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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
the Korean Application No. 10-2009-0087743, filed on Sep.
16, 2009, 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] Exemplary embodiments of the present invention
relate to a liquid crystal display.

[0004] 2. Description of the Background

[0005] As one of widely used flat panel displays, a liquid
crystal display (LCD) includes two display panels provided
with field generating electrodes such as pixel electrodes and a
common electrode, and a liquid crystal layer interposed ther-
ebetween. The LCD display can present images by applying
voltages to the field-generating electrodes to generate an elec-
tric field in the liquid crystal (LC) layer that determines the
orientation of LC molecules therein to adjust polarization of
incident light.

[0006] A vertical alignment (VA) mode LCD, which aligns
LC molecules such that their long axes are perpendicular to
the panels in the absence of an electric field, is recognized
because of its high contrast ratio and wide reference viewing
angle.

[0007] In the vertical alignment (VA) mode liquid crystal
display, to obtain the wide viewing angle, a plurality of
domains in which the alignment directions of the liquid crys-
tal molecules are different may be formed in one pixel.
[0008] Various methods have been proposed in which an
approach discloses a minute slit or a cutout formed in the field
generating electrodes or a protrusion that is formed on the
field generating electrodes to form the plurality of domains in
one pixel. In this approach, the plurality of domains may be
formed in alignment with the liquid crystal molecules in
vertical direction with respect to a fringe field generated
between the edges of the cutout or the protrusion and the field
generating electrodes facing the edges.

[0009] However, a typical liquid crystal display using the
vertical alignment (VA) mode has poor side visibility com-
pared with front visibility such that one pixel is divided into
two subpixels and extra voltages are required to supply the
subpixels to solve the poor side visibility.

SUMMARY OF THE INVENTION

[0010] These and other needs are addressed by the present
invention, in which exemplary embodiments of the present
invention provide enhancing visibility of a liquid crystal dis-
play including a field generating electrode of a plurality of
minute slits to reduce display deterioration factor such as
texture.

[0011] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0012] Still other aspects, features, and advantages of the
present invention are readily apparent from the following
detailed description, simply by illustrating a number of par-
ticular embodiments and implementations, including the best
mode contemplated for carrying out the present invention.
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The present invention is also capable of other and different
embodiments, and its several details can be modified in vari-
ous obvious respects, all without departing from the spirit and
scope of the present invention. Accordingly, the drawing and
description are to be regarded as illustrative in nature, and not
as restrictive.

[0013] Exemplary embodiments of the present invention
disclose a liquid crystal display and method for manufactur-
ing the liquid crystal display. The liquid crystal display com-
prises a substrate and a pixel electrode, comprising a plurality
of minute branches, formed on the substrate. The pixel elec-
trode comprises a first region and a second region where a first
distance and a second distance are provided according to an
interval formed between the respective neighboring minute
branches. The second distance is larger than the first distance,
and a third region is positioned between the first region and
the second region, and the position of the third region having
an interval between the neighboring minute branches is
gradually changed.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram of a liquid crystal display,
according to exemplary embodiments of the present inven-
tion.

[0016] FIG. 2 is a circuit diagram illustrating exemplary
two subpixels and a structure of a liquid crystal display,
according to exemplary embodiments of the present inven-
tion.

[0017] FIG. 3 is a layout view of a liquid crystal panel
assembly, according to exemplary embodiments of the
present invention.

[0018] FIG. 4 is a top plan view of a pixel electrode of a
liquid crystal panel assembly of FI1G. 3.

[0019] FIG. 51is a cross-sectional view of the liquid crystal
panel assembly of FIG. 3 taken along the line V-V.

[0020] FIG. 6 is a circuit diagram of a pixel of a liquid
crystal display, according to exemplary embodiments of the
present invention.

[0021] FIG. 7 is a layout view of a liquid crystal panel
assembly, according to exemplary embodiments of the
present invention.

[0022] FIG. 8 is a cross-sectional view of the liquid crystal
panel assembly of FIG. 7 taken along the line VIII-VIIL.
[0023] FIG. 9 is a layout view of a liquid crystal panel
assembly, according to exemplary embodiments of the
present invention.

[0024] FIG. 10 is a layout view of a pixel electrode and a
gate conductor of a liquid crystal panel assembly of FIG. 9.
[0025] FIG. 11 is across-sectional view of the liquid crystal
panel assembly of FIG. 9 taken along the line XI-XI.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

[0026] An apparatus, method, and software for manufac-
turing a liquid crystal display (LCD) capable of enhancing
visibility of a liquid crystal display are described. In the
following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It is appar-
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ent, however, to one skilled in the art that the present invention
may be practiced without these specific details or with an
equivalent arrangement. In other instances, well-known
structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring the present invention.
[0027] Itis noted that when an element such as a layer, film,
region, or substrate is referred to as being “on” another ele-
ment, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

[0028] Now, a liquid crystal display according to an exem-
plary embodiment of the present invention will be described
with reference to FIG. 1 and FIG. 2.

[0029] FIG.11is ablock diagram of a liquid crystal display
according to exemplary embodiments of the present inven-
tion, and FIG. 2 is a circuit diagram illustrating exemplary
two subpixels and a structure of a liquid crystal display,
according to exemplary embodiments of the present inven-
tion.

[0030] Referring to FIG. 1, a liquid crystal display may
include a liquid crystal panel assembly 300, a gate driver 400,
and a data driver 500.

[0031] According to a circuit of the liquid crystal panel
assembly 300, the liquid crystal panel assembly 300 may
include a plurality of signal lines G1-Gn and D1-Dm, and a
plurality of pixels PX arranged in a substantial matrix format.
In the structure shown in FIG. 2, the liquid crystal panel
assembly 300 may include a lower panel 100 and an upper
panel 200 facing to each other and a liquid crystal layer 3
interposed therebetween.

[0032] The signal lines G1-Gn and D1-Dm that are pro-
vided in the lower panel 100 include a plurality of gate lines
G1 to Gn to transmit gate signals (referred as “scanning
signals”) and a plurality of data lines D1 to Dm to transmit a
data voltage. The gate lines G1 to Gn can be arranged in
parallel and extend approximately in a row direction, and the
data lines D1 to Dm can be arranged in parallel to each other
and extend approximately in a column direction.

[0033] For example, each pixel PX connected to the i-th
(=1,2,...,n)gate line G,) and the j-th =1, 2, ..., m) data
line D;) may include a pair of subpixels, and each subpixel
may include liquid crystal capacitors Clch and Clcl. Two
subpixels may further include a switching element (not
shown) connected to the gate lines G,-G,, the data lines
D,-D,,, and the liquid crystal capacitors Clch and Clel.
[0034] Theliquid crystal capacitor Clch/Clel may includea
first/second subpixel electrode 1914/191/ of the lower panel
100 and a common electrode 270 of the upper panel 200 and
the upper panel and lower panel can be provided as two
terminals. The liquid crystal layer 3 between the two termi-
nals serves as a dielectric material. The pair of subpixel elec-
trodes 191% and 191/ can be separated from each other and
can form one pixel electrode 191. The common electrode 270
canbe formed to the whole surface of the upper panel 200 and
can be applied with the common voltage Vcom. The liquid
crystal layer 3 has negative dielectric anisotropy, and liquid
crystal molecules of the liquid crystal layer 3 may be aligned
such that their major axes may substantially perpendicular to
the surfaces of the two display panels when an electric field is
not applied. Differently from the illustration in FIG. 2, the
common electrode 270 may be formed on the lower panel
100, and at least one of the two electrodes 191 or 270 may
have a linear shape or a bar shape.
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[0035] For example, for color display, each pixel PX
uniquely can display one of three primary colors (spatial
division) or each pixel PX alternately can display the three
primary colors (temporal division) as time passes, and a
desired color can be recognized by a spatial or temporal sum
of the primary colors. For example, the primary colors can be
three primary colors of red, green, and blue. FIG. 2 shows a
color filter 230 displaying one of primary colors on a region of
the upper panel 200 by each of the pixels as an example of
spatial division. In some example, unlike the case of FIG. 2,
the color filter 230 may be provided on or under the subpixel
electrodes 1914 and 191/ of the lower panel 100.

[0036] Polarizers (not shown) may be provided on the outer
surface of the display panels 100 and 200, and polarization
axis of the two polarizers may be crossed.

[0037] Referring againto FIG. 1, the data driver 500 can be
connected to the data lines D1-Dm of the liquid crystal panel
assembly 300, and can apply the data voltage to the data lines
D1-Dm.

[0038] The gate driver 400 can be connected to the gate line
G1 to Gn of the liquid crystal panel assembly 300, and can
apply gate signals obtained by combining a gate-on voltage
Von to turn on a switching element and a gate-off voltage Voff
to turn off the switching element to the gate lines G1 to Gn.

[0039] Next, one example of the liquid crystal panel assem-
bly will be described with reference to FIG. 3, FIG. 4 and FIG.
5

[0040] FIG. 3 is a layout view of a liquid crystal panel
assembly according to exemplary is embodiments of the
present invention, FIG. 4 is a top plan view of a pixel electrode
of a liquid crystal panel assembly of FI1G. 3, and FIG. S is a
cross-sectional view of the liquid crystal panel assembly of
FIG. 3 taken along the line V-V.

[0041] Aliquid crystal panel assembly according to exem-
plary embodiments of the present invention includes the
lower panel 100 and the upper panel 200 facing each other,
and the liquid crystal layer 3 interposed therebetween. Polar-
izers (not shown) may be provided on the outer surface of the
display panels 100 and 200.

[0042] Next, the upper panel 200 will be described.

[0043] A common electrode 270 can be formed on an insu-
lation substrate 210. The common electrode 270 may be made
of a transparent conductor or metal such as ITO and IZO. An
alignment layer (not shown) may be formed on the common
electrode 270.

[0044] The liquid crystal layer 3 between the lower panel
100 and the upper panel 200 may include liquid crystal mol-
ecules having negative dielectric anisotropy, and may be ori-
ented such that the major axes of the liquid crystal molecules
of the liquid crystal layer 3 are substantially perpendicular to
the surfaces of the two display panels 100 and 200 when no
electric field is applied.

[0045] Now, the lower panel 100 will be described.

[0046] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of down gate lines 123, and a
plurality of storage electrode lines 125 can be formed on an
insulation substrate 110.

[0047] The gate lines 121 and the down gate lines 123 can
transfer gate signals and substantially extend in a horizontal
direction. Each gate line 121 may include a first gate electrode
124/ and a second gate electrode 124/ protruding upward and
downward, and each down gate line 123 may include a third
gate electrode 124¢ protruding upward. The first gate elec-
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trode 124/ and the second gate electrode 124/ can be con-
nected to each other thereby forming a single protrusion.
[0048] The storage electrode lines 125 can substantially be
extended in the horizontal direction and may transfer a pre-
determined voltage such as a common voltage Vcom. The
storage electrode line 125 may include a storage electrode
129 protruding upward and downward, a pair of longitudinal
portions 128 extending substantially vertical to the gate line
121 downward, and a transverse portion 127 connecting each
ends of the pair of longitudinal portions 128 to each other. The
transverse portion 127 may include a storage expansion 126
extended downward.

[0049] A gate insulating layer 140 can be formed on the
gate conductor 121, 123, and 125.

[0050] A plurality of semiconductor stripes 151 made of
such as hydrogenated amorphous silicon (a-Si) or polysilicon
can be formed over the gate insulating layer 140. The semi-
conductor stripes 151 can substantially be extended in the
vertical direction, and each semiconductor stripe 151 may
include a first and a second semiconductors 154% and 154/
extending toward the first and the second gate electrodes 124/
and 124/ and connected to each other, and a third semicon-
ductor 154¢ can be connected to the second semiconductor
154/,

[0051] A plurality of ohmic contact stripes 161 can be
formed on the semiconductor stripes 151 in which first ohmic
contacts 163/ and 165 can be formed on the first semicon-
ductor 1544, and a second ohmic contact (not shown) and a
third ohmic contact (not shown) can also be formed on the
second semiconductor 154/ and the third semiconductor
154c. 1t is noted that the first ohmic contact 165/ may be
protruded from the chmic contact stripe 161.

[0052] A data conductor including a plurality of data lines
171, a plurality of first drain electrodes 1755, a plurality of
second drain electrodes 175/, and a plurality of third drain
electrodes 175¢ can be formed on the ohmic contacts 161 and
165/

[0053] The datalines 171 can transmit data signals and are
provided extending in the longitudinal direction thereby
intersecting the gate lines 121 and the down gate lines 123.
Each data line 171 may include a first source electrode 1737
and a second source electrode 173/ forming a ‘W’ shape
together and extending toward the first gate electrode 1244
and the second gate electrode 124/,

[0054] Thefirst drainelectrode 175k, the second drain elec-
trode 175/, and the third drain electrode 175¢ may have one
end portion having a wide area and the other end portion of a
linear shape. The bar end portions of the first drain electrode
175k and the second drain electrode 175/ may partially be
enclosed by the first source electrode 173% and the second
source electrode 173/. The wide end portion of the second
drain electrode 175/ is extending thereby to form the third
source electrode 173¢ as a “U” shape. A wide end portion
177¢ of the third drain electrode 175¢ may overlap the storage
expansion 126 thereby forming a down capacitor Cstd, and
the bar end portion may partially be enclosed by the third
source electrode 173c.

[0055] The first/second/third gate electrode 1244/124l/
124c, the first/second/third source electrode 1734/173//173¢,
and the first/second/third drain electrode 1754/175/175¢
may form the first/second/third thin film transistor (TFT)
Qh/QI/Qc along with the first/second/third semiconductor
island 1544/154//154¢, and a channel of the thin film transis-
tor may respectively be formed in the semiconductor 1544/
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1541/154c¢ between the source electrode 173/4/1731/173¢ and
the drain electrode 1754/175//175¢.

[0056] Also, the semiconductor stripes 151 including the
semiconductors 154/, 154/, and 154¢ except for the channel
region between the source electrodes 173/, 173/, and 173c,
and the drain electrodes 175k, 175/, and 175¢ may have
substantially similar shape as the data conductors 171, 1752,
1751, and 175¢, and the underlying ohmic contacts 161 and
1654. That is, the semiconductor stripes 151 including the
semiconductors 1544, 154/, and 154¢ may have a portion that
can be exposed without being covered by the data conductors
171, 175k, 1751, and 175¢, and a portion between the source
electrodes 1734, 173/, and 173c and the drain electrodes
175k, 1751, and 175¢.

[0057] Alower passivation layer 180p made of an inorganic
insulator such as silicon nitride or silicon oxide can be formed
on the data conductors 171, 175k, 175/, 175¢ through which
the semiconductors 1544, 154/, and 154c¢ can be exposed.

[0058] A color filter 230 can be formed on the lower pas-
sivation layer 180p. In some examples, the color filter 230 can
be formed in most of the region except for the region of the
first thin film transistor (Qh), the second thin film transistor
(QI), and the third thin film transistor (Qc). Also, each color
filter 230 may be formed along in the space of the longitudinal
direction between the neighboring data lines 171. Each color
filter 230 may display one of primary colors such as three
primary colors, for example, red, green, and blue.

[0059] A light blocking member 220 can be formed to the
region at which the color filter 230 does not occupy or the
portion of the color filter 230. The light blocking member 220
may be referred to as a black matrix and prevents light leak-
age. The light blocking member 220 may include a portion
covering aregion at which the first thin film transistor Qh, the
second thin film transistor Ql, and the third thin film transistor
Qc can be disposed along with an extending portion accord-
ing to the data line 171. The light blocking member 220 may
include an opening 227 disposed on the first thin film transis-
tor Qh and the second thin film transistor Ql, an opening 226/
disposed on the wide end portion of the first drain electrode
175k, anopening 226/ disposed on the wide end portion of the
second drain electrode 175/, and an opening 228 disposed on
the third thin film transistor Qc. Deterioration inspections of
the elements such as the thin film transistors may be per-
formed during a manufacturing process of a liquid crystal
display through the openings 2264, 226/, 227, and 228 from
which the light blocking member 220 can be removed.

[0060] An upper passivation layer 180g can be formed on
the light blocking member 220 and the color filter 230.

[0061] The lower passivation layer 180p and the upper
passivation layer 180¢ have a plurality of contact holes 185/
and 185/ respectively exposing to the wide end portion of the
first drain electrode 1754 and the wide end portion of the
second drain electrode 175/. The contact holes 185/ and 185/
can be disposed within the openings 2264 and 226/ of the light
blocking member 220.

[0062] A pixel electrode including the first subpixel elec-
trode 1914 and the second subpixel electrode 191/ can be
formed on the upper passivation layer 180g.

[0063] The first and second subpixel electrodes 191/ and
191/ are adjacent each other in the column direction. The
height of the second subpixel electrode 191/ may be higher
than the height of the first subpixel electrode 191/, and the
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height of the second subpixel electrode 191/ may be about one
to three times higher than that of the first subpixel electrode
191%.

[0064] The entire shape of the first subpixel electrode 191%
can be a quadrangle, and may include a cross stem 1957
including a transverse stem and a longitudinal stem, an outer
stem 196/ enclosing the cross stem 195 along the outer
boundary, and a protrusion 192/% protruding downward from
the longitudinal stem of the cross stem 1954.

[0065] The entire shape of the second subpixel electrode
191/ may also a quadrangle, and may include a cross stem
195/ including a transverse stem and a longitudinal stem, an
upper transverse portion 196/a, a lower transverse portion
196/b. and a protrusion 192/ protruding upward from the
upper portion of the longitudinal stem of the cross stem 195/
and right and left longitudinal portions 193/a and 193/5 dis-
posed on the right and left sides of the first subpixel electrode
191%. The right and left longitudinal portions 193/¢ and 19376
may prevent capacitive coupling between the data line 171
and the first subpixel electrode 191/.

[0066] The first subpixel electrode 191/ can be divided into
four subregions by the cross stem 195/, and the second sub-
pixel electrode 191/ can be divided into four subregions by the
cross stem 195/. Each subregion may include a plurality of
minute branch electrodes 1994 and 199/ obliquely extending
outside from the cross stems 195/ and 195/, and minute slits
91/ and 91/ can be disposed between the neighboring minute
branches 1997 and 199/. The minute branches 199/ and 199/
or the minute slits 91% and 91/ may form an angle of about 45
or 135 degrees based on the gate line 121. The minute
branches 199/ and 199/ or the minute slits 91/ and 91/ of two
neighboring subregions may be formed substantially in a
right angle with each other.

[0067] Referring to FIG. 4, each subregion of the second
subpixel electrode 191/ may include a first region HA where
the interval between the minute branches 199/ or the width
WH of the minute slits 91/ is relatively narrow, a second
region LA where the interval between the minute branches
199/ or the width WL of the minute slits 91/ is relatively wide,
and a third region MA where the interval between the minute
branches 199/ or the width WM of the minute slits 91/ can
gradually be changed. Accordingly, the pitch of the minute
branches 199/ or the minute slits 91/ in the third region MA
can be increased as approaching to the second region LA from
the first region HA. In the first region HA, the second region
LA, and the third region MA, the width of the minute
branches 199/ or the interval between the minute slits 91/ may
be uniform. For example, the interval between neighboring
minute branches 199/ or the interval between neighboring
minute slits 91/ may be in the range of about 3.5-4.5 pm, more
preferably about 4 um.

[0068] In each subregion of the second subpixel electrode
191/, the area of the first region HA may larger than that of the
second region LA. Particularly, when the first region HA
occupies about 60-70% of the entire area of each subregion,
the transmittance of the liquid crystal display may be highly
improved. More particularly, when the first region HA occu-
pies about 61.5% of the entire area of each subregion, the best
visibility and transmittance may be achieved.

[0069] The third region MA may occupy about 15-25% of
the entire area of each subregion.

[0070] In the first region HA, the interval between the
minute branches 199/ or the width WH of the minute slits 91/
may be in the range of about 2.5-3.5 pm, more preferably,
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about 3 pm, and the pitch of the minute branches 199/ or the
minute slits 91/ may be in the range of about 5-7 um, more
particularly, about 6 um. In the second region LA, the interval
between the minute branches 199/ or the width WL of the
minute slits 91/ may be in the range ofabout 3.5-5.5 pm, more
preferably, about 4-5 um, and the pitch of the minute branches
199/ or the minute slits 91/ may be in the range of about 6-9
wm, more particularly, about 7-8 um. Also, in the third region
MA, the interval between the minute branches 199/ or the
width WM of the minute slits 91/ may be gradually changed
by about 0.2-0.3 pm, more preferably, by about 0.25 um. The
provided values are exemplary, and one of ordinary skill in the
art may recognize the values can be changed according to the
design elements such as a cell gap and kind and characteris-
tics of the liquid crystal layer 3.

[0071] The protrusion 192/ of the first subpixel electrode
191/ may receive the data voltage from the first drain elec-
trode 175/ via the first contact hole 185/, and the protrusion
192/ of the second subpixel electrode 191/ may receive the
data voltage from the second drain electrode 175/ via the
second contact hole 185/. In this example, the data voltage
applied to the second subpixel electrode 191/ may be less than
the data voltage applied to the first subpixel electrode 191%.

[0072] An alignment layer (not shown) may be formed on
the first and second subpixel electrodes 191/ and 191/, and
the upper passivation layer 180q.

[0073] The first and second subpixel electrodes 191/ and
191/ applied by the data voltage may form the electric field
along with the common electrode 270 of the upper panel 200
such that the electric field may determine the direction of the
liquid crystal molecules in the liquid crystal layer 3 between
two electrodes 191 and 270. The change degree of the polar-
ization of the light that is incident to the liquid crystal layer 3
can be changed according to the inclination degree of the
liquid crystal molecules, and the change of the polarization
may correspond to a change ofthe transmittance by the polar-
izer, thereby displaying images of the liquid crystal display.

[0074] Insome examples, the edges of the minute branches
199/ and 199/ or the minute slits 91% and 91/ included in the
first and second subpixel electrodes 191/ and 191/ may dis-
tort the electric field to make the horizontal components per-
pendicular to the edges of the minute branches 199/ and 199/
or the minute slits 91/ and 91/, and the inclination direction of
the liquid crystal molecules 31 can be determined according
to the direction determined by the horizontal components.
Accordingly, the liquid crystal molecules 310 firstly may tend
to tilt in the direction perpendicular to the edges of the minute
branches 199% and 199/ or the minute slits 91% and 91/.
However, since the directions of the horizontal components
of the electric field can be affected by neighboring minute
branches 199/ and 199/ or minute slits 91% and 91/ that are
opposite to each other, and the widths of the minute branches
199/ and 199/ or the minute slits 91/ and 91/ are narrow, the
liquid crystal molecules tend to arrange in opposite directions
to each other that are tilted in the direction parallel to the
length direction in which the minute branches 199/ and 199/
or minute slits 91/ and 91/ can be extended.

[0075] Also, in exemplary embodiments of the present
invention, the first and second subpixel electrodes 191/ and
191/ may include four subregions where the length directions
in which extension of the minute branches 199% and 199/ or
the minute slits 91/ and 91/ 1s different from each other such
that the inclined directions of the liquid crystal molecules of
the liquid crystal layer 3 can be all four directions. Therefore,
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the viewing angle of the liquid crystal display can be widened
by varying the inclined directions of the liquid crystal mol-
ecules.

[0076] The first subpixel electrode 1914 and the common
electrode 270 may form the first liquid crystal capacitor Clch
along with the liquid crystal layer 3 interposed therebetween,
and the second subpixel electrode 191/ and the common
electrode 270 may form the second liquid crystal capacitor
Clcl along with the liquid crystal layer 3 interposed therebe-
tween thereby maintaining the voltage after the first and sec-
ond thin film transistors Qh and QI can be turned off.

[0077] The first and second subpixel electrodes 191/ and
191/ may overlap the storage electrode line 125 as well as the
storage electrode 129 thereby forming the first and second
storage capacitors Csth and Cstl, and the first and second
storage capacitors Csth and Cstl to enhance the voltage stor-
age capacity of the first and second liquid crystal capacitors
Clch and Clel.

[0078] In some examples, the voltage of the first subpixel
electrode 191/ and the second subpixel electrode 191/ may be
changed, as according to the above described process, if the
voltages of the first and second subpixel electrodes 191/ and
191/ can be different, the voltages applied to the first and
second liquid crystal capacitors Clch and Clcl can be different
such that the luminance thereof also can be different. Accord-
ingly, if the voltages of the first and second liquid crystal
capacitors Clca and Cleb can appropriately be controlled it is
contemplated that the lateral visibility can be improved. The
operation by which the voltages of the first subpixel electrode
191/ and the second subpixel electrode 191/ can be changed
will be described later.

[0079] In some examples, each subregion of the second
subpixel electrode 191/ may include a region where the inter-
val between the minute branches 199/ or the width of the
minute slits 91/ may wide and a region where the interval
between the minute branches 199/ or the width of the minute
slits 91/ may narrow. The intensity of the electric field in the
liquid crystal layer 3 can be increased as the interval between
the minute branches 199/ or the width of the minute slits 91/
is narrower, such that at least two region having different
inclination degrees of the liquid crystal molecules can be
generated in the second liquid crystal capacitor Clcl, and the
luminance thereof can be changed according to the regions.
Accordingly, the lateral visibility may further be improved.
[0080] In some examples, when two regions HA and LA
where the pitch of the minute branches 199/ or the minute slits
91/ are different from each other in each subregion of the
second subpixel electrode 191/ that are adjacent to each other,
texture may be generated at the boundary therebetween.
However it is recognized that the third region MA where the
pitch of the minute branches or the minute slits can gradually
be changed that can be disposed between two regions HA and
LA where the pitch of the minute branches 199/ or the minute
slits 91/ may different, such that the arrangement of the liquid
crystal molecules may be controlled, and transmittance may
be improved by minimizing the texture.

[0081] In some examples, the second subpixel electrode
191/ may include the region LA having a relatively larger
pitch of the minute branches 199/ or the minute slits 91/, the
region HA having a relatively small pitch of the minute
branches or the minute slits, and the region MA between the
region LA and the region HA where the pitch of the minute
branches or the minute slits can be gradually changed. How-
ever it is contemplated that the present invention may be
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applied for visibility improvement and texture reduction pro-
cess that the pixel electrode of one pixel PX may not divided
into two subpixel electrodes, but may consist in one body. In
this example, the pixel electrode may have the same structure
as the first subpixel electrode 191/ or the second subpixel
electrode 191/ as shown in FIG. 4, and a data voltage from a
data line may be transmitted through one thin film transistor.
[0082] In some examples, one subpixel electrode may
include at least two regions where the pitch of the minute
branches or the pitch of the minute slits may different. Even in
this example, it is noted that a middle region where the pitch
of the minute branches or the pitch of the minute slits can
gradually be changed and the pitch may further be disposed
between two neighboring regions where the pitch of the
minute branches or the pitch of the minute slits may different.
[0083] By way of example, a spacer (not shown) may be
provided to maintain a gap between the lower panel 100 and
the upper panel 200, referred to as a cell gap, may be further
formed on the lower panel 100.

[0084] Next, the circuit structure and the operation of the
liquid crystal display according to exemplary embodiments
of the present invention will be described with reference to
FIG. 6 along with the above-described FIG. 1, FIG. 2, FIG. 3,
FIG. 4 and FIG. 5.

[0085] FIG. 6 is a circuit diagram of a pixel of a liquid
crystal display, according to exemplary embodiments of the
present invention.

[0086] Referringto FIG. 6, aliquid crystal display shown in
FIG. 1, FIG. 2, FIG. 3, FIG. 4 and FIG. 5 may include signal
lines including a gate line 121, a storage electrode line 125, a
down gate line 123, a data line 171, and a pixel PX connected
to the signal lines.

[0087] Thepixel PX may include the first, second, and third
thin film transistors Qh, Ql, and Qc, the first and second liquid
crystal capacitors Clch and Clel, the first and second storage
capacitors Csth and Cstl, and a down capacitor Cstd. For
example, for purpose of the illustration, the first switching
element Qh and the first thin film transistor Qh, the second
switching element QI and the second thin film transistor Ql,
and the third switching element Qc and the third thin film
transistor Qc can be denoted by the same reference numerals,
respectively.

[0088] The first and second thin film transistors Qh and Ql
can be connected to the gate line 121 and the data line 171,
and the third thin film transistor Qc can be connected to the
down gate line 123.

[0089] The first and second thin film transistors Qh and Ql,
being as three terminal elements, provided in the lower panel
100 may have a control terminal connected to the gate line
121, an input terminal connected to the data line 171, and an
output terminal connected to the first and second liquid crys-
tal capacitors Clch and Clel, and the first and second storage
capacitors Csth and Cstl.

[0090] The third thin film transistor Qc, being as a three
terminal element, provided in is the lower panel 100 may have
a control terminal connected to the down gate line 123, an
input terminal connected to the second liquid crystal capaci-
tor Clel, and an output terminal connected to the down capaci-
tor Cstd.

[0091] The first and second liquid crystal capacitors Clch
and Clcl can be formed by overlapping the first and second
subpixel electrodes 1914 and 191/ connected to the first and
second switching elements Qh and Q1 and the common elec-
trode 270 of the upper panel 200 to each other. The first and
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second storage capacitors Csth and Cstl can be formed by
overlapping the storage electrode line 125, the storage elec-
trode 129 and the first and second subpixel electrodes 191%
and 191/

[0092] The down capacitor Cstd can be connected to the
output terminal of the third thin film transistor Qc and the
storage electrode line 125, and the storage electrode line 125
canbe provided in the lower panel 100 and the output terminal
of the third thin film transistor Qc overlapping each other via
the insulator.

[0093] Insome examples,ifthe gateline 121 is applied with
the gate-on voltage Von, the first and second thin film tran-
sistors Qh and QI can be turned on.

[0094] Forexample, the data voltage applied to the data line
171 may equally be applied to the first and second subpixel
electrodes 1914 and 191/ through the turned-on first and
second switching elements Qh and Q. The first and second
liquid crystal capacitors Clch and Clcl can be charged by a
difference between the common voltage Vcom of the com-
mon electrode 270 and the voltage of the first and second
subpixel electrodes 191% and 191/ such that the charging
voltage of the first liquid crystal capacitor Clch can be the
same value as the charging voltage of the second liquid crystal
capacitor Clcl. In this example, the down gate line 123 can be
applied with the gate-off voltage Voff.

[0095] In some examples, as similar to the gate line 121 is
applied with the gate-off voltage Voff, if the down gate line
123 is applied with the gate-on voltage Von, the first and
second switching elements Qh and Q1 connected to the gate
line 121 can be turned off, and the third switching element Qc
canbe turned on. Accordingly, charges of the second subpixel
electrode 191/ connected to the output terminal of the second
switching element QI can flow into the down capacitor Cstd
such that the voltage of the second liquid crystal capacitor
Clcl can be decreased.

[0096] In some examples, if the liquid crystal display
according to exemplary embodiments of the present inven-
tion can be driven by frame inversion, and if the data line 171
is applied with a positive data voltage with respect to the
common voltage Vcom in the present frame, negative charges
can be gathered in the down capacitor Cstd after the process
of a previous frame is finished. In the present frame, if the
third switching element Qc is turned on, the positive charges
of the second subpixel electrode 191/ can flow into the down
capacitor Cstd through the third switching element Qc such
that positive charges can be gathered in the down capacitor
Cstd and the voltage of the second liquid crystal capacitor
Clel can be decreased. In the next frame, for example, the
third switching element Qc is turned on in a state that negative
charges are charged in the second subpixel electrode 191/, the
negative charges of the second subpixel electrode 191/ can
flow into the down capacitor Cstd such that negative charges
can be gathered in the down capacitor Cstd, and the voltage of
the second liquid crystal capacitor Clcl can be decreased.
[0097] It should be understood that the charging voltage of
the second liquid crystal capacitor Clcl may lower than the
charging voltage of the first liquid crystal capacitor Clch
regardless of the polarity of the data voltage. Accordingly, the
charging voltages of the first and is second liquid crystal
capacitors Clch and Clcl may be different from each other,
such that the lateral view of the liquid crystal display may be
improved.

[0098] In some examples, the first and second switching
elements Qh and Ql of the first and second subpixel electrodes
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191/ and 191/ may be applied with different data voltages
obtained from one image information through different data
lines, or at different times. In this example, the third switching
element Qc and the down capacitor Cstd may be omitted by
way of configuration of manufacturing process.

[0099] Next, a liquid crystal panel assembly according to
exemplary embodiments of the present invention will be
described with reference to FIG. 7 and FIG. 8. The same
constituent elements as of the previous exemplary embodi-
ment are indicated by the same reference numerals, and the
same description may be omitted to avoid unnecessarily
obscuring the present invention.

[0100] FIG. 7 is a layout view of a liquid crystal panel
assembly, according to exemplary embodiments of the
present invention, and FIG. 8 is a cross-sectional view of the
liquid crystal panel assembly of FIG. 7 taken along the line
VII-VIIL

[0101] Referring to FIG. 7 and F1G. 8, a liquid crystal panel
assembly according to exemplary embodiments of the
present invention may include a lower panel 100 and an upper
panel 200 facing each other, and a liquid crystal layer 3
interposed between two display panels 100 and 200.

[0102] Firstly, the lower panel 100 will be described.
[0103] As shown in FIG. 8, for example, a plurality of gate
lines 121 including a plurality of gate electrodes 124 protrud-
ing upward can be formed on an insulation substrate 110, and
a gate insulating layer 140 can be formed thereon. A plurality
of semiconductor islands 154 can is be formed on the gate
insulating layer 140.

[0104] A plurality of pairs of ohmic contact islands 163 and
165 can be formed on the semiconductors 154, and a plurality
of data lines 171 and a plurality of drain electrodes 175 can be
formed on the ohmic contact islands 163 and 165 and the gate
insulating layer 140. Each data line 171 including a plurality
of source electrodes 173 can be extended toward the gate
electrodes 124 and curved with a “U” shape.

[0105] The drain electrode 175 may include a longitudinal
portion, a transverse portion 176, and an expansion 177. The
longitudinal portion may face the source electrode 173 with
respect to the gate electrode 124. The transverse portion 176
may intersect the longitudinal portion in the vertical direction
and can be extended in the transverse direction and parallel to
the gate line 121. The expansion 177 can be disposed on one
end of the transverse portion 176 and may have a wide area for
contacting with another layer.

[0106] A passivation layer 180 can be formed on the data
line 171, the drain electrode 175, and the exposed semicon-
ductor 154. The passivation layer 180 may have a plurality of
contact holes 185 exposing to the expansion 177 of the drain
electrode 175.

[0107] A plurality of pixel electrodes 191 can be formed on
the passivation layer 180. The shape of the pixel electrode 191
may similar to the shape of the first subpixel electrode 191% or
the second subpixel electrode 191/ that are described above.
The lower protrusion 197 of the pixel electrode 191 can be
connected to the drain electrode 175 through the contact hole
185 thereby receiving the data voltage from the drain elec-
trode 175.

[0108] An alignment layer 11 may be formed on the pixel
electrode 191.
[0109] Next, referring to the upper panel 200, a light block-

ing member 220 can be formed on a substrate 210. The light
blocking member 220 may prevent light leakage generated
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between the pixel electrodes 191, and may include a plurality
of openings 225 defining the regions facing the pixel elec-
trodes 191.

[0110] A plurality of color filters 230 can be formed on the
substrate 210 and the light blocking member 220. Most of the
color filters 230 may be disposed in the regions enclosed by
the light blocking members 220, and may be extended
according to the column of the pixel electrodes 191. In some
examples, the color filter 230 may be disposed in the lower
panel 100.

[0111] An overcoat 250 can be formed on the color filters
230 and the light blocking member 220, and a common elec-
trode 270 may preferably be made of a transparent conductor
such as ITO or IZO that is formed on the whole surface of the
overcoat 250. An alignment layer 21 can be formed on the
common electrode 270.

[0112] Thetwo alignment layers 11 and 21 may be vertical
alignment layers.

[0113] Thepixel electrode 191 can be applied with the data
voltage from the data line 171, and generates the electric field
to the liquid crystal layer 3 along with the common electrode
270 applied with the common voltage. Thus, liquid crystal
molecules 31 of the liquid crystal layer 3 can change direc-
tions so that the major axes thereof may become perpendicu-
lar to the direction of the electric field in response to the
electric field.

[0114] The pixel electrode 191 may include four subre-
gions divided by the minute slits 91 extending in different
directions, and the inclined directions of the liquid crystal
molecules 30, opposing to the pixel electrode 191, are all four
directions due to minute slits 91. Each subregion may include
a first region HA having a relatively small pitch of the minute
branches 199 or the minute slits 91, a second region having a
relatively large pitch of the minute branches 199 or the minute
slits 91, and a third region MA where the pitch of the minute
branches 199 or the pitch of the minute slits 91 may gradually
be changed. The minute branches 199 and the minute slits 91
of the pixel electrode 191 may be applied with the various
characteristics and may effects for the minute branches and
minute slits of the second subpixel electrode 191/ of the
above-described exemplary embodiments.

[0115] Next, a liquid crystal panel assembly according to
exemplary embodiments of the present invention will be
described with reference to FIG. 9, F1IG. 10, and F1G. 11. The
same constituent elements as of the previous exemplary
embodiment are indicated by the same reference numerals,
and the same description may be omitted to avoid unneces-
sarily obscuring the present invention.

[0116] FIG. 9 is a layout view of a liquid crystal panel
assembly according to exemplary embodiments of the
present invention, FIG. 10 is a layout view of a pixel electrode
and a gate conductor of a liquid crystal panel assembly of
FIG. 9, and FIG. 11 is a cross-sectional view of the liquid
crystal panel assembly of FIG. 9 taken along the line XI-XI.
[0117] Referring to FIG. 9, FIG. 10, and FIG. 11, a liquid
crystal panel assembly according to exemplary embodiments
of the present invention is similar to as the liquid crystal panel
assembly shown in FIG. 3, FIG. 4, and FIG. 5 such that
different illustration points from the liquid crystal panel
assembly shown in FIG. 3, FIG. 4, and FIG. 5 will be mainly
described.

[0118] For example, a common electrode 270 can be
formed on an insulation substrate 210 consisting of an upper

Mar. 17,2011

panel 200, and a liquid crystal layer 3 can be formed between
the lower panel 100 and the upper panel 200.

[0119] Inreferringtothe lower panel 100, a plurality of gate
conductors including a plurality of gate lines 121, a plurality
of down gate lines 123, and a plurality of storage electrode
lines 125a may be formed an insulation substrate 110.

[0120] In some example, the storage electrode line 125a
may be disposed directly on the gate line 121 and may be
extended mainly in the horizontal direction, and may transmit
a predetermined voltage such as the common voltage Vcom.
The storage electrode line 1254 may include a storage expan-
sion 126a expanded downward, a pair of first longitudinal
portions 128« expanded upward and approximately vertical
to the gate line 121, a transverse portion 127« connecting the
ends of the pair of the first longitudinal portions 1284 to each
other, a storage electrode 129a of which the portion of the
transverse portion 127a can be expanded up and down, and a
pair of second longitudinal portions 1285 can be extended
from the end of the first longitudinal portions 128a.

[0121] A gate insulating layer 140 may be formed on the
gate conductors 121, 123, and 125a.

[0122] A plurality of semiconductor stripes (not shown)
may be formed on the gate insulating layer 140, and a plural-
ity of ohmic contact stripes (not shown) may be formed
thereon. The semiconductor stripes may include the first and
second semiconductors 154/ and 154/ and the third semicon-
ductor 154¢ connected to the second semiconductor 154/. A
second ohmic contact 165/ may be formed on the second
semiconductor 154/.

[0123] A data conductor including a plurality of data lines
171, a plurality of first drain electrodes 175k, a plurality of
second drain electrodes 175/, and a plurality of third drain
electrodes 175¢ can be formed on the ohmic contact 165/.

[0124] A lower passivation layer 180p may be formed on
the data conductors 171, 1754, 175/, and 175¢, and the
exposed semiconductors 154/, 154/, and 154¢, and a color
filter 230 and a light blocking member 220 may be formed
thereon. The light blocking member 220 may include open-
ings 226/,226/, 227 and 228.

[0125] An upper passivation layer 1804 may be formed on
the color filter 230 and the light blocking member 220.

[0126] Insome examples, at least one of the color filter 230
and the light blocking member 220 may be formed in the
upper panel 200, and the upper passivation layer 1804 may be
omitted by way of configuration according to manufacturing
process. When at least one of the color filter 230 and the light
blocking member 220 is formed in the upper panel 200, an
upper passivation layer (not shown) made of an organic mate-
rial can be formed on the lower passivation layer 180p, or an
organic layer (not shown) may be formed instead of the lower
passivation layer 180p.

[0127] A pixel electrode including the first subpixel elec-
trode 191/ and the second subpixel electrode 191/ is formed
on the upper passivation layer 180q.

[0128] The first subpixel electrode 191/ may include a
cross stem 195k, an upper transverse connection 196/%a, a
lower transverse connection 19645, left and right longitudinal
connections 194/ connecting the upper transverse connection
1964a and the lower transverse connection 196/b, and a
protrusion 192/ protruding downward from the lower portion
of the longitudinal stem of the cross stem 195%. The upper
transverse connection 196/a, the lower transverse connection
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19645, and the left and right longitudinal connections 194/
may form together the periphery of the first subpixel electrode
191%.

[0129] The entire shape of the second subpixel electrode
191/ may similar to the first subpixel electrode 191%. The
second subpixel electrode 191/ may include a cross stem
195/, an upper transverse connection 196/a, a lower trans-
verse connection 196/b, left and right longitudinal connec-
tions 194/ connecting the upper transverse connection 196/a
and the lower transverse connection 196/5, and a protrusion
192/ protruded upward from the upper portion of the longi-
tudinal stem of the cross stem 195/. The upper transverse
connection 196/a, the lower transverse connection 196/b, and
the left and right longitudinal connections 194/ may form
together an outer edge of the second subpixel electrode 191/.
[0130] Insome examples, the first subpixel electrode 191%
and the second subpixel electrode 191/ can be divided into
four subregions by the cross stems 1954 and 195/, and the
outer edge, and each subregion may include a plurality of
minute branches 199/ and 199/ and minute slits 914 and 91/
obliquely extending outside from cross stems 195% and 195/.
The ends of the plurality of minute branches 199% and 199/
can be connected with the outer edge.

[0131] The width We of the upper transverse connections
196/a and 196/a, the lower transverse connections 19646 and
196/b. and the left and right longitudinal connections 194/
and 194/ forming the outer edge of the first subpixel electrode
191/ and the second subpixel electrode 191/ may be less than
about 2.5 times of the width Wb of the minute branches 199%
and 199/ of the first subpixel electrode 191/ and the second
subpixel electrode 191/. For example, the interval between
the minute branches 199/ and the width of the minute slits 91/
in each subregion of the second subpixel electrode 191/ may
notbe changed according to positions, but the interval may be
uniform.

[0132] The upper transverse connection 19644 of the first
subpixel electrode 191/ may substantially overlap the trans-
verse portion 127a of the storage electrode line 125¢ in a
width direction of the storage electrode line 1254, such that
the upper transverse connection 196.¢ can be disposed inside
of the outer edge of the transverse portion 127a of the storage
electrode line 1254, and the lower transverse connection
196/ may substantially overlap the storage electrode line
1254 in a width direction of the storage electrode line 1254,
such that the lower transverse connection 19645 can be dis-
posed inside of the outer edge of the storage electrode line
125a. In some examples, the lower transverse connection
196/bof the second subpixel electrode 191/ may substantially
overlap the transverse portion 127a of the storage electrode
line 1254 in a width direction of the storage electrode line
125a, such that the lower transverse connection 196/b can be
disposed inside of the outer edge of the transverse portion
127a of the storage electrode line 125a. However, the upper
transverse connection 196/a and lower transverse connection
19645 of the first subpixel electrode 191/ and the lower
transverse connection 196/5 of the second subpixel electrode
191/ may partially overlap the storage electrode line 125a or
the transverse portion 127a of the storage electrode line 125a4.
[0133] The left and right longitudinal connections 1944 of
the first subpixel electrode 191/ may partially overlap the pair
of first longitudinal portions 1284 of the storage electrode line
1254, and the left and right longitudinal connections 194/ of
the second subpixel electrode 191/ may partially overlap the
pair of second longitudinal portions 1285 of the storage elec-
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trode line 1254. However, the left and right longitudinal con-
nections 194/ of the first subpixel electrode 191/ and the left
and right longitudinal connections 194/ of the second sub-
pixel electrode 191/ may substantially overlap the pair of first
longitudinal portions 128a and the pair of second longitudinal
portions 1285 of the storage electrode line 125¢ in a width
direction of the storage electrode line 125a.

[0134] The upper transverse connection 196/a of the sec-
ond subpixel electrode 191/ may substantially overlap the
down gate line 123 in a width direction of the down gate line
123, and thereby the upper transverse connection 196/a can
be disposed inside of the outer edge ofthe down gate line 123.
[0135] As described above, one of the upper transverse
connections 196/a and 196/a, the lower transverse connec-
tions 19626 and 196/b, and the left and right longitudinal
connections 194% and 194/ of the first and second subpixel
electrodes 191/ and 191/ at least may overlap the storage
electrode line 125q and the down gate line 123 can be formed,
and the width thereof may less than about 2.5 times that of the
each minute branches 199/ and 199/, such that texture may be
reduced at the edge region of the first and second subpixel
electrodes 191/ and 191/

[0136] Also, in the liquid crystal panel assembly shown in
FIG. 7 and FIG. 8, the pixel electrode 191 may further include
a transverse connection (not shown) and a longitudinal con-
nection (not shown) connecting the ends of the minute
branches 199 of the pixel electrode 191, and this transverse
connection or this longitudinal connection may partially or
completely overlap the gate line 121 or the storage electrode
line (not shown) transmitting the common voltage thereby
reducing the texture. Also, the width of the transverse con-
nection or the longitudinal connection may be less than about
2.5times of the width of the minute branches 199. The present
invention improves luminance of a liquid crystal display
including a field generating electrode of a plurality of minute
slits.

[0137] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

[0138] A liquid crystal display according to exemplary
embodiments of the present invention includes a first sub-
strate and a pixel electrode formed on the first substrate and
including a plurality of minute branches. The pixel electrode
may include a first region where an interval between neigh-
boring minute branches may be a first distance, a second
region where an interval between neighboring minute
branches may be a second distance that may larger than the
first distance, and a third region positioned between the first
region and the second region and having an interval between
neighboring minute branches that may gradually be changed.
[0139] A pitch of the minute branches of the first region
may be a first pitch, a pitch of the minute branches of the
second region may be a second pitch, and the first pitch may
be less than the second pitch.

[0140] A width of the minute branches in the first region,
the second region, and the third region may be uniform.
[0141] The width of the minute branches may be in a range
of 3.5 um to 4.5 um.

[0142] The first region may have a larger area than the
second region.
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[0143] The first region may occupy about 60-70% of an
area of the pixel electrode.

[0144] The third region may occupy about 15-25% of an
area of the pixel electrode.

[0145] The first distance may be in a range of 2.5 pmto 3.5
pm, and the second distance may be inarangeof3.5 umto4.5
pm.

[0146] The interval between the minute branches of the
third region may be gradually changed by 0.2 um to 0.3 pm.

[0147] The first distance may be in a range of 2.5 pm to 3.5
um, and the second distance may be inarangeof4.5 umto 5.5
pm.

[0148] The pixel electrode may be divided into a plurality

of subregions having the minute branches extending in dif-
ferent length directions, and each subregion may include the
first region, the second region, and the third region.

[0149] The pixel electrode may include a first subpixel
electrode and a second subpixel electrode that may be sepa-
rated from each other, and a voltage of the first subpixel
electrode and a voltage of the second subpixel electrode may
be different from each other.

[0150] Each of the first subpixel electrode and the second
subpixel electrode may include a plurality of minute
branches, and the second subpixel electrode may include the
first region, the second region, and the third region.

[0151] The first subpixel electrode and the second subpixel
electrode may receive different data voltages from each other
obtained from one image information.

[0152] A data line and a gate line formed on the first sub-
strate may by further included, wherein the first subpixel
electrode may be connected to the data line and the gate line
through the first switching element, the second subpixel elec-
trode may be connected to the data line and the gate line
through the second switching element, and the second sub-
pixel electrode may be connected to the down capacitor
through the third switching element.

[0153] A second substrate facing the first substrate, and a
common electrode applied with a common voltage on the
second substrate may be further included.

[0154] The pixel electrode may further include a connec-
tion connecting ends of the plurality of minute branches.
[0155] A widthoftheconnection may be less than about 2.5
times a width of the minute branches.

[0156] A dataline and a gate line may be formed on the first
substrate and connected to the pixel electrode through the
switching element may be further included, and at least a
portion of the connection may overlap at least a portion of the
gate line.

[0157] The portion of the connection overlapping the at
least a portion of the gate line may substantially overlap the at
least a portion of the gate line in a width direction of the gate
line.

[0158] A storage electrode line formed on the first sub-
strate, and transmitting a common voltage may be further
included, and at least a portion of the connection may overlap
at least a portion of the storage electrode line.

[0159] A color filter disposed on the first substrate may be
further comprised.

[0160] A light blocking member disposed on the first sub-
strate may be further comprised.

[0161] A second substrate facing the first substrate may be
further comprised, and a spacer for maintaining a gap
between the first substrate and the second substrate may be
further disposed on the first substrate.

Mar. 17,2011

[0162] According to exemplary embodiments of the
present invention, the region where the interval between the
minute branches may gradually be changed and may be dis-
posed between two regions having the different intervals
between the minute branches or the different widths of the
slits in the second subpixel electrode such that the texture may
be minimized, thereby increasing transmittance.

[0163] Also, in each subregion of the second subpixel elec-
trode, the area of the region where the interval between the
minute branches is narrow that may larger than that of the
region where the interval between the minute branches is
large such that the luminance may be improved.

[0164] Also, the width of the connection connecting the
ends of the minute branches may be defined in each pixel
electrode or subpixel electrode, and it may overlap the gate
line or the storage electrode line such that the texture may be
reduced.

[0165] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a substrate; and

a pixel electrode, comprising a plurality of minute
branches, formed on the substrate,

wherein the pixel electrode comprises a first region and a
second region in which a first distance and a second
distance are provided according to an interval formed
between the respective neighboring minute branches,
wherein the second distance is larger than the first dis-
tance, and a third region is provided between the first
region and the second region, and the position of the
third region having an interval between the neighboring
minute branches is gradually changed.

2. The liquid crystal display of claim 1, wherein the minute

branches comprises:

a pitch of the minute branches of the first region is a first
pitch, a pitch of the minute branches ofthe second region
is a second pitch, wherein the first pitch is less than the
second pitch.

3. The liquid crystal display of claim 2, wherein the minute

branches comprises:

an each width of the minute branches in the first region, the
second region, and the third region is arranged in a
uniform.

4. The liquid crystal display of claim 3, wherein

the width of the minute branches is in a range of approxi-
mately 3.5 um to approximately 4.5 pm.

5. The liquid crystal display of claim 1, wherein

the first region has a larger area than that of the second
region.

6. The liquid crystal display of claim 5, wherein

the first region occupies about 60-70% of an area of the
pixel electrode.

7. The liquid crystal display of claim 5, wherein

the third region occupies about 15-25% of an area of the
pixel electrode.

8. The liquid crystal display of claim 1, wherein

the third region occupies about 15-25% of an area of the
pixel electrode.
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9. The liquid crystal display of claim 1, wherein

the first distance is in a range of approximately 2.5 um to
approximately 3.5 um, and the second distance is in a
range of approximately 3.5 um to approximately 4.5 pm.

10. The liquid crystal display of claim 9, wherein

the interval between the minute branches of the third region
is gradually changed by approximately 0.2 um to
approximately 0.3 pm.

11. The liquid crystal display of claim 1, wherein

the first distance is in a range of approximately 2.5 um to
approximately 3.5 um, and the second distance is in a
range of approximately 4.5 um to approximately 5.5 pm.

12. The liquid crystal display of claim 11, wherein

the interval between the minute branches of the third region
is gradually changed by approximately 0.2 um to
approximately 0.3 pm.

13. The liquid crystal display of claim 1, wherein

awidth of the minute branches in a range of approximately
3.5 um to approximately 4.5 pm.

14. The liquid crystal display of claim 1, wherein

the pixel electrode is divided into a plurality of subregions
having minute branches extending in different length
directions, respectively, and each subregion comprises
the first region, the second region, and the third region.

15. The liquid crystal display of claim 1, wherein

the pixel electrode includes a first subpixel electrode and a
second subpixel electrode that are separated from each
other, and

avoltage value of the first subpixel electrode and a voltage
value of the second subpixel electrode are different from
each other.

16. The liquid crystal display of claim 15, wherein

each of the first subpixel electrode and the second subpixel
electrode comprises a plurality of minute branches, and

the second subpixel electrode comprises the first region,
the second region, and the third region.

17. The liquid crystal display of claim 15, wherein

the first subpixel electrode and the second subpixel elec-
trode receive different voltage data from each other
obtained from one image information.

18. The liquid crystal display of claim 15, further compris-

ing:

a data line and a gate line formed on the substrate,

wherein the first subpixel electrode is connected to the data
line and the gate line via a first switching element;

the second subpixel electrode provided to connect to the
data line and the gate line via a second switching ele-
ment; and

the second subpixel electrode provided to connect to a
down capacitor via a third switching element.

19. The liquid crystal display of claim 1, further compris-

ing:

an another substrate provided to face the substrate, and a
common electrode disposed on the another substrate, the
common electrode being applied with a common volt-
age.
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20. The liquid crystal display of claim 1, wherein
the pixel electrode comprises a connection connecting
ends of the plurality of minute branches.
21. The liquid crystal display of claim 20, wherein
awidth ofthe connection connecting ends is less than about
2.5 times of a width of the minute branches.
22. The liquid crystal display of claim 21, further compris-
ing:
a data line and a gate line formed on the substrate to
connect the pixel electrode via a switching element; and
at least a portion of the connection provided to overlap at
least a portion of the gate line.
23. The liquid crystal display of claim 22, wherein
the portion of the connection overlapping the at least a
portion of the gate line substantially overlaps a portion
of the gate line in a width direction of the gate line.
24. The liquid crystal display of claim 22, further compris-
ing:
a storage electrode line, formed on the substrate, to trans-
mit a common voltage; and
at least a portion of the connection provided to overlap at
least a portion of the storage electrode line.
25. The liquid crystal display of claim 20, further compris-
ing:
a data line and a gate line formed on the substrate to
connect the pixel electrode via a switching element; and
at least a portion of the connection provided to overlap at
least a portion of the gate line.
26. The liquid crystal display of claim 25, wherein
the portion of the connection overlapping the at least a
portion of the gate line substantially overlaps the at least
a portion of the gate line in a width direction of the gate
line.
27. The liquid crystal display of claim 25, further compris-
ing:
a storage electrode line, formed on the substrate, to trans-
mit a common voltage; and
at least a portion of the connection provided to overlap at
least a portion of the storage electrode line.
28. The liquid crystal display of claim 20, further compris-
ing:
a storage electrode line, formed on the substrate, to trans-
mit a common voltage; and
at least a portion of the connection provided to overlap at
least a portion of the storage electrode line.
29. The liquid crystal display of claim 1, further compris-
ing:
a color filter disposed on the substrate.
30. The liquid crystal display of claim 1, further compris-
ing:
a light blocking member disposed on the substrate.
31. The liquid crystal display of claim 1, further compris-
ing:
an another substrate provided to face the substrate; and
a spacer provided to maintain a gap between the substrate
and the another substrate disposed on the substrate.
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