodiment of the present inven-
tion. FIG. 5 is a cross sectional view cut along V-V of FIG. 4
[0098] As shown in FIG. 4 and FIG. 5, the display device
902 includes a first display substrate 100, a second display
substrate 200 and a liquid crystal layer 300. Further, a first
orientation film 310 disposed between the first display sub-
strate 100 and the liquid crystal layer 300, and a second
orientation film 320 disposed between the second display
panel 200 and the liquid crystal layer 300 are included.
[0099] The first display substrate 100 includes a first sub-
strate member 110, a plurality of pixel electrodes 190 formed
on the first substrate member 110, a plurality of data lines 161,
aplurality of gate lines 120 and a plurality of driving thin film
transistors (TFT) 101.
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[0100] The second display substrate 200 includes a second
substrate member 210, a light blocking member 220 formed
on the second substrate member 210, a color filter 230, an
overcoat layer 240 and a common electrode 290 formed on
the second substrate member 210. Here, the light blocking
member 220, the color filter 230 and the common electrode
290 are formed on a surface of the second substrate member
210 facing opposite to a pixel electrode 190.

[0101] The pixel electrode 190 and the common electrode
290 include cut patterns P190 and P290. The cut patterns
P190 and P290 divides a pixel region disposed by the pixel
electrode 190 into plural domains and pre-tilt the liquid crys-
tal molecules 301 in a direction predetermined for each
domain. Generally, a pre-tilt direction of the liquid crystal
molecules 301 is a direction crossing a longitudinal direction
of the cut pattern P190 and P290.

[0102] Also, though all of the pixel electrode 190 and the
common electrode 290 are formed with the cut patterns P190
and P290 in FIG. 4, the present invention is not limited to this.
Accordingly, any one of the pixel electrode 190 or the com-
mon electrode 290 may be formed with the cut pattern P190
or P290. Also, the pixel electrode 190 and the common elec-
trode 290 may include a protrusion (not shown) instead of the
cut patterns P190 and P290. The protrusion performs a same
role that the cut patterns P190 and P290 perform. Also, the
display device 902 may include all of the cut patterns P190,
P290 and the protrusion.

[0103] The cut pattern P190 and P290 include first cut
patterns P191 and P291, and second cut patterns P192 and
P292 extended from the first cut patterns P191 and P291 in a
slant direction of them. Also, the common electrode 290 may
further include a third cut pattern P293 corresponding to an
edge portion of the pixel electrode 190. The third cut pattern
P293 may be omitted.

[0104] Thedisplay device 902 may have the enhanced view
angle according to the configuration described above.
[0105] The plural data lines 161 cross center portion of the
plural pixel electrodes 190 and are arranged parallel with each
other. The plural gate lines 120 cross the data lines 161. Each
of the plural driving thin film transistors 101 is connected
with one data line 161, one gate line 120 and one pixel
electrode 190.

[0106] The dataline 161a alternately supply data voltage to
the pixel electrodes 190 under which the data line 161a
crosses and the pixel electrodes 190 under which the adjacent
data line 1615 crosses. That is, (referring to FIG. 4), the data
line 1614 supplies the data voltage to the pixel electrode 190
formed thereon in the first row, supplies the data voltage to the
pixel electrode 190 formed on the adjacent data line 1615 in
the second row and supplies the data voltage to the pixel
electrode 190 formed thereon in the third row.

[0107] The pixel electrode 190 includes a first pixel elec-
trode 191 supplied with the data voltage from the data line
161 disposed thereunder and a second pixel electrode 192 not
supplied with the data voltage from the data line 161 disposed
thereunder. The second pixel electrode 192 is adjacent to the
first pixel electrode 181 in the data line 161 longitudinal
direction and is supplied with the data voltage from the data
line 1615 adjacent to the data line 161a.

[0108] According to the above described configuration, the
pixel electrode 190 connected to the data line 1614 is supplied
with the data voltage of identical polarity and the pixel elec-
trode 190 can receive the data voltage of polarity different
from the adjacent pixel electrode 190. Accordingly, the dis-
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play device 902 with a column reverse driving way can have
same effect that can be obtained from the dot reverse driving.
In other words, though the reversed data voltage is per data
line 161, each pixel electrode 190 has the data voltage of
different polarity not only along the data line 161 transverse
direction but also along the data line 161 longitudinal direc-
tion.

[0109] Accordingly, a driving at 120 Hz or over is possible
without difficulty since the display device 902 is driven by the
column reverse driving way. Meanwhile, phenomena of cross
talk that can be produced by adopting the column reverse
driving way can be effectively suppressed.

[0110] Also, an aperture ratio of the display device 902 can
be increased since the data line 161 is disposed at the center
portion of the pixel electrode 190. The data line 161 disposed
to substantially correspond with a boundary between the
domains. Accordingly, the influence of the data line 161 dis-
posed at the center portion of the pixel electrode 190 on the
light transmittance is insignificant because the boundary
between the domains is generally forms a dark part. Mean-
while, for the data line 161 not positioning at the edge part of
the pixel electrode 190, a size of the pixel electrode 190 can be
magnified. Accordingly, the aperture ratio can be effectively
increased.

[0111] The first pixel electrode 191 includes a first major
pixel electrode 1911 and a first minor pixel electrode 1912,
and the second pixel electrode 192 includes a second major
pixel electrode 1921 and a second minor pixel electrode 1922.
[0112] Also, the plural gate lines 120 include a first gate
line 121 and a second gate line 122. The first gate line 121
includes a first major gate line 1211 supplying a gate signal to
the driving thin film transistor 101 connected to the first major
pixel electrode 1911 and, a first minor gate line 1212 supply-
ing a gate signal to the driving thin film transistor 101 con-
nected to the first minor pixel electrode 1912. The second gate
line 122 includes a second major gate line 1221 supplying a
gate signal to the driving thin film transistor 101 connected to
the second major pixel electrode 1921 and, a second minor
gate line 1222 supplying a gate signal to the driving thin film
transistor 101 connected to the second minor pixel electrode
1922.

[0113] The first major gate line 1211 and the first minor
gate line 1212 supply the gate signal identical with each other.
That is, the first major gate line 1211 and the first minor gate
line are substantially the identical gate line. The second major
gate line 1221 and the second minor gate line 1222 supply the
gate line substantially identical to each other. That is, the
second major gate line 1221 and the second minor gate line
1222 are substantially the identical gate line.

[0114] Also, the first display substrate 100 further includes
a storage electrode line 126 formed parallel with the gate line
120, a storage electrode pad 186 formed on the storage elec-
trode line 126, and a charging thin film transistor 105 con-
nected to the second major gate line 1221, the first minor pixel
electrode 1812 and the storage electrode pad 186. Here, the
storage electrode line 126 and the storage electrode pad 186
forms a capacitor 106.

[0115] According to the configuration described above,
though the first major pixel electrode 1911 and the first minor
pixel electrode 1912 are respectively supplied with the iden-
tical data voltage from the identical data line 161a, the first
major pixel electrode 1911 and the first minor pixel electrode
1912 have the final data voltage different from each other.
That is, the first major pixel 1911 has relatively high data
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voltage and the first minor pixel electrode 1912 has relatively
low data voltage. Accordingly, the light transmitting the first
major pixel electrode 1911 and the light transmitting the first
minor pixel electrode 1912 have brightness different from
each other.

[0116] Such operation is also applied to the second pixel
electrode 192. That is, though the second major pixel elec-
trode 1921 and the second minor pixel electrode 1922 are
respectively supplied with the identical data voltage from the
identical data line 1615, the second major pixel electrode
1921 and the second minor pixel electrode 1922 have the final
data voltage different from each other.

[0117] Further, the pixel region divided into the plural
domains by the cut patterns P190 and P290 is further subdi-
vided by the first major pixel electrode 1911, the first minor
pixel electrode 1912, the second major pixel electrode 1921
and the second minor electrode 1922 driven in the data volt-
age different from each other. Then, the display device 902
has the view angle enhanced further.

[0118] According to this configuration, the image quality
of the display device 902 according to the second exemplary
embodiment can be enhanced.

Third Exemplary Embodiment

[0119] A third exemplary embodiment of the present inven-
tion will be described with referring to FIG. 6. FIG. 6 is a
cross sectional view of a display device 903 according to the
third exemplary embodiment of the present invention.
[0120] As shown in FIG. 6, the display device 903 includes
a first display substrate 100, a second display substrate 200
and a liquid crystal layer 300. Further, a first orientation film
310 disposed between the first display substrate 100 and the
liquid crystal layer 300, and a second orientation film 320
disposed between the second display panel 200 and the liquid
crystal layer 300 are included. Here, liquid crystal molecules
301 in the liquid crystal layer 300 are vertically aligned by the
firstand the second orientation films 310 and 320 under a state
of not applying voltage between a pixel electrode 180 and a
common electrode 280.

[0121] At least one of the first orientation film 310 and the
second orientation film 320 pre-tilts the liquid crystal mol-
ecules 301 oriented vertical at the orientation film surface
using an inclined exposing slant light method and the like.
That is, at least one of the first orientation film 310 and the
second orientation film 320 have a pre-tilt 311 or a pre-tilt 321
and the vertically oriented liquid crystal molecules 301 are
inclined to be pre-tilted in a pre-tilt direction. Accordingly,
the liquid crystal molecules 301 are inclined at the orientation
films 310 and 320 in the pre-tilt direction close to the vertical
direction. FIG. 6 illustrates that all of the first orientation film
310 and the second orientation film 320 have the pre-tilts 311
and 321.

[0122] At least one of the first orientation film 310 and the
second orientation film 320 divides a pixel region disposed
with the pixel electrode 180 into plural domains. At least one
of the first orientation films 310 and the second orientation
film 320 pre-tilts the liquid crystal molecules 301 in a direc-
tion variously different from each other for each domain.
[0123] Also, although not illustrated in FIG. 6 at least one
of'the pixel electrode 180 and the common electrode 280 may
include a micro-slit pattern or a cut pattern. In this case, the
micro pattern or the cut pattern may pre-tilt the liquid crystal
molecules 301 more effectively together with the first orien-
tation film 310 and the second orientation film 320. Accord-
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ingly, the display device 903 can pre-tilt the liquid crystal
molecules 301 more effectively.

[0124] The rest configuration except the first orientation
film 310 and the second orientation film 320 is same as
illustrated in FIG. 1 or FIG. 4.

[0125] According to this configuration, the image quality
of the display device 903 according to the third exemplary
embodiment can be enhanced.

Fourth Exemplary Embodiment

[0126] A fourth exemplary embodiment of the present
invention will be described with referring to FIG. 7. FIG. 7 is
a layout of a display device 904 according to the fourth
exemplary embodiment of the present invention.

[0127] As illustrated in FIG. 4, the pixel electrode 190 and
the common electrode 290 include cut patterns P190 and
P290. The cut patterns P190 and P290 divides a pixel region
disposed by the pixel electrode 190 into plural domains and
pre-tilt the liquid crystal molecules 301 in a direction prede-
termined for each domain. Generally, a pre-tilt direction of
the liquid crystal molecules 301 is a direction crossing a
longitudinal direction of the cut pattern P190 and P290. How-
ever, the present invention is not limited to this and only one
of'the pixel electrodes 190 or the common electrode 290 may
be formed with the cut pattern P190 or P290. Also, the pixel
electrode 190 and the common electrode 290 may include a
protrusion (not shown) instead of the cut patterns P190 and
P290. The protrusion performs a same role that the cut pat-
terns P190 and P290 perform. Also, the display device 904
may include all of the cut patterns P190, P290 and the pro-
trusion.

[0128] The cut pattern P190 and P290 include first cut
patterns P191 and P291, and second cut patterns P192 and
P292 extended from the first cut patterns P191 and P291 in a
slant direction of them. Also, the common electrode 290 may
further include a third cut pattern P293 corresponding to an
edge portion of the pixel electrode 190. The third cut pattern
P193 may be omitted.

[0129] Thedisplay device 904 may have the enhanced view
angle according to the configuration described above.
[0130] The dataline 1614 alternately supply data voltage to
the pixel electrodes 190 under which the data line 161a
crosses and the pixel electrodes 190 under which the adjacent
dataline 1615 crosses. That is, the data line 161a supplies the
data voltage to the pixel electrode 190 formed thereon in the
first row, supplies the data voltage to the pixel electrode 190
formed on the adjacent data line 1615 in the second row and
supplies the data voltage to the pixel electrode 190 formed
thereon in the third row.

[0131] The pixel electrode 190 includes a first pixel elec-
trode 191 supplied with the data voltage from the data line
161 disposed thereunder and a second pixel electrode 192 not
supplied with the data voltage from the data line 161 disposed
thereunder. The second pixel electrode 192 is adjacent to the
first pixel electrode 181 in the data line 161 longitudinal
direction and is supplied with the data voltage from the data
line 1614 adjacent to the data line 161a.

[0132] According to the above described configuration, the
pixel electrode 190 connected to the data line 1614 is supplied
with the data voltage of identical polarity and the pixel elec-
trode 190 can receive the data voltage of polarity different
from the adjacent pixel electrode 190. Accordingly, the dis-
play device 902 with a column reverse driving way can have
same effect that can be obtained from the dot reverse driving.
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In other words, though the reversed data voltage is per data
line 161, each pixel electrode 190 has the data voltage of
different polarity not only along the data line 161 transverse
direction but also along the data line 161 longitudinal direc-
tion.

[0133] Also, an aperture ratio of the display device 902 can
be increased since the data line 161 is disposed at the center
portion of the pixel electrode 190. The data line 161 disposed
to substantially correspond with a boundary between the
domains. Accordingly, the influence of the data line 161 dis-
posed at the center portion of the pixel electrode 190 on the
light transmittance is insignificant because the boundary
between the domains is generally forms a dark part. Mean-
while, for the data line 161 not positioning at the edge part of
the pixel electrode 190, a size of the pixel electrode 190 can be
magnified. Accordingly, the aperture ratio can be effectively
increased.

[0134] The first pixel electrode 191 includes a first major
pixel electrode 1911 and a first minor pixel electrode 1912,
and the second pixel electrode 192 includes a second major
pixel electrode 1921 and a second minor pixel electrode 1922.
[0135] Also, the plural gate lines 120 include a first gate
line 121 and a second gate line 122. The first gate line 121
includes a first major gate line 1211 supplying a gate signal to
the driving thin film transistor 101 connected to the first major
pixel electrode 1911 and, a first minor gate line 1212 supply-
ing a gate signal to the driving thin film transistor 101 con-
nected to the first minor pixel electrode 1912. The second gate
line 122 includes a second major gate line 1221 supplying a
gate signal to the driving thin film transistor 101 connected to
the second major pixel electrode 1921 and, a second minor
gate line 1222 supplying a gate signal to the driving thin film
transistor 101 connected to the second minor pixel electrode
1922.

[0136] The first major gate line 1211 and the first minor
gate line 1212 supply the gate signal different from each
other. Also, the second major gate line 1221 and the first
minor gate line 1222 supply the gate signal different from
each other. Accordingly, the first major pixel electrode 1911
and the first minor pixel electrode 1912 have data voltage
different from each other, and the second major pixel elec-
trode 1921 and the second minor pixel electrode 1922 also
have data voltage different from each other.

[0137] According to the configuration described above, the
light transmitting the first major pixel electrode 1911 has
brightness different from the light transmitting the first minor
pixel electrode 1912. Also, the light transmitting the second
major pixel electrode 1921 has brightness different from the
light transmitting the second minor pixel electrode 1922.
[0138] Further, the pixel region divided into the plural
domains by the cut patterns P190 and P290 is further subdi-
vided by the first major pixel electrode 1911, the first minor
pixel electrode 1912, the second major pixel electrode 1921
and the second minor electrode 1922 driven in the data volt-
age different from each other. Then, the display device 904
has the view angle enhanced further.

[0139] According to this configuration, the image quality
of the display device 904 according to the fourth exemplary
embodiment can be enhanced.

Fifth Exemplary Embodiment

[0140] A fifth exemplary embodiment of the present inven-
tion will be described with referring to FIG. 8. FIG. 8 is a
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layout of a display device 905 according to the fifth exem-
plary embodiment of the present invention.

[0141] AsshowninFIG. 8, the pixel electrode 180 includes
amicro-slit pattern P180. The micro-slit pattern P180 divides
a pixel region disposed of the pixel electrode 180 into a
plurality of domains.

[0142] The micro-slit pattern P180 includes at least one
vertical part P181, at least one transverse part P182 crossing
the vertical part P181 and a plurality of slant parts P183
extended from the vertical part P181 and the transverse part
P182. Though one vertical part P181 and one transverse part
P182 are represented in FIG. 8, the present invention is not
limited to this. Accordingly, the micro-slit pattern P180 may
include a plurality of vertical parts P181 and the transverse
parts P182.

[0143] As described above, the pixel electrode 180 formed
by the micro-slit pattern P180 can effectively pre-tilt the
liquid crystal molecules 301 in the liquid crystal layer 300
through using fringe field produced in the slant part P183.
Accordingly, the pixel electrode 180 having the micro-slit
pattern P180 divides the pixel region into plural domains and
as well as pre-tilts the liquid crystal molecules 301 of the
liquid crystal layer 300 in the domain with directions different
from other domains.

[0144] Accordingly, the display device 905 can have an
enhanced view angle.

[0145] The plural data lines 161 cross center portion of the
plural pixel electrodes 180 and arrange parallel with each
other. The plural gate lines 120 cross the data lines 161. Each
of the plural driving thin film transistors 101 is connected
with one data line 161, one gate line 120 and one pixel
electrode 180.

[0146] The dataline 161a alternately supply data voltage to
the pixel electrodes 180 under which the data line 161a
crosses and the pixel electrodes 180 under which the adjacent
data line 16154 crosses. That is, the data line 161a supplies the
data voltage to the pixel electrode 180 formed thereon in the
first row, supplies the data voltage to the pixel electrode 180
formed on the adjacent data line 1615 in the second row and
supplies the data voltage to the pixel electrode 180 formed
thereon in the third row.

[0147] The pixel electrode 180 includes a first pixel elec-
trode 181 supplied with the data voltage from the data line
161 disposed thereunder and a second pixel electrode 182 not
supplied with the data voltage from the data line 161 disposed
thereunder. The second pixel electrode 182 is adjacent to the
first pixel electrode 181 in the data line 161 longitudinal
direction and is supplied with the data voltage from the data
line 1614 adjacent to the data line 161a.

[0148] According to the above described configuration, the
pixel electrode 180 connected to the data line 1614 is supplied
with the data voltage of identical polarity and the pixel elec-
trode 180 can receive the data voltage of polarity different
from the adjacent pixel electrode 180. Accordingly, the dis-
play device 905 with a column reverse driving way can have
same effect that can be obtained from the dot reverse driving.
In other words, though the reversed data voltage is per data
line 161, each pixel electrode 180 has the data voltage of
different polarity not only along the data line 161 transverse
direction but also along the data line 161 longitudinal direc-
tion.

[0149] Also, an aperture ratio of the display device 905 can
be increased since the data line 161 is disposed at the center
portion of the pixel electrode 180. The data line 161 disposed
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to substantially correspond with a boundary between the
domains. Accordingly, the influence of the data line 161 dis-
posed at the center portion of the pixel electrode 180 on the
light transmittance is insignificant because the boundary
between the domains is generally forms a dark part. Mean-
while, for the data line 161 not positioning at the edge part of
the pixel electrode 180, a size of the pixel electrode 180 can be
magnified. Accordingly, the aperture ratio can be effectively
increased.

[0150] The first pixel electrode 181 includes a first major
pixel electrode 1811 and a first minor pixel electrode 1812,
and the second pixel electrode 182 includes a second major
pixel electrode 1821 and a second minor pixel electrode 1822.
[0151] Also, the plural gate lines 120 include a first gate
line 121 and a second gate line 122. The driving thin film
transistor 101 connected with the first gate line 121 is directly
connected to the first major pixel electrode 1811 through a
contact hole 171, and indirectly connected to the first minor
pixel electrode 1812 through a coupling capacitance Ccp.
Accordingly, the first major pixel electrode 1811 and the first
minor pixel electrode 1812 are supplied with the different
data voltage from each other. That is, the first major pixel
electrode 1811 is supplied with the data voltage directly
through the drain electrode 166 of the driving thin film tran-
sistor 101 while the first minor pixel electrode 1812 is not
supplied with the data voltage directly from the drain elec-
trode 166 of the driving thin film transistor 101 but by the
coupling capacitance Ccp formed on the insulator between
the first minor pixel electrode 1812 and an extension part 169
of the drain electrode 166. Accordingly, since the first minor
pixel electrode 1812 is supplied with the data voltage smaller
than the first major pixel electrode 1811, the light transmitting
the first major pixel electrode 1811 has brightness different
from the light transmitting the first minor pixel electrode
1812. At this time, the data voltage supplied to the first minor
pixel electrode 1812 is 50% to 90% ofthe data voltage applied
on the first major pixel electrode 1811.

[0152] The driving thin film transistor 101 connected with
the second gate line 122 is directly connected to the second
major pixel electrode 1821 through a contact hole, and indi-
rectly connected to the second minor pixel electrode 1822
through a coupling capacitance Cep. Accordingly, the second
major pixel electrode 1821 and the second minor pixel elec-
trode 1822 are supplied with the different data voltage from
each other same as the first major pixel electrode 1811 and the
first minor pixel electrode 1812.

[0153] According to the configuration described above, the
pixel region divided into the plural domains by the micro-slit
pattern P180 is further subdivided by the first major pixel
electrode 1811, the first minor pixel electrode 1812, the sec-
ond major pixel electrode 1821 and the second minor elec-
trode 1822 driven in the data voltage different from each
other. Then, the display device 905 has the view angle
enhanced further.

[0154] According to this configuration, the image quality
of the display device 905 according to the fifth exemplary
embodiment can be enhanced.

[0155] According to the present invention, an image quality
of a display device can be enhanced. Specifically, the display
device has an effect that can be obtained when the display
device is driven by the dot reverse way even if the display
device is driven by the column reverse way. That is, though a
polarity of data voltage is reversely supplied per date line,
each pixel electrode will have a polarity different from its
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adjacent pixel electrode not only in a transverse direction but
also in a longitudinal direction of the data line. Accordingly,
since the display device is driven by the column reverse way,
driving at 120 Hz or more is easy. Meanwhile, a cross talk that
can be produced when adopting the column reverse way can
be effectively suppressed.

[0156] Also, an aperture ratio of the display device can be
increased through disposing the data line at a center portion of
the pixel electrode.

[0157] Also, the data line is overlapped with the pixel elec-
trode by a constant area size even if there is an alignment error
since the data line is disposed at the center portion of the pixel
electrode. Accordingly, the image quality of the display
device can be enhanced.

[0158] Also, a view angle of the display device can be
effectively improved through pre-tilting the liquid crystal
molecules by dividing one pixel electrode region into multi
domains with various methods.

[0159] Also, the view angle of the display device is
enhanced further through subdividing the divided domains by
finely controlling the data voltage supplied to the pixel elec-
trode.

[0160] Although a few exemplary embodiments of the
present invention have been shown and described, it will be
appreciated by those skilled in the art that changes may be
made in these exemplary embodiments without departing
from the principles and spirit of the invention, the scope of
which is defined in the appended claims and their equivalents.

What is claimed is:

1. A display device comprising:

a first display substrate which comprises a plurality of pixel
electrodes, a plurality of data lines which are disposed
parallel with each other and cross a center portion of the
pixel electrodes, a plurality of gate lines which cross the
data lines, and a plurality of driving thin film transistors
which are respectively connected with the data lines, the
gate lines and the pixel electrodes;

a second display substrate which is disposed opposite to
the first display substrate and comprises a common elec-
trode, and;

a liquid crystal layer which is disposed between the first
display substrate and the second display substrate;

wherein one of the data lines supplies a data voltage to the
pixel electrodes crossed by the one of the data lines and
to the pixel electrodes crossed by the adjacent one of the
data lines alternately along a longitudinal direction of
the data lines.

2. The display device according to claim 1, wherein the
pixel electrodes connected to the one of the data lines are
supplied with the same polarity of the data voltage and are
supplied with a different polarity of the data voltage from the
adjacent data lines.

3. The display device according to claim 2, wherein the
each driving thin film transistor is connected with only one
data line among the plurality of data lines and is disposed at a
position corresponding to an edge portion of the each pixel
electrode,

the one of the data lines is connected alternately with the
driving thin film transistors disposed at the opposite
sides of the data lines along the longitudinal direction of
the data lines and,

the plurality of driving thin film transistors are connected
with the pixel electrodes disposed at the same side.
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4. The display device according to claim 2, wherein the
each driving thin film transistor is connected with only one
data line among the plurality of data lines and is disposed at a
position corresponding to an edge portion of the each pixel
electrode,

the one of the data lines is connected with the adjacent

driving thin film transistors disposed at the same side,
and

the plurality of driving thin film transistors are connected

alternately with the pixel electrodes disposed at opposite
sides of the data lines along the longitudinal direction of
the data lines.

5. The display device according to claim 2, wherein the
pixel electrodes comprise first pixel electrodes and second
pixel electrodes which are adjacent to the first pixel electrodes
in the longitudinal direction of the data lines and are supplied
with the data voltage from the data line adjacent to the one
data line,

the first pixel electrodes comprise first major pixel elec-

trodes and first minor pixel electrodes and,

the second pixel electrodes comprise second major pixel

electrode and the second minor pixel electrode.

6. The display device according to claim 5, wherein the
plurality of gate lines comprise first gate lines and second gate
lines,

the first gate lines comprise a first major gate line supplying

a gate signal to the driving thin film transistors con-
nected with the first major pixel electrodes, and first
minor gate lines supplying a gate signal to the driving
thin film transistors connected with the first minor pixel
electrodes, and

the second gate lines comprise second major gate line

supplying a gate signal to the driving thin film transistors
connected with the second major pixel electrodes, and
second minor gate lines supplying a gate signal to the
driving thin film transistors connected with the second
minor pixel electrodes.

7. The display device according to claim 6, wherein the first
major gate lines and the first minor gate lines supply the same
gate signal, and

the second major gate lines and the second minor gate lines

supply the same gate signal.

8. The display device according to claim 7, wherein the first
display substrate further comprises:

a storage electrode line formed parallel with the gate lines;

a storage electrode pad; and

a charging thin film transistor connected with one of the

second major gate lines, one of the first minor pixel
electrodes and the storage electrode pad.
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9. The display device according to claim 6, wherein the first
major gate lines and the first minor gate lines supply different
gate signals, and

the second major gate lines and the second minor gate lines

supply different gate signals.

10. The display device according to claim 5, wherein the
first major pixel electrodes and the second major pixel elec-
trodes are directly connected with the driving thin film tran-
sistors and,

the first minor pixel electrodes and the second minor pixel

electrodes are indirectly connected with the driving thin
film transistors through coupling capacitances.

11. The display device according to claim 5, wherein the
first display substrate further comprises a color filter disposed
between the pixel electrodes and the data lines.

12. The display device according to claim 5, wherein at
least one of the pixel electrodes and the common electrode
comprise a micro-slit pattern dividing a pixel region disposed
with the pixel electrodes into a plurality of domains.

13. The display device according to claim 12, wherein the
micro-slit pattern comprises:

at least one vertical part overlapped with the data lines;

at least one transverse part crossing the vertical part; and

a plurality of slant parts extended from at least one of the

vertical part and the transverse part.

14. The display device according to claim 13, wherein the
liquid crystal layer comprises vertically oriented liquid crys-
tal molecules and ultra violet ray cured type monomer,
wherein the micro-slit pattern and the ultra violet ray cured
type monomer pre-tilt the liquid crystal molecules in a direc-
tion different from each other for the each domain.

15. The display device according to claim 5, wherein at
least one of the pixel electrodes and the common electrode
comprise a cut pattern, and the cut pattern divides a pixel
region of the pixel electrodes into a plurality of domains.

16. The display device according to claim 15, wherein the
cut pattern comprises a first cut pattern overlapped parallel
with the data lines and a second cut pattern crossing the data
lines in a slant direction.

17. The display device according to claim 5 further com-
prises:

a first orientation film disposed on the pixel electrodes of

the first display substrate; and

a second orientation film disposed on the common elec-

trode of the second display substrate, and at least one of
the first orientation film and the second orientation film
divide each pixel electrode into a plurality of domains.

18. The display device according to claim 17, wherein
some of boundaries of the plural domains are overlapped
parallel with the data lines.
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