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Description
BACKGROUND
(a) Technical Field

[0001] The presentdisclosure relates to a liquid crystal
display device.

(b) Discussion of the Related Art

[0002] A liquid crystal display device which is one of
the most common types of flat panel displays currently
in use, includes two sheets of display panels with field
generating electrodes such as a pixel electrode, a com-
mon electrode, and the like and a liquid crystal layer in-
terposed therebetween. The liquid crystal display device
applies an electric field in the liquid crystal layer by ap-
plying voltage to the field generating electrodes, and de-
termines the direction of liquid crystal molecules of the
liquid crystal layer by the applied electric field, thus con-
trolling polarization of incident light so as to display im-
ages.

[0003] Among the liquid crystal display devices, a ver-
tically aligned mode liquid crystal display device of which
liquid crystal molecules are aligned so that long axes
thereof are vertical to the display panel while the electric
field is not applied has been developed.

[0004] In the vertically aligned mode liquid crystal dis-
play device, the securing of a wide viewing angle is im-
portant, and for securing the wide viewing angle, a meth-
od of forming a cutout such as a minute slit at the field
generating electrode is used. Since cutouts and protru-
sions determine tilt directions of the liquid crystal mole-
cules, the tilt directions of the liquid crystal molecules are
dispersed in various directions by properly locating the
cutouts and the protrusions, thereby increasing the view-
ing angle.

[0005] US 2011/0222004 discloses a liquid crystal dis-
play with enhanced side view characteristics by providing
pixel electrodes having a slit pattern extending from a
cross shaped portion for each sub-pixel.

the case of a method of forming minute slits in the pixel
electrode so as to have a plurality of branch electrodes,
the response speed of the liquid crystal molecules is de-
creased due to a relationship with another liquid crystal
control force in addition to the minute slits of the liquid
crystal molecules, and as a result, there is a problem in
that the texture is displayed for a predetermined time.

SUMMARY

[0006] Exemplary embodiments of the present inven-
tion have been made to provide a liquid crystal display
device that reduces a texture occurring due to decrease
of response speed of liquid crystal molecules.

[0007] An exemplary embodiment of the present in-
vention provides a liquid crystal according to the subject-
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matter of claim 1.

[0008] The lower layer including the inclined portion
may be a color filter or a passivation layer including an
organic insulator.

[0009] The partial plate electrode may have arhombus
shape, the inclined portion may have a rhombus shape,
and the rhombus shape of the inclined portion may be
larger than the rhombus shape of the partial plate elec-
trode.

[0010] The liquid crystal display device may further in-
clude an extension extending from the partial plate elec-
trode in a vertical or horizontal direction, in which the
plurality of minute branch electrodes may protrude even
in the extension.

[0011] The longest electrode of the minute branch
electrodes may have a length of between 50 pm and 68
pm.

[0012] Thelengthofthe longestelectrode of the minute

branch electrodes may have a value of between 25%
and 35% of an oblique length of a region occupied by the
pixel electrode.

[0013] Anoverlapped length of the inclined portion and
the minute branch electrode may have a value of between
0% and 10% of the oblique length.

[0014] The common electrode may be constituted by
a cutout or a protrusion and may have a liquid crystal
control means having a cross structure.

[0015] A cross point of the cross structure of the liquid
crystal control means may coincide with the center of the
partial plate electrode or the inclined portion.

[0016] The common electrode may further include an
additional liquid crystal control means constituted by a
cutout or a protrusion.

[0017] The additional liquid crystal control means may
be a rhombus cutout pattern or a rhombus protrusion
pattern that is positioned at the cross point portion of the
cross structure.

[0018] The liquid crystal control means may include a
disconnected portion in the middle of the cross structure.
[0019] The additional liquid crystal control means may
be an X-shaped pattern that is positioned at the cross
point portion of the cross structure.

[0020] The liquid crystal control means may include a
disconnected portion in the middle of the cross structure.
[0021] Endsofthe plurality of minute branch electrodes
may not be connected to each otherto protrude outwards.
[0022] The inclined portion may have an inclination
throughout the entire region.

[0023] Theinclined portion may have an inclination on-
ly in a partial region.

[0024] The pixel electrode may include a first subpixel
electrode and a second subpixel electrode, and the first
subpixel electrode and the second subpixel electrode
may include the partial plate electrode and the plurality
of minute branch electrodes, respectively.

[0025] The first subpixel electrode may be formed in a
square region, and the second subpixel electrode may
be formed in a rectangular region.
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[0026] The second subpixel electrode may include a
total of two partial plate electrodes.

[0027] The rectangular region may be divided into two
square regions, and the two partial plate electrodes may
be formed in the two square regions, respectively.
[0028] The second subpixel electrode may include a
total of one partial plate electrode.

[0029] The liquid crystal display device may further in-
clude an alignment layer aligning liquid crystal molecules
of the liquid crystal layer, in which the liquid crystal layer
or the alignment layer may include a pretilt providing pol-
ymer polymerized by light such as ultraviolet light.
[0030] An exemplary embodiment of the present in-
vention also provides a liquid crystal display device that
includes: a lower panel including a lower substrate, a
pixel electrode that is formed on the lower substrate and
includes a partial plate electrode and a plurality of minute
branch electrodes extending from the partial plate elec-
trode, and a lower layer that is formed on the lower sub-
strate and below the pixel electrode and includes an in-
clined portion; an upper panel including an upper sub-
strate facing the lower substrate and acommon electrode
formed on the upper substrate, in which the common
electrode has a liquid crystal control means that is con-
stituted by a cutout or a protrusion and has a cross struc-
ture; and a liquid crystal layer positioned between the
lower panel and the upper panel, in which ends of the
plurality of minute branch electrodes are not connected
to each other to protrude outwards.

[0031] A partofthe inclined portion may be overlapped
with a part of the minute branch electrode.

[0032] A cross point of the cross structure of the liquid
crystal control means may coincide with the center of the
partial plate electrode or the inclined portion.

[0033] The common electrode may further include an
additional liquid crystal control means constituted by a
cutout or a protrusion.

[0034] The additional liquid crystal control means may
be a rhombus cutout pattern or a rhombus protrusion
pattern that is positioned at the cross point portion of the
cross structure.

[0035] The liquid crystal control means may include a
disconnected portion in the middle of the cross structure.
[0036] The additional liquid crystal control means may
be an X-shaped pattern that is positioned at the cross
point portion of the cross structure.

[0037] The liquid crystal control means may include a
disconnected portion in the middle of the cross structure.
[0038] The inclined portion may have an inclination
throughout the entire region.

[0039] Theinclined portion may have an inclination on-
ly in a partial region.

[0040] The lower layer including the inclined portion
may be a color filter or a passivation layer including an
organic insulator.

[0041] The partial plate electrode may have arhombus
shape, the inclined portion may have a rhombus shape,
and the rhombus shape of the inclined portion may be
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larger than the rhombus shape of the partial plate elec-
trode.

[0042] The liquid crystal display device may further in-
clude an extension extending from the partial plate elec-
trode in a vertical or horizontal direction, in which the
plurality of minute branch electrodes may protrude even
in the extension.

[0043] The pixel electrode may include a first subpixel
electrode and a second subpixel electrode, and the first
subpixel electrode and the second subpixel electrode
may include the partial plate electrode and the plurality
of minute branch electrodes, respectively.

[0044] The first subpixel electrode may be formed in a
square region, and the second subpixel electrode may
be formed in a rectangular region.

[0045] The second subpixel electrode may include a
total of two partial plate electrodes.

[0046] The rectangular region may be divided into two
square regions, and the two partial plate electrodes may
be formed in the two square regions, respectively.
[0047] The second subpixel electrode may include a
total of one partial plate electrode.

[0048] The liquid crystal display device may further in-
clude an alignment layer aligning liquid crystal molecules
of the liquid crystal layer, in which the liquid crystal layer
or the alignment layer may include a pretilt providing pol-
ymer polymerized by light such as ultraviolet light.
[0049] An exemplary embodiment of the present in-
vention further provides a liquid crystal control apparatus
for a liquid crystal display device having a lower panel
and an upper panel substantially parallel to each other
with a liquid crystal layer positioned between the upper
panel and the lower panel. The liquid crystal control ap-
paratus includes: a color filter between the liquid crystal
layer and the lower panel and having an inclined color
filter portion oblique to the upper and lower panels; a
plate electrode layered on the inclined color filter portion;
a plurality of branch electrodes extending away from an
edge of the plate electrode proximal to the upper panel
in a direction substantially parallel to the upper and lower
panels, ends ofthe branch electrodes distal from the plate
electrode not being connected to each other, and ends
of the branch electrodes proximal to the plate electrode
overlapping an edge of the inclined color filter portion.
[0050] The liquid crystal control apparatus may further
include a common electrode between a substrate of the
upper panel and the liquid crystal layer, the common elec-
trode having cutouts and/or protrusions located above
the inclined color filter portion.

[0051] Accordingtothe exemplary embodiments of the
present invention, by forming a partial plate electrode
together with a minute patternin a pixel electrode, a view-
ing angle and side visibility of a liquid crystal display de-
vice is widened and a response speed is increased, and
a control force of liquid crystal molecules is improved by
forming a step providing means and a minute pattern
which are positioned on a lower layer so as to be over-
lapped with each other at a predetermined section and
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thus the response speed of the liquid crystal molecules
isimproved, and as aresult, a texture is reduced. Further,
the response speed of the liquid crystal molecules is im-
proved by additionally using a structure for improving the
control force of liquid crystal molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

FIG. 1 is a layout view of a liquid crystal display de-
vice according to an exemplary embodiment of the
present invention.

FIG. 2 is a cross-sectional view taken along line Il-
Il of FIG. 1.

FIG. 3 is an equivalent circuit diagram of one pixel
of the liquid crystal display device of FIG. 1.

FIG. 4 is a layout view separately illustrating only a
color filter, a pixel electrode, and a common elec-
trode of the liquid crystal display device of FIG. 1.
FIG. 5is adiagramiillustrating an experimental result
using an Example embodiment of the presentinven-
tion.

FIGs. 6 to 9 are diagrams illustrating experimental
results in which an Example embodiment of the
present invention and a Comparative Example em-
bodiment of the present invention are compared.
FIGs. 10 to 17 are diagrams illustrating textures ac-
cording to an exemplary embodiment of the present
invention.

FIGs. 18 to 24 are diagrams illustrating pixel struc-
tures and textures depending thereon according to
another exemplary embodiment of the present in-
vention.

FIGs. 25 to 32 are circuit diagrams and layout views
illustrating a liquid crystal display device according
to another exemplary embodiment of the present in-
vention.

FIG. 33 is a cross-sectional view of the liquid crystal
display device according to another exemplary em-
bodiment of the present invention.

FIG. 34 is a diagram illustrating a process through
which liquid crystal molecules have pretilts by using
prepolymers polymerized by light such as ultraviolet
light.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0053] Exemplary embodiments of the present inven-
tion will be described more fully hereinafter with reference
to the accompanying drawings. As those skilled in the
art would realize, the described embodiments may be
modified in various different ways, all without departing
from the spirit or scope of the present invention.

[0054] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like
reference numerals designate like elements throughout
the specification. It will be understood that when an ele-
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ment such as a layer, film, region, or substrate is referred
to as being "on" another element, 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 inter-
vening elements present.

[0055] Hereinafter, a liquid crystal display device ac-
cording to an exemplary embodiment of the present in-
vention will be described in detail with reference to FIGs.
1to 3.

[0056] FIG. 1is alayout view of a liquid crystal display
device according to an exemplary embodiment of the
present invention, FIG. 2 is a cross-sectional view taken
alongline lI-11 of FIG. 1, and FIG. 3 is an equivalent circuit
diagram of one pixel of the liquid crystal display device
of FIG. 1.

[0057] Referring to FIGs. 1 and 2, a liquid crystal dis-
play device according to the exemplary embodiment in-
cludes a lower panel 100 and an upper panel 200 facing
each other, a liquid crystal layer 3 interposed between
the two panels 100, 200, and a pair of polarizers (not
illustrated) attached to outer sides of the panels 100, 200.
[0058] First, the lower panel 100 will be described.
[0059] A plurality of gate conductors including a plu-
rality of gate lines 121, a plurality of step-down gate lines
123, and a plurality of storage electrode lines 131 is
formed on an insulation substrate 110.

[0060] The gate line 121 and the step-down gate line
123 mainly extend in a horizontal direction to transfer
gate signals. The gate line 121 includes a first gate elec-
trode 124h and a second gate electrode 124l protruding
upwards and downwards. The step-down gate line 123
includes a third gate electrode 124c protruding upwards.
In the exemplary embodiment of FIG. 1, the first gate
electrode 124h and the second gate electrode 124l are
connected to each other to form one protrusion.

[0061] The storage electrode line 131 also mainly ex-
tends in a horizontal direction to transfer a predetermined
voltage such as common voltage Vcom. The storage
electrode line 131 includes storage electrodes 135a,
135b, 135c, and includes a capacitor electrode 134 ex-
panded downwards. The storage electrode line 131 in-
cludes two first vertical storage electrode parts 135a ex-
tending upwards, a horizontal storage electrode part
135b connecting the two first vertical storage electrode
parts 135a, and two second vertical storage electrode
parts 135c extending upwards from the horizontal stor-
age electrode part 135b.

[0062] The first vertical storage electrode part 135a is
formed along a vertical edge of afirst pixel electrode 191h
formed at the upper portion, and the second vertical stor-
age electrode part 135c is formed along a vertical edge
of a second subpixel electrode 1911. The horizontal stor-
age electrode part 135b is positioned between a horizon-
tal edge of the previous second subpixel electrode 1911
and a horizontal edge of the current first pixel electrode
191h and formed along the two horizontal edges.
[0063] As a result, the first vertical storage electrode
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part 135a and the horizontal storage electrode part 135b
are formed along an edge of the first pixel electrode 191h
to be at least partially overlapped with the first pixel elec-
trode 191h, and the second vertical storage electrode
part 135c and the horizontal storage electrode part 135b
are formed along the edge of the second subpixel elec-
trode 1911 to be at least partially overlapped with the
second subpixel electrode 1911.

[0064] FIG. 1 illustrates as if the horizontal storage
electrode part 135b positioned at the upper portion and
the horizontal storage electrode part 135b positioned at
the lower portion are separated from each other, but ac-
tually, the horizontal storage electrode parts 135b formed
at upper and lower pixels PX which are adjacent to each
other are electrically connected with each other.

[0065] A gateinsulatinglayer 140 is formed on the gate
conductor 121,123,131.

[0066] A plurality of semiconductors made of amor-
phous or crystalline silicon or the like is formed on the
gate insulating layer 140. The semiconductors mainly ex-
tend in a vertical direction, and include first and second
semiconductors 154h, 1541 extending toward the first
and second gate electrodes 124h, 1241 and connected
with each other, and a third semiconductor 154c¢ con-
nected with the second semiconductor 1541. The third
semiconductor 154c extends to form a fourth semicon-
ductor 157.

[0067] A plurality of ohmic contacts (not illustrated) is
formed on the semiconductors 154h, 1541,154c, a first
ohmic contact (not illustrated) is formed on the first sem-
iconductor 154h, and a second ohmic contact 164b and
a third ohmic contact (not illustrated) are formed on the
second semiconductor 1541 and the third semiconductor
154c, respectively.

The third ohmic contact extends to form a fourth ohmic
contact 167.

[0068] Data conductors including a plurality of data
lines 171, a plurality of first drain electrodes 175h, a plu-
rality of second drain electrodes 175I, and a plurality of
third drain electrodes 175c are formed on the ohmic con-
tacts 164b, 167.

[0069] The data lines 171 transfer data signals and
mainly extend in a vertical direction to cross the gate lines
121 and the step-down gate lines 123. Each data line
171 extends toward the first gate electrode 124h and the
second gate electrode 124l and includes a first source
electrode 173h and a second source electrode 173l
which are connected with each other.

[0070] Afirstdrain electrode 175h, asecond drain elec-
trode 175l, and a third drain electrode 175c¢ include one
wide end portion and a rod-shaped end portion, respec-
tively. The rod-shaped end portions of the first drain elec-
trode 175h and the second drain electrode 175l are par-
tially surrounded by the first source electrode 173h and
the second source electrode 173Il. One wide end portion
of the second drain electrode 175l extends to form a third
source electrode 173c thatis bentin a’U’-lettered shape.
A wide end portion 177c¢ of the third drain electrode 175¢
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is overlapped with the capacitor electrode 134 to form a
step-down capacitor Cstd, and the rod-shaped end por-
tion is partially surrounded by the third source electrode
173c.

[0071] The first, second, third gate electrodes 124h,
1241, 124c, the first, second, third source electrodes
173h, 173l, 173c, and the first, second, third drain elec-
trodes 175h, 175, 175c form first, second, third thin film
transistors (TFTs) Qh, Ql, Qc together with the first, sec-
ond, third semiconductors 154h, 1541, 154c, respectively,
and channels of the thin film transistors are formed in the
respective semiconductors 154h, 1541, 154c between the
respective source electrodes 173h, 173I, 173c and the
respective drain electrodes 175h, 1751,175c.

[0072] The semiconductors 154h, 1541, 154c have
substantially the same plane shape as the data conduc-
tors 171, 175h, 1751, 175¢c and the ohmic contacts 164b,
167 therebelow, except for channel regions between the
source electrodes 173h, 173l, 173c and the drain elec-
trodes 175h, 175I, 175c¢. That is, exposed portions which
are not covered by the data conductors 171,175h,
1751,175cin addition to a space between the source elec-
trodes 173h, 173l, 173c and the drain electrodes 175h,
1751, 175c are present at the semiconductors 154h,
1541,154c.

[0073] A lower passivation layer 180p made of an in-
organic insulator such as silicon nitride or silicon oxide
is formed on the data conductors 171, 175h, 175, 175¢c
and the exposed portions of the semiconductors 154h,
1541, 154c.

[0074] A color filter 230 is positioned on the lower pas-
sivation layer 180p. The color filter 230 is elongated in a
vertical direction along a space between the adjacent
data lines 171 and has inclined portions 235h, 235l of
which heights are changed in a partial region of a portion
of the color filter 230 overlapped with the first and second
subpixel electrodes 191h, 191l. The inclined portions
235h, 2351 have rhombus structures as illustrated in FIG.
1. The rhombus structure of the first inclined portion 235h
is formed so that a vertex is in contact with a boundary
of a square region occupied by a first partial plate elec-
trode 192h. Further, the rhombus structure of the second
inclined portion 235l is formed one by one in two square
regions by dividing a rectangular region occupied by the
second partial plate electrode 192I into two square re-
gions, and the rhombus structure of one second inclined
portion 235l is formed so that a vertex is in contact with
a boundary of the corresponding square region. Howev-
er, according to an exemplary embodiment, the boundary
of the corresponding region and the vertex may be
spaced apart from each other at a predetermined dis-
tance. Further, according to an exemplary embodiment,
the region in which the rhombus structure is positioned
may have a rectangular region. The inclined portions
235h, 2351 have structures in which heights are gradually
decreased toward the center from a side of the rhombus
structure. The inclined portions 235h, 235I have struc-
tures (see FIG. 2) in which heights are decreased at a



9 EP 2 743 759 B1 10

predetermined slope from one side to the center, and as
the heights are decreased, the widths are decreased. A
colorfilter may not be formed at the centers of the inclined
portions 235h, 235l having the rhombus structure, and
according to an exemplary embodiment, an opening in
which the color filter is not formed may be disposed in a
predetermined region near the center. Each color filter
230 may display one of primary colors such as three pri-
mary colors of red, green and blue, and each color filter
230 may be overlapped with each other on the data line
171.

[0075] An upper passivation layer 180q is formed on
the color filter 230. The upper passivation layer 180q may
prevent the color filter 230 from being lifted and prevent
defects such as an afterimage which may be caused
when a screen is driven by suppressing contamination
of the liquid crystal layer 3 by an organic material such
as a solvent flowing into from the color filter 230, and may
be made of an inorganic insulator such as silicon nitride
or silicon oxide or an organic material.

[0076] A plurality of first contact holes 184h and a plu-
rality of second contact holes 1841 which expose the wide
end portion of the first drain electrode 175h and the wide
end portion of the second drain electrode 175I, respec-
tively are formed in the lower passivation layer 180p, the
color filter 230, and the upper passivation layer 180q.
[0077] A plurality of pixel electrodes 191 is formed on
the upper passivation layer 180q. The pixel electrode 191
includes the first subpixel electrode 191h and the second
subpixel electrode 1911 which are separated from each
other with two gate lines 121 and 123 therebetween to
be disposed above and below a pixel area and adjacent
to each other in a column direction.

[0078] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l include partial plate elec-
trodes 192h, 192l positioned at the centers thereof, ex-
tensions 194h, 1941 extending from the partial plate elec-
trodes 192h, 192l in a vertical or horizontal direction, and
a plurality of minute branch electrodes 193h, 193l pro-
truding from the partial plate electrodes 192h, 192I and
the extensions 194h, 194lin an oblique direction, respec-
tively.

[0079] The first subpixel electrode 191h includes the
first partial plate electrode 192h, the first extension 194h,
and a plurality of first minute branch electrodes 193h
which are positioned in the square region, and is con-
nected with the wide end portion of the first drain elec-
trode 175h by a first connecting portion 197h extended
outside the square region.

[0080] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned at the cent-
er of the square region, and each vertex of the rhombus
shape is formed at a predetermined distance from a
boundary of the square region. Further, the first partial
plate electrode 192h covers a part from the center of the
first inclined portion 235h of the color filter 230. As a re-
sult, the first partial plate electrode 192h has an inclina-
tion provided by the firstinclined portion 235h of the color
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filter 230 as it is. (see FIG. 2)

[0081] The first subpixel electrode 191h has a first ex-
tension 194h extended in a vertical or horizontal direction
from each vertex of the rhombus shape of the first partial
plate electrode 192h (in a parallel or vertical direction to
the gate line 121 or the data line 171). The first extension
194h extends in the vertical or horizontal direction to meet
a boundary of the square region occupied by the first
subpixel electrode 191h. As a result, the first extension
194h meets the vertex of the rhombus structure of the
first inclined portion 235h of the color filter 230 on the
plan view so as to be vertically overlapped with each
other.

[0082] The plurality of first minute branch electrodes
193h extend from an oblique side of the first partial plate
electrode 192h and the first extension 194h. The plurality
of first minute branch electrodes 193h fills the rest of the
square region, forms an angle of 45 degrees with the first
extension 194h (or the gate line 121 or the data line 171),
and forms an angle of 90 degrees with the oblique side
of the first partial plate electrode 192h. Further, ends of
the first minute branch electrodes 193h are not connect-
ed to each other to have a structure protruding outwards.
However, if the ends of the first minute branch electrodes
193h are connected to each other to be closed, directions
of liquid crystal molecules of the liquid crystal layer 3 to
be aligned by an electricfield are different from directions
of the liquid crystal molecules to be aligned by the closed
ends, and as a result, a response speed of the liquid
crystal molecules may be delayed. Therefore, in the ex-
emplary embodiment of the present invention, the ends
of the first minute branch electrodes 193h are not con-
nected to each other but protrude outwards to have a
structure in which opening regions between the first
minute branch electrodes 193h are opened. As a result,
the liquid crystal molecules may be aligned in the direc-
tions to be aligned by the electric field without other re-
sistance, and as aresult, the response speed of the liquid
crystal molecules is improved and textures are de-
creased.

[0083] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 235h of the color filter 230 to be over-
lapped with the firstinclined portion 235h of the color filter
230 in the plurality of first minute branch electrodes 193h.
That s, the connecting terminal of the first minute branch
electrode 193his overlapped with the firstinclined portion
235h of the color filter 230 by a predetermined distance.
Therefore, the vicinity of the connecting terminal of the
first minute branch electrode 193h has the inclination pro-
vided by the first inclined portion 235h of the color filter
230 as it is, and a flat structure is formed up to the end
from the vicinity of the connecting terminal (see FIG. 2).
The end portion of the first minute branch electrode 193h
and the first inclined portion 235h of the color filter 230
overlap each other and thus a liquid crystal control force
of the corresponding portion is further increased, and as
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a result, the liquid crystal molecules may rapidly operate
by the electric field. As a result, the response speed of
the liquid crystal molecules is improved. However, when
alength of the first minute branch electrode 193his overly
increased and thus an overlapped distance is too large,
atexture due to a slit structure may occur, and as aresult,
the overlapped distance needs to be set at a predeter-
mined level or less. In the exemplary embodiment, the
longest electrode of the first minute branch electrodes
193h may have a length of more than 50 pm and 68 pum
or less, and a size of the pixel is determined according
to a characteristic of the display device. When a size of
the square region is determined according to the size of
the pixel, the length of the longest electrode of the first
minute branch electrodes 193h may be selected and
used within the range of more than 50 pm and 68 pm or
less. However, according to an exemplary embodiment,
an exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the first
minute branch electrodes 193h may have a value of be-
tween 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the first minute branch electrodes 193h thatis overlapped
with the first inclined portion 235h may have a value of
between 0% and 10% of the oblique length of the entire
square region. This will be described with reference to
FIGs. 10 to 17 to be described below.

[0084] A vertically long rectangular region occupied by
the second subpixel electrode 191l is divided into two
square regions and structures of the first subpixel elec-
trode 191h are formed in the two square regions, respec-
tively to form the second subpixel electrode 1911.
[0085] That is, the second subpixel electrode 191l
formed in one of square regions acquired by dividing the
vertically long rectangular region occupied by the second
subpixel electrode 1911 has the following characteristics.
[0086] The second subpixel electrode 191l includes a
second partial plate electrode 192, a second extension
1941, and a plurality of second minute branch electrodes
193l which are positioned in the two-divided square re-
gions.

[0087] The second partial plate electrode 192| has a
rhombus shape, a center thereofis positioned atthe cent-
er of the square region, and each vertex of the rhombus
shape is formed at a predetermined distance from a
boundary of the square region. Further, the second par-
tial plate electrode 192l covers a part from the center of
the second inclined portion 2351 of the color filter 230.
As a result, the second partial plate electrode 192| has
an inclination provided by the second inclined portion
2351 of the color filter 230 as it is.

[0088] The second subpixel electrode 1911 has a sec-
ond extension 194| extended in a vertical or horizontal
direction from each vertex of the rhombus shape of the
second partial plate electrode 192l (in a parallel or vertical
direction to the gate line 121 or the data line 171). The
second extension 1941 extends in the vertical or hori-
zontal direction to meet a boundary of the two-divided
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square regions. As a result, the second extension 1941
meets the vertex of the rhombus structure of the second
inclined portion 2351 of the color filter 230 on the plan
view so as to be vertically overlapped with each other.
[0089] The plurality of second minute branch elec-
trodes 193l extends from an oblique side of the second
partial plate electrode 192l and the second extension
194l. The plurality of second minute branch electrodes
193l fills the rest of the square region, forms an angle of
45 degrees with the second extension 194l (or the gate
line 121 or the data line 171), and forms an angle of 90
degrees with the oblique side of the second partial plate
electrode 192l. Further, ends of the second minute
branch electrodes 1931 are not connected to each other
to have a structure protruding outwards. However, if the
ends of the second minute branch electrodes 193l are
connected to each other to be closed, directions of liquid
crystal molecules of the liquid crystal layer 3 to be aligned
by an electric field are different from directions of the
liquid crystal molecules to be aligned by the closed ends,
and as a result, a response speed of the liquid crystal
molecules may be delayed. Therefore, in the exemplary
embodiment of the present invention, the ends of the
second minute branch electrodes 193l are not connected
to each other but protrude outwards to have a structure
in which opening regions between the second minute
branch electrodes 193l are opened. As aresult, the liquid
crystal molecules may be aligned in the directions to be
aligned by the electric field without other resistance, and
as a result, the response speed of the liquid crystal mol-
ecules is improved and textures are decreased.

[0090] Further, a connecting terminal connected with
the oblique side of the second partial plate electrode 1921
and the second extension 194l is positioned above the
second inclined portion 2351 of the color filter 230 to be
overlapped with the second inclined portion 235l of the
color filter 230 in the plurality of second minute branch
electrodes 193l. That is, the connecting terminal of the
second minute branch electrode 193l is overlapped with
the second inclined portion 235l of the color filter 230 by
a predetermined distance. Therefore, the vicinity of the
connecting terminal of the second minute branch elec-
trode 193l has the inclination provided by the second
inclined portion 2351 of the color filter 230 as itis, and a
flat structure is formed up to the end from the vicinity of
the connecting terminal. The end portion of the second
minute branch electrodes 193l and the second inclined
portion 235l of the color filter 230 overlap each other and
thus a liquid crystal control force of the corresponding
portion is further increased, and as a result, the liquid
crystal molecules may rapidly operate by the electric
field. As a result, the response speed of the liquid crystal
molecules is improved. However, when a length of the
second minute branch electrodes 193l is overly in-
creased and thus an overlapped distance is too large, a
texture due to a slit structure may occur, and as a result,
the overlapped distance needs to be set at a predeter-
mined level or less. In the exemplary embodiment, the



13 EP 2 743 759 B1 14

longest electrode of the second minute branch electrodes
1931 may have a length of more than 50 um and 68 pm
or less, and a size of the pixel is determined according
to a characteristic of the display device. When a size of
the square region is determined according to the size of
the pixel, the length of the longest electrode of the second
minute branch electrodes 1931 may be selected and used
within the range of more than 50 pm and 68 pum or less.
However, according to an exemplary embodiment, an
exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the sec-
ond minute branch electrodes 193 may have a value of
between 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the second minute branch electrodes 193l that is over-
lapped with the second inclined portion 2351 may have
a value of between 0% and 10% of the oblique length of
the entire square region. This will be described with ref-
erence to FIGs. 10 to 17 to be described below.

[0091] The second extensions 1941 which are adjacent
to each other in a vertical direction among the second
extensions 194| positioned in two vertically adjacent
square regions are connected to each other. Further, the
electrodes adjacent to each other among the plurality of
second minute branch electrodes 193I may also be con-
nected to each other. According to an exemplary embod-
iment, the second minute branch electrodes 193l are not
directly connected to each other and may be connected
to each other through a horizontal connection structure
disposed therebetween.

[0092] Further, the square region positioned at the up-
per portion is connected with the wide end portion of the
second drain electrode 175l by a second connecting por-
tion 1971 extended outside the square region.

[0093] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l receive data voltage from
the first drain electrode 175h and the second drain elec-
trode 175l through the first contact hole 184h and the
second contact hole 1841, respectively. The first subpixel
electrode 191h and the second subpixel electrode 191l
to which the data voltage is applied generate an electric
field together with a common electrode 270 of the upper
panel 200 to determine directions of the liquid crystal
molecules of the liquid crystal layer 3 between two elec-
trodes 191, 270. Luminance of light passing through the
liquid crystal layer 3 varies depending on the determined
directions of the liquid crystal molecules.

[0094] The first subpixel electrode 191h and the com-
mon electrode 270 form a first liquid crystal capacitor
Clch together with the liquid crystal layer 3 therebetween,
and the second subpixel electrode 1911 and the common
electrode 270 form a second liquid crystal capacitor Cicl
together with the liquid crystal layer 3 therebetween. As
a result, even after the first and second thin film transis-
tors Qh, QI are turned off, the applied voltage is main-
tained.

[0095] The first and second subpixel electrodes 191h,
1911 are overlapped with the storage electrode line 131
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in addition to the storage electrode 135 to form the first
and second storage capacitors Csth, Cstl, and the first
and second storage capacitors Csth, Cstl reinforce a volt-
age maintaining capacity of the first and second liquid
crystal capacitors Clch, Clcl, respectively.

[0096] The capacitor electrode 134 and an expansion
177c of the third drain electrode 175c overlap each other
with the gate insulating layer 140, the semiconductor lay-
er, and ohmic contacts 157, 167 interposed therebe-
tween to form the step-down capacitor Cstd. In another
exemplary embodiment of the present invention, the
semiconductor layer and the ohmic contacts 157, 167
disposed between the capacitor electrode 134 and the
expansion 177c of the third drain electrode 175¢c which
form the step-down capacitor Cstd may be removed.
[0097] A lower alignment layer (not illustrated) is
formed on the pixel electrode 191 and the exposed upper
passivation layer 180q. The lower alignment layer may
be a vertical alignment layer and may be an alignment
layer containing a photoreaction material.

[0098] Next, the upper panel 200 will be described.
[0099] Alightblockingmember220is positioned below
an insulation substrate 210. The light blocking member
220 is called a black matrix and blocks light leakage. The
light blocking member 220 extends along the gate line
121 and the step-down gate line 123 to be expanded
upwards and downwards, covers a region in which the
first thin film transistor Qh, the second thin film transistor
Ql, and the third thin film transistor Qc are positioned and
extends along the dataline 171, and covers the periphery
of the data line 171. A region that is not covered by the
light blocking member 220 becomes a region which dis-
plays an image by emitting light outside.

[0100] A planarization layer 250 made of an organic
material and providing a planarized lower surface is
formed below the light blocking member 220. In the ex-
emplary embodiment of FIG. 2, the light blocking member
220 is formed at the upper panel 200, but according to
an exemplary embodiment, the light blocking member
220 may be formed at the lower panel 100.

[0101] The common electrode 270 made of a trans-
parent conductive material is formed on the lower surface
of the planarization layer 250. Cutouts 275h, 275| as a
liquid crystal control means are formed in a cross shape
at the common electrode 270. A cross point in the cross
structure of the first cutout 275h is overlapped with the
center of the rhombus shape of the first partial plate elec-
trode 192h of the lower panel 100 or the center of the
rhombus shape of the first inclined portion 235h of the
color filter 230. Further, two cross structures of the sec-
ond cutout 275| are formed up and down, and is over-
lapped with the centers of the rhombus shapes of the two
second partial plate electrodes 192l of the lower panel
100 or the centers of the rhombus shapes of the two
second inclined portions 235l of the color filter 230, re-
spectively. Further, the cutouts 275h, 275I positioned at
the adjacent pixels extend to be connected with each
other. The cutouts 275h, 275| serve toimprove the control
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force of the liquid crystal molecules.

[0102] Further, an additional liquid crystal control
means is positioned near the cross point of the cross
structures of the cutouts 275h, 275l in the common elec-
trode 270. In the exemplary embodiment of FIG. 1, rhom-
bus cutout patterns 276h, 276l are formed as an addi-
tional liquid crystal control means. The rhombus cutout
patterns 276h, 2761 have sides which are parallel to the
rhombus shapes of the partial plate electrodes 192h, 192
of the lower panel 100 or the rhombus shapes of the
inclined portions 235h, 235l of the color filter 230 on the
plan view. The sizes of the rhombus cutout patterns 276h
and 276l may be various according to an exemplary em-
bodiment. If the sizes are too small, a role as the liquid
crystal control means is slight, and, if the sizes are too
large, transmittance deteriorates, and as a result, the
rhombus cutout patterns 276h, 2761 may be formed with
appropriate sizes according to an exemplary embodi-
ment. According to the rhombus cutout patterns 276h,
276l which are the additional liquid crystal control means,
the cutouts 275h, 275l positioned at the common elec-
trode 270 extend only in the vertical or horizontal direc-
tion, and as a result, the liquid crystal control force of a
direction of 45 degrees with the direction deteriorates.
Accordingly, the liquid crystal control force of the direction
of 45 degrees is improved by forming an additional rhom-
bus-shaped liquid crystal control means (rhombus cutout
patterns 276h, 276l), and as a result, the liquid crystal
molecules are rapidly aligned by the electric field and
thus the response speed is improved.

[0103] An upper alignment layer (not illustrated) is
formed below the common electrode 270, the cutouts
275h, 275I, and the rhombus cutout patterns 276h, 276l.
The upper alignment layer may be a vertical alignment
layer and may be an alignment layer photo-aligned by
using a photopolymerization material.

[0104] Polarizers (notillustrated) are provided on outer
sides of the two panels 100, 200, and transmissive axes
of the two polarizers are perpendicular to each other and
one transmissive axis thereof may be parallel to the gate
line 121. However, the polarizer may be disposed only
on an outer side of any one of the two panels 100, 200.
[0105] Theliquid crystal layer 3 has negative dielectric
anisotropy, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned so that long axes thereof are
vertical to the surfaces of the two panels 100, 200 while
an electric field is not applied. Accordingly, incident light
does not pass through an orthogonal polarizer but is
blocked while the electric field is not applied.

[0106] A polymer polymerized by light such as ultravi-
olet light is not included in the liquid crystal layer 3 ac-
cording to the exemplary embodiment of FIG. 1. Howev-
er, according to an exemplary embodiment, a polymer
polymerized by light such as ultraviolet light may be fur-
ther included. That is, the liquid crystal layer 3 may not
include a polymer in the case where an alignment direc-
tion is sufficiently controlled without the polymer provid-
ing a pretilt angle. According to an exemplary embodi-
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ment, the polymer polymerized by light such as ultraviolet
light may be included in the alignment layer formed on
the upper panel 200 and the lower panel 100, and the
polymer may be included by a method as illustrated in
FIG. 34. In this case, the polymer may not be included
in the liquid crystal layer 3. This will be described with
reference to FIG. 34.

[0107] Asdescribed above, the first subpixel electrode
191h and the second subpixel electrode 1911 to which
the data voltage is applied generate an electric field to-
gether with a common electrode 270 of the upper panel
200, and as a result, the liquid crystal molecules of the
liquid crystal layer 3 which are aligned so as to be vertical
to the surfaces of the two electrodes 191, 270 while the
electric field is not applied are inclined in a horizontal
direction to the surfaces of the two electrodes 191, 270
and luminance of light passing through the liquid crystal
layer 3 varies depending on an inclined degree of the
liquid crystal molecules.

[0108] The liquid crystal display device may further in-
clude a spacer (not illustrated) for maintaining a cell gap
between two panels 100, 200, and the spacer is attached
to the upper panel 200 to be positioned below the com-
mon electrode 270.

[0109] Inthe exemplary embodiment of FIG. 1, the lig-
uid crystal display device includes the upper passivation
layer 1809 and the lower passivation layer 180p. That is,
the upper passivation layer 180q and the lower passiva-
tion layer 180p are formed above and below the color
filter 230, and according to an exemplary embodiment,
both the upper passivation layer 180q and the lower pas-
sivation layer 180p may be removed, or one passivation
layer thereof may be removed.

[0110] According to an exemplary embodiment, the
color filter 230 may be formed at a position (another por-
tion of a lower substrate or an upper substrate) different
from that of FIGs. 1 and 2, and in this case, an organic
layer may be formed at a position of the color filter 230
of FIG. 2, and an inclined portion may be formed at the
corresponding organic layer. In this case, the upper pas-
sivation layer 180q may be omitted.

[0111] According to an exemplary embodiment, pro-
trusion structures instead of the cutouts may be formed
as the liquid crystal control means and the additional lig-
uid crystal control means formed in the common elec-
trode 270. This will be described with reference to FIG.
33.

[0112] Hereinafter, only structures of a color filter, a
pixel electrode, and a common electrode which include
features in the liquid crystal display device of FIG. 1 will
be separately described in detail with reference to FIG. 4.
[0113] FIG. 4 is a layout view separately illustrating
only a color filter, a pixel electrode, and a common elec-
trode of the liquid crystal display device of FIG. 1.
[0114] First, in FIG. 4, only subpixels positioned at the
upper portion of the pixel of FIG. 1 are illustrated, and
CF represents a color filter, PE represents a pixel elec-
trode, and CE represents a common electrode.
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[0115] The color filter illustrated in FIG. 4 has a first
inclined portion 235h. The first inclined portion 235h has
a structure in which a height is changed in a partial region
of a portion overlapped with the first subpixel electrode
191h. Thefirstinclined portion 235h has arhombus struc-
ture as illustrated in FIG. 4. The rhombus structure of the
first inclined portion 235h is formed so that a vertex is in
contact with a boundary of a square region occupied by
a first partial plate electrode 192h. The firstinclined por-
tion 235h has a structure in which a height is gradually
decreased toward the center from a side of the rhombus
structure. The first inclined portion 235h has a structure
in whichthe heightis decreased ata predetermined slope
from one side to the center, and as the height is de-
creased, the width is decreased.

[0116] The pixel electrode PE illustrated in FIG. 4 has
the following features.

[0117] A first subpixel electrode 191h, which includes
afirst partial plate electrodes 192h, afirst extension 194h
extended in a vertical or horizontal direction from the first
partial plate electrodes 192h, and a plurality of minute
branch electrodes 193h protruding from the first partial
plate electrodes 192h and the first extension 194h in an
oblique direction, is formed on the color filter 230. The
first subpixel electrode 191h further includes a first con-
necting portion 197h which extends outside the square
region to be connected with a wide end portion of the first
drain electrode 175h.

[0118] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned atthe cent-
er of the square region, and each vertex of the rhombus
shape is formed at a predetermined distance from a
boundary of the square region. Further, the first partial
plate electrode 192h covers a part from the center of the
first inclined portion 235h of the color filter 230. As a re-
sult, the first partial plate electrode 192h has an inclina-
tion provided by the firstinclined portion 235h of the color
filter 230 as it is.

[0119] The first subpixel electrode 191h has a first ex-
tension 194h extended in a vertical or horizontal direction
from each vertex of the rhombus shape of the first partial
plate electrode 192h. The first extension 194h extends
in the vertical or horizontal direction to meet a boundary
of the square region occupied by the first subpixel elec-
trode 191h. As a result, the first extension 194h meets
the vertex of the rhombus structure of the first inclined
portion 235h of the color filter 230 on the plan view so as
to be vertically overlapped with each other.

[0120] The plurality of first minute branch electrodes
193h extends from the oblique side of the first partial
plate electrode 192h and the first extension 194h. The
plurality of first minute branch electrodes 193h fills the
rest of the square region, forms an angle of 45 degrees
with the first extension 194h, and forms an angle of 90
degrees with the oblique side of the first partial plate elec-
trode 192h. Further, ends of the first minute branch elec-
trodes 193h are not connected to each other to protrude
outwards.
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[0121] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 235h of the color filter 230 to be over-
lapped with the firstinclined portion 235h of the color filter
230 in the plurality of first minute branch electrodes 193h.
That s, the connecting terminal of the first minute branch
electrode 193his overlapped with the firstinclined portion
235h of the color filter 230 by a predetermined distance.
Therefore, the vicinity of the connecting terminal of the
first minute branch electrode 193h has the inclination pro-
vided by the first inclined portion 235h of the color filter
230 as it is, and a flat structure is formed up to the end
from the vicinity of the connecting terminal.

[0122] The common electrode CE illustrated in FIG. 4
has the following features.

[0123] The common electrode CE has a liquid crystal
control means and an additional liquid crystal control
means, and has a first cutout 275h as the liquid crystal
control means and has a first rhombus cutout pattern
276h as the additional liquid crystal control means.
[0124] First, the first cutout 275h is formed in a cross
shape and is a region where the common electrode CE
is not formed. Further, the first rhombus cutout pattern
276h has a rhombus shape and is positioned to be cen-
tered around a cross point of the first cutout 275h.
[0125] InFIG. 4, a structure of combining the common
electrode CE, the pixel electrode PE, and the color filter
CF is illustrated, and actually has a step due to the first
inclined portion 235h of the color filter 230. (see FIG. 2)
[0126] In the structure (CF+PE+CE) of combining the
common electrode CE, the pixel electrode PE, and the
color filter CF, it is verified that a rhombus-shaped side
of the first partial plate electrode 192h and the a side of
the first inclined portion 235h of the color filter 230 are
parallel to each other and are not overlapped with each
other on a plan view. That is, the rhombus structure of
the first inclined portion 235h has a larger area, and the
rhombus structure of the first partial plate electrode 192h
has a smaller area. Further, the centers of the two rhom-
bus structures coincide with each other. As a result, a
part of the connecting terminal side of the first minute
branch electrode 193his overlapped with the firstinclined
portion 235h to have an inclined structure.

[0127] Further, a cross point in the cross structure of
the first cutout 275h of the common electrode CE coin-
cides with the center of the rhombus shape of the first
partial plate electrode 192h of the lower panel 100 and
the center of the rhombus shape of the first inclined por-
tion 235h of the color filter 230. Further, arhombus shape
of the first rhombus cutout pattern 276h of the common
electrode CE coincides with the center of the rhombus
shape of the first partial plate electrode 192h and the
center of the rhombus shape of the first inclined portion
235h of the color filter 230. Further, the rhombus structure
of the first rhombus cutout pattern 276h has a smaller
area than a rhombus area of the first partial plate elec-
trode 192h and arhombus area of the firstinclined portion
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235h of the color filter 230, and sides of the respective
rhombus shapes are parallel to each other and are not
overlapped with each other.

[0128] As such, according to the exemplary embodi-
ment of FIG. 1, in order to improve the control force of
the liquid crystal molecules, ends of the minute branch
electrodes of the pixel electrode 191 are not connected
to each other to have a protruding structure. Further, the
inclined portion of the color filter and the minute branch
electrode are partially overlapped with each other to im-
prove the control force of the liquid crystal molecules in
the corresponding region. In addition, the control force
of the liquid crystal molecules is improved by forming the
liquid crystal control means and the additional liquid crys-
tal control means in the common electrode of the upper
panel 200.

[0129] That is, in the exemplary embodiment of FIG.
1, the control force of the liquid crystal molecules is im-
proved by the total four structures of the protruding struc-
ture of the ends of the minute branch electrodes, the over-
lapped structure of the inclined portion and the minute
branch electrode, the formation of the liquid crystal con-
trol means of the common electrode, and the formation
of the additional liquid crystal control means in the com-
mon electrode. However, even though only at least one
of the four structures is formed, the liquid crystal control
force is improved, and as a result, an exemplary embod-
iment having only at least one thereof belongs to the
present invention. The liquid crystal alignment force may
be improved by combining and using one or more of the
four structures according to a liquid crystal alignment
characteristic of the exemplary embodiment.

[0130] Hereinafter, a change of transmission and dis-
play characteristics in an exemplary embodiment using
the four structures for reinforcing the liquid crystal align-
ment force as illustrated in FIG. 1 will be described with
reference to FIG. 5.

[0131] FIG. 5is a diagram illustrating an experimental
result by using Example embodiment of the present in-
vention.

[0132] As illustrated in FIG. 5, it may be verified that a
transmission characteristic of light in the rhombus cutout
patterns 276h, 2761 which are the additional liquid crystal
control means formed in the common electrode 270 is
bad. However, as aresult, a liquid crystal alignment force
in a direction of 45 degrees of the liquid crystal molecules
around the rhombus cutout patterns is improved and thus
the liquid crystal molecules are rapidly aligned, thereby
improving the response characteristic.

[0133] Further, in FIG. 5, it may be verified that a tex-
ture occurs in the vicinity of a portion where four sides of
the partial plate electrodes 192h, 192| and the cutouts
275h, 275l of the common electrode 270 meet each other.
In this case, the sides of the partial plate electrodes 192h,
192l are inclined at angles of 45 degrees, but the cutouts
275h, 275l of the common electrode 270 are formed in
a vertical/ horizontal direction and thus a texture occurs
due to a difference between the alignment directions of
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the liquid crystal molecules in the corresponding portion.
However, the inclined portions 235h, 235l are formed at
the portion, and the inclined portions 235h, 235| and the
minute branch electrodes 193h, 193l overlap each other,
and as a result, the control force of the liquid crystal mol-
ecules is improved, thereby reducing a region where the
texture occurs and improving the response speed of the
liquid crystal molecules.

[0134] Hereinafter, achangeinadisplay characteristic
according to adegree at which the inclined portions 235h,
235l and the minute branch electrodes 193h, 193l overlap
each other will be described.

[0135] First, referring to FIGs. 6 to 9, a display charac-
teristic when the inclined portions 235h, 235| and the
minute branch electrodes 193h, 193l overlap each other
will be described in comparison with a Comparative Ex-
ample embodiment where the inclined portions 235h,
2351 and the minute branch electrodes 193h, 1931 are
not overlapped with each other.

[0136] FIGs.6to9arediagramsillustrating experimen-
tal results in which Example embodiments of the present
invention and a Comparative Example embodiment are
compared.

[0137] FIG. 6 illustrates that an experiment was per-
formed based upon an Example where a length of the
longest electrode of the first minute branch electrodes
193h is 65 pm in the first subpixel electrode 191h. Here,
a length of one side of the first inclined portion 235h is
100 wm, and the longest electrode of the first minute
branch electrodes 193h is overlapped with the first in-
clined portion 235h by 15 pum.

[0138] FIG. 7 illustrates a change of the texture with
the passage of time with respect to a pixel having the
overlapped structure as illustrated in FIG. 6. FIG. 7 illus-
trates a case where time passes for the figures moving
from left to right, and it may be verified that as the time
passes, the texture disappears.

[0139] FIG. 8 illustrates a case where the minute
branch electrode is not overlapped with the inclined por-
tionin FIG. 6 as the Comparative Example embodiment.
In this case, although the time passes, the change of the
texture is small.

[0140] FIGs.7 and 8 are diagrams photographed over
the same time interval, and it may be verified that in FIG.
7, a time when the texture is removed is decreased as
compared with the Comparative Example embodiment,
and as a result, the response speed of the liquid crystal
molecules is improved.

[0141] FIG. 9 illustrates this result by a table, and a
horizontal axis represents a time and a vertical axis rep-
resents luminance.

[0142] As verified in FIG. 9, in the Example embodi-
ment of FIG. 6, maximum luminance is shown within a
short time and maintained, but in the Comparative Ex-
ample embodiment, as time passes the luminanceis con-
stantly increased, and as a result, while the liquid crystal
molecules are continuously aligned, the display lumi-
nance is increased. Therefore, as illustrated in FIG. 6,
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when the minute branch electrode is overlapped with the
inclined portion, the control force of the liquid crystal mol-
ecules is reinforced, thereby improving the response
speed of the liquid crystal molecules.

[0143] Further, FIG. 9 illustrates that the display lumi-
nance in the Example embodiment of FIG. 6 is also im-
proved as compared with the Comparative Example em-
bodiment. That is, in Example embodiment of FIG. 6,
since the texture is less and rapidly removed, the display
luminance is higher than that in the Comparative Exam-
ple embodiment.

[0144] Hereinafter, a display characteristic according
to an overlapped degree of the minute branch electrode
and the inclined portion will be described with reference
to FIGs. 10 to 17.

[0145] FIGs. 10to 17 are diagrams illustrating textures
according to Example embodiments of the present in-
vention, FIGs. 10 and 11 illustrate the case where a
length of the longest electrode of the minute branch elec-
trodes is 50 um. FIGs. 12 and 13 illustrate the case where
a length of the longest electrode of the minute branch
electrodes is 62 um. FIGs. 14 and 15 illustrate the case
where a length of the longest electrode of the minute
branch electrodes is 68 um. FIGs. 16 and 17 illustrate
the case where a length of the longest electrode of the
minute branch electrodes is 73 pm.

[0146] First, FIGs. 10 and 11 will be described.
[0147] FIGs. 10 and 11 illustrate the case where the
length of the longest electrode of the minute branch elec-
trodes is 50 um, and an end of the first minute branch
electrode 193h and one side of the first inclined portion
235h coincide with each other. As a result, the texture
occurred in a portion corresponding to each side of the
first inclined portion 235h.

[0148] However, as illustrated in FIGs. 12 to 15, in the
case where the length of the longest electrode of the first
minute branch electrodes 193h is 62 um or 68 pm, the
liquid crystal control force was increased due to the first
minute branch electrodes 193h at the portion corre-
sponding to each side of the first inclined portion 235h
and thus the texture was removed in the corresponding
portion.

[0149] However,in FIGs. 14 and 15 in which the length
of the longest electrode of the first minute branch elec-
trodes 193h is 68 wm, the texture started to occur again
at the portion corresponding to each side of the first in-
clined portion 235h.

[0150] When the overlapped length of the first minute
branch electrode 193h and the first inclined portion 235h
was increased as illustrated in FIGs. 16 and 17, a signif-
icant amount of textures occurred at the portion corre-
sponding to each side of the first inclined portion 235h,
and as a result, there is a problem in that transmittance
deteriorates.

[0151] Therefore, in the exemplary embodiment, the
length of the longest electrode of the first minute branch
electrodes 193h needs to be more than 50 pm and may
be 60 wm or less. In this case, a length of one side of the
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first inclined portion 235h is 100 wm, an oblique length
of the square region is 200 pm.

[0152] Therefore, the length of the longest electrode
of the minute branch electrodes may have a value of
between 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the minute branch electrodes that is overlapped with the
inclined portion may have a value of between 0% and
10% of the oblique length of the entire square region.
[0153] Hereinafter, various exemplary embodiments
of the liquid crystal control means or the additional liquid
crystal control means that is formed in the common elec-
trode 270 of the upper panel 200 will be described with
reference to FIGs. 18 to 24.

[0154] FIGs. 18 to 24 are diagrams illustrating pixel
structures and textures depending thereon according to
another exemplary embodiment of the present invention.
[0155] First, FIGs. 18 and 19 illustrate a case where
the rhombus cutout patterns 276h and 276l which are
the additional liquid crystal control means are removed
from the common electrode 270 of FIG. 1. That is, only
the cutouts 275h, 2751 which are the liquid crystal control
means and have a cross shape are formed at the com-
mon electrode 270.

[0156] When comparing FIG. 19 with FIG. 5, in FIG.
19, it is advantageous that light passes through a cross
point portion of the cross structure, but a size of the tex-
ture occurring in a region where the cutout 275h having
the cross structure and the first inclined portion 235h
overlap each other is relatively large.

[0157] Hereinafter, the Example embodiment of FIG.
20 will be described.

[0158] Asillustratedin FIG. 20, the common electrode
270 has the cutout having the cross structure as a liquid
crystal control means, and an X-shaped cutout pattern
277h having an X shape is formed as an additional liquid
crystal control means unlike FIG. 1. Herein, a length of
one side of the X-shaped cutout pattern 277h may have
a value of between 0% and 25% of the oblique length of
the entire square region. The X-shaped cutout pattern
277h may be also referred to as an X-shaped pattern
together with a case of being formed by a protrusion.
[0159] When comparing FIG. 21 with FIGs. 5 and 19,
it is advantageous that light passes through a cross point
portion of the cross structure and a size of the texture
occurring in a region where the cutout 275h having the
cross structure and the first inclined portion 235h overlap
each other is not relatively large.

[0160] Hereinafter, the Example embodiment of FIG.
22 will be described.

[0161] Asillustratedin FIG. 22, the common electrode
270 does not have the additional liquid crystal control
means, but has a disconnected portion 275-1h in the mid-
dle of the cutout 275h having the cross structure as the
liquid crystal control means. The disconnected portion
275-1his formed so that the cutout portion is disconnect-
ed by forming the common electrode 270 between the
cutouts 275h. As a result, the common electrodes 270
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positioned in one square region are connected with each
other through the disconnected portion 275-1h.

[0162] When comparing FIG. 23 with FIGs. 5, 19, and
21, it is advantageous that light passes through a cross
point portion of the cross structure, but the texture oc-
curred in the region where the cutout 275h having the
cross structure and the firstinclined portion 235h overlap
each other and the disconnected portion 275-1h.
[0163] According to an exemplary embodiment, at
least two of FIGs. 1, 18, 19, 20, and 22 may be used
together, and a structure of FIG. 24 is illustrated as an
example.

[0164] FIG. 24 illustrates a combined structure of the
structures of FIG. 1 and FIG. 22.

[0165] Thatis, asillustrated in FIG. 24, the disconnect-
ed portion 275-1h in the middle of the first cutout 275h
having the cross structure as the liquid crystal control
means is included in the common electrode 270. Further,
a first rhombus cutout pattern 276h is included as the
additional liquid crystal control means like FIG. 1. As
such, in the structure of FIG. 24, the control force of the
liquid crystal molecules is improved due to the discon-
nected portion 275-1h in the middle of the first cutout
275h and the rhombus cutout pattern 276h, and as a
result, more rapid response speed of the liquid crystal
molecules may be acquired.

[0166] As such, Example embodiments of the present
invention may also be applied to various pixel structures,
and hereinafter, representative examples applied for
each pixel structure will be described with reference to
FIGs. 25 to 32, respectively.

[0167] FIGs. 25 to 32 are circuit diagrams and layout
views illustrating a liquid crystal display device according
to another exemplary embodiment of the present inven-
tion.

[0168] First, referring to FIGs. 25 and 26, a structure
in which two subpixels are coupled with each other by
an auxiliary storage capacitor Cas after receiving data
voltage from one transistor Q will be described.

[0169] FIG. 25 is an equivalent circuit diagram of one
pixel of a liquid crystal display device according to the
another exemplary embodiment of the present invention,
and FIG. 26 is a layout view of a lower panel of the liquid
crystal display device according to another exemplary
embodiment of the present invention.

[0170] The liquid crystal display device according to
the exemplary embodiment of the present invention in-
cludes signal lines including a plurality of gate lines GL,
a plurality of data lines DL, and a plurality of storage elec-
trode lines SL, and a plurality of pixels PX connected
thereto. Each pixel PX includes a pair of first and second
subpixels PXa, PXb, and a first subpixel electrode (191h
of FIG. 26) is formed in the first subpixel PXa and a sec-
ond subpixel electrode (1911 of FIG. 26) is formed in the
second subpixel PXb.

[0171] The liquid crystal display device according to
the exemplary embodiment of the present invention fur-
ther includes a switching element Q connected to the
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gate line GL and the data line DL, a first liquid crystal
capacitor Clca and a first storage capacitor Csta which
are connected to the switching element Q and formed in
the first subpixel PXa, a second liquid crystal capacitor
Clcb and a second storage capacitor Cstb which are con-
nected to the switching element Q and formed in the sec-
ond subpixel PXb, and an auxiliary capacitor Cas formed
between the switching element Q and the second liquid
crystal capacitor Clcb.

[0172] The switching element Q is a three-terminal el-
ement such as a thin film transistor provided in the lower
panel 100, and a control terminal thereof is connected to
the gate line GL, an input terminal is connected to the
data line DL, and an output terminal is connected to the
first liquid crystal capacitor Clca, the first storage capac-
itor Csta, and the auxiliary capacitor Cas.

[0173] One terminal of the auxiliary capacitor Cas is
connected to an output terminal of the switching element
Q, and the other terminal thereof is connected to the sec-
ond liquid crystal capacitor Clcb and the second storage
capacitor Cstb.

[0174] A charged voltage of the second liquid crystal
capacitor Clcb is lower than a charged voltage of the first
liquid crystal capacitor Clca by the auxiliary capacitor
Cas, thereby improving side visibility of the liquid crystal
display device.

[0175] In the structure of the liquid crystal display de-
vice according to the exemplary embodiment of the
present invention, as illustrated in FIG. 26, a plurality of
gate conductors including a plurality of gate lines 121
and a plurality of storage electrode lines 131 is formed
on an insulation substrate (not illustrated) made of trans-
parent glass or plastic.

[0176] The gatelines 121 transfer gate signals and ex-
tend mainly in a horizontal direction. Each gate line 121
includes a plurality of gate electrodes 124 protruding up-
wards.

[0177] The storage electrodes lines 131 receive pre-
determined voltages and extend to be substantially par-
allel to the gate lines 121. Each storage electrode line
131 is positioned between two adjacent gate lines 121.
The storage electrode line 131 includes storage elec-
trodes 135a, 135b which are expanded downwards.
However, shapes and layouts of the storage electrode
line 131 and the storage electrodes 135a, 135b may be
varied.

[0178] A gateinsulating layer (notillustrated) is formed
on the gate conductors 121,131. An island-shaped sem-
iconductor 154 is formed on the gate insulating layer.
The semiconductor 154 is positioned on the gate elec-
trode 124.

[0179] A data conductor including a plurality of data
lines 171 and drain electrodes 175 is formed on the sem-
iconductor 154 and the gate insulating layer.

[0180] The data lines 171 transfer data signals and
mainly extend in a vertical direction to cross the gate lines
121 and the storage electrode lines 131. Each data line
171 includes a source electrode 173 which extends to-
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ward the gate electrode 124.

[0181] The drain electrode 175 is separated from the
data line 171 and includes a rod-shaped end portion fac-
ing the source electrode 173 based upon the gate elec-
trode 124. The rod-shaped end portion is partially sur-
rounded by the curved source electrode 173.

[0182] The other end portion of the drain electrode 175
extends to be substantially parallel to the data line 171
to be formed throughout the first subpixel PXa and the
second subpixel PXb, and a portion formed in the second
subpixel PXb is called an auxiliary electrode 176.
[0183] A passivation layer (notillustrated) is formed on
the data conductors 171, 175 and the semiconductor
154. The passivation layer is made of an organic insulator
or the like and includes inclined portions 185h, 1851. The
surface of the passivation layer except for the inclined
portions 185h, 185l is flat. In the exemplary embodiment
of FIG. 26, the inclined portions 185h, 185l are formed
on the passivation layer, and the exemplary embodiment
of FIG. 26 is different from the exemplary embodiment
in which the inclined portions are formed on the color
filter 230 of FIG. 1.

[0184] The inclined portions 185h, 185l are positioned
in a partial region of a portion overlapped with the first
and second subpixel electrodes 191h, 191l and have a
structure in which heights thereof are changed. The in-
clined portions 185h, 185] have rhombus structures as
illustrated in FIG. 26. The rhombus structure of the first
inclined portion 185h may be formed so that a vertex is
in contact with a boundary of a quadrangular region oc-
cupied by a first partial plate electrode 192h, and accord-
ing to an exemplary embodiment, the vertex may not be
in contact with the boundary. Further, the rhombus struc-
ture of the second inclined portion 185] may be formed
so that a vertex is in contact with a boundary of a quad-
rangular region occupied by a second partial plate elec-
trode 1921, and according to an exemplary embodiment,
the vertex may not be in contact with the boundary. Fur-
ther, according to an exemplary embodiment, the region
in which the rhombus structure is positioned may also
have a square or rectangular region. The inclined por-
tions 185h, 185| have structures in which heights are
gradually decreased toward the center from a side of the
rhombus structure. The inclined portions 185h, 1851 have
structures in which the heights are decreased at a pre-
determined slope from one side to the center, and as the
heights are decreased, the widths are decreased. An or-
ganic insulator may not be formed at the centers of the
inclined portions 185h, 185l having the rhombus struc-
ture, and according to an exemplary embodiment, an
opening in which the organic insulator is not formed may
be included in a predetermined region near the center.
[0185] A color filter may be formed below the passiva-
tion layer, and the color filter may be positioned on the
upper panel. Further, unlike FIG. 26, the inclined portions
asillustrated in FIG. 1 may be positioned at the color filter
positioned below the passivation layer. In this case, the
inclined portions may not be formed at the passivation
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layer.

[0186] A plurality of pixel electrodes 191 is formed on
the passivation layer. Each pixel electrode 191 includes
a first subpixel electrode 191h and a second subpixel
electrode 1911 which are formed at a predetermined dis-
tance.

[0187] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l include partial plate elec-
trodes 192h, 192| positioned at the centers thereof, ex-
tensions 194h, 194| extending from the partial plate elec-
trodes 192h, 192l in a vertical or horizontal direction, and
a plurality of minute branch electrodes 193h, 193l pro-
truding from the partial plate electrodes 192h, 192I and
the extensions 194h, 194l in an oblique direction, respec-
tively.

[0188] The first subpixel electrode 191h includes the
first partial plate electrode 192h and the plurality of first
minute branch electrodes 193h, and is connected with a
wide end portion of the drain electrode 175 by a connect-
ing portion extended outside the quadrangular region.
[0189] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned at the cent-
er of the quadrangular region, and each vertex of the
rhombus shape is formed at a predetermined distance
from a boundary of the quadrangular region. Further, the
first partial plate electrode 192h covers a part from the
center of the first inclined portion 185h of the passivation
layer. As a result, the first partial plate electrode 192h
has an inclination provided by the first inclined portion
185h of the passivation layer as it is.

[0190] The first subpixel electrode 191h has a first ex-
tension 194h extending from each vertex of the rhombus
shape of the first partial plate electrode 192h in a vertical
or horizontal direction (in a parallel or vertical direction
to the gate line 121 or the data line 171). The first exten-
sion 194h extends in the vertical or horizontal direction
to meet a boundary of the quadrangular region occupied
by the first subpixel electrode 191h. As a result, the first
extension 194h meets the vertex of the rhombus struc-
ture of the first inclined portion 185h of the passivation
layer on the plan view so as to be vertically overlapped
with each other.

[0191] The plurality of first minute branch electrodes
193h extends from the oblique side of the first partial
plate electrode 192h and the first extension 194h. The
plurality of first minute branch electrodes 193h fills the
rest of the quadrangular region, forms an angle of 45
degrees with the first extension 194h (or the gate line
121 or the data line 171), and forms an angle of 90 de-
grees with the oblique side of the first partial plate elec-
trode 192h. Further, ends of the first minute branch elec-
trodes 193h are not connected to each other to protrude
outwards. However, if the ends of the first minute branch
electrodes 193h are connected to each other to be
closed, directions of liquid crystal molecules of the liquid
crystal layer 3 to be aligned by an electric field are differ-
ent from directions of the liquid crystal molecules to be
aligned by the closed ends, and as a result, a response
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speed of the liquid crystal molecules may be delayed.
Therefore, in the exemplary embodiment of the present
invention, the ends of the first minute branch electrodes
193h are not connected to each other but protrude out-
wards to have a structure in which opening regions be-
tween the first minute branch electrodes 193h are
opened. As a result, the liquid crystal molecules may be
aligned in the directions to be aligned by the electric field
without other resistance, and as a result, the response
speed of the liquid crystal molecules is improved and
textures are decreased.

[0192] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 185h of the passivation layer to be over-
lapped with each other in the plurality of first minute
branch electrodes 193h. That is, the connecting terminal
of the first minute branch electrode 193h overlaps the
first inclined portion 185h of the passivation layer by a
predetermined distance. Therefore, the vicinity of the
connecting terminal of the first minute branch electrode
193h has the inclination provided by the first inclined por-
tion 185h of the passivation layer as it is, and a flat struc-
ture is formed up to the end from the vicinity of the con-
necting terminal. The end portion of the first minute
branch electrode 193h and the first inclined portion 185h
ofthe passivation layer overlap each other and thus liquid
crystal control force of the corresponding portion is fur-
ther increased, and as a result, the liquid crystal mole-
cules may rapidly operate by the electric field. As aresult,
the response speed of the liquid crystal molecules is im-
proved. However, when alength of the first minute branch
electrode 193h is overly increased and thus an over-
lapped distance is too large, a texture due to a slit struc-
ture may occur, and as a result, the overlapped distance
needs to be set at a predetermined level or less. In the
exemplary embodiment, the longest electrode of the first
minute branch electrodes 193h may have a length of
more than 50 um and 68 pm or less, and a size of the
pixel is determined according to a characteristic of the
display device. When a size of the quadrangular region
is determined according to the size of the pixel, the length
of the longest electrode of the first minute branch elec-
trodes 193h may be selected and used in the range of
more than 50 um and 68 um or less. However, according
to an exemplary embodiment, an exemplary embodiment
beyond the above range may also exist. The length of
the longest electrode of the first minute branch electrodes
193h may have a value of between 25% and 35% of an
oblique length of the entire quadrangular region, and a
length of the longest electrode of the first minute branch
electrodes 193h that is overlapped with the first inclined
portion 185h may have a value of between 0% and 10%
of the oblique length of the entire square region.

[0193] The second partial plate electrode 192l of the
second subpixel electrode 1911 has a rhombus shape, a
center thereof is positioned at the center of the quadran-
gular region, and each vertex of the rhombus shape is

10

15

20

25

30

35

40

45

50

55

15

formed at a predetermined distance from a boundary of
the quadrangular region. Further, the second partial plate
electrode 192l covers a part from the center of the second
inclined portion 185l of the passivation layer. As a result,
the second partial plate electrode 192 has an inclination
provided by the second inclined portion 185l of the pas-
sivation layer as it is.

[0194] The second subpixel electrode 191l has the
second extension 194| extending from each vertex of the
rhombus shape of the second partial plate electrode 192I
in a vertical or horizontal direction (in a parallel or vertical
direction to the gate line 121 or the data line 171). The
second extension 194l extends in the vertical or horizon-
tal direction to meet a boundary of the two-divided square
regions. As a result, the second extension 194] meets
the vertex of the rhombus structure of the second inclined
portion 1851 of the passivation layer on the plan view so
as to be vertically overlapped with each other.

[0195] The plurality of second minute branch elec-
trodes 193l extends from an oblique side of the second
partial plate electrode 192l and the second extension
194l. The plurality of second minute branch electrodes
193l fills the rest of the quadrangular region, forms an
angle of 45 degrees with the second extension 194l (or
the gate line 121 or the data line 171), and forms an angle
of 90 degrees with the oblique side of the second partial
plate electrode 192I. Further, ends of the second minute
branch electrodes 1931 are not connected to each other
to protrude outwards. However, if the ends of the second
minute branch electrodes 193l are connected to each
other to be closed, directions of liquid crystal molecules
of the liquid crystal layer 3 to be aligned by an electric
field are different from directions of the liquid crystal mol-
ecules to be aligned by the closed ends, and as a result,
a response speed of the liquid crystal molecules may be
delayed. Therefore, in the exemplary embodiment of the
present invention, the ends of the second minute branch
electrodes 193l are not connected to each other but pro-
trude outwards to have a structure in which opening re-
gions between the second minute branch electrodes 1931
are opened. As a result, the liquid crystal molecules may
be aligned in the directions to be aligned by the electric
field without other resistance, and as a result, the re-
sponse speed of the liquid crystal molecules is improved
and textures are decreased.

[0196] Further, a connecting terminal connected with
the oblique side of the second partial plate electrode 192I
and the second extension 194l is positioned above the
second inclined portion 185l of the passivation layer to
be overlapped with the second inclined portion 185l of
the passivation layer in the plurality of second minute
branch electrodes 193I. That is, the connecting terminal
ofthe second minute branch electrode 193l is overlapped
with the second inclined portion 185l of the passivation
layer by a predetermined distance. Therefore, the vicinity
of the connecting terminal of the second minute branch
electrode 193l has the inclination provided by the second
inclined portion 185l of the passivation layer as it is, and
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a flat structure is formed up to the end from the vicinity
of the connecting terminal. The end portion of the second
minute branch electrode 193l and the second inclined
portion 185l of the passivation layer overlap each other
and thus liquid crystal control force of the corresponding
portion is further increased, and as a result, the liquid
crystal molecules may rapidly operate by the electric
field. As a result, the response speed of the liquid crystal
molecules is improved. However, when lengths of the
second minute branch electrodes 1931 are overly in-
creased and thus overlapped distances are too large, a
texture due to a slit structure may occur, and as a result,
the overlapped distances need to be set at a predeter-
mined level or less. In the exemplary embodiment, the
longest electrode of the second minute branch electrodes
1931 may have a length of more than 50 pum and 68 pm
or less, and a size of the pixel is determined according
to a characteristic of the display device. When a size of
the square region is determined according to the size of
the pixel, the length of the longest electrode of the second
minute branch electrodes 1931 may be selected and used
in the range of more than 50 pm and 68 um or less.
However, according to an exemplary embodiment, an
exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the sec-
ond minute branch electrodes 193 may have a value of
between 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the second minute branch electrodes 193l that is over-
lapped with the second inclined portion 1851 may have
a value of between 0% and 10% of the oblique length of
the entire square region.

[0197] The second subpixel electrode 191l includes
the second partial plate electrode 1921 and the plurality
of second minute branch electrodes 193, and is over-
lapped with the auxiliary electrode 176 to form an auxil-
iary capacitor Cas.

[0198] The first and second subpixel electrodes 191h,
1911 form first and second liquid crystal capacitors to-
gether with the common electrode of the upper panel and
the liquid crystal layer therebetween to maintain the ap-
plied voltage even after a thin film transistor (Q of FIG.
25) is turned off.

[0199] The first and second subpixel electrodes 191h,
1911 are overlapped with the storage electrodes 135a,
135btoformthe firstand second storage capacitors Csta,
Cstb, and reinforce voltage maintaining capacity of the
first and second liquid crystal capacitors Clca, Clcb.
[0200] Inthe firstexemplary embodiment, the auxiliary
electrode 176 is formed by extending the drain electrode
175, but the present invention is not limited thereto and
the auxiliary electrode 176 may be formed to be sepa-
rated from the drain electrode 175. In this case, a contact
hole is formed in a passivation layer above the first sub-
pixel electrode 191h, and the auxiliary electrode 176 is
connected with the first subpixel electrode 191h through
the contact hole to be overlapped with the second sub-
pixel electrode 1911.
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[0201] A light blocking member and a common elec-
trode may be formed on the upper panel 200. A color
filter may be formed on the upper panel 200.

[0202] The common electrode formed on the upper
panel 200 is made of a transparent conductive material
and may include a liquid crystal control means and an
additional liquid crystal control means.

[0203] Cutouts 275h, 2751 as the liquid crystal control
means are formed in a cross shape at the common elec-
trode 270. A cross point in the cross structure of the first
cutout 275h is overlapped with the center of the rhombus
shape of the first partial plate electrode 192h of the lower
panel 100 or the center of the rhombus shape of the first
inclined portion 185h of the passivation layer. Further,
the cross structure of the second cutout 275l is over-
lapped with the center of the rhombus shape of the sec-
ond partial plate electrode 192l of the lower panel 100 or
the center of the rhombus shape of the second inclined
portion 185l of the passivation layer, respectively. Fur-
ther, the cutouts 275h, 275l positioned at the adjacent
pixels extend to be connected with each other. The cut-
outs 275h, 275l serve to improve the control force of the
liquid crystal molecules.

[0204] Further, the additional liquid crystal control
means is positioned near the cross point of the cross
structure of the cutouts 275h, 275! in the common elec-
trode 270. In the exemplary embodiment of FIG. 26,
rhombus cutout patterns 276h, 2761 are formed as the
additional liquid crystal control means. The rhombus cut-
out patterns 276h, 2761 have sides which are parallel to
the rhombus shapes of the partial plate electrodes 192h,
192 of the lower panel 100 or the rhombus shapes of
the inclined portions 185h, 185l of the passivation layer
on the plan view. The sizes of the rhombus cutout pat-
terns 276h, 2761 may be various according to an exem-
plary embodiment. If the sizes are too small, a role as
the liquid crystal control means is slight, and if the sizes
are too large, transmittance deteriorates, and as a result,
the rhombus cutout patterns 276h, 2761 may be formed
with appropriate sizes according to an exemplary em-
bodiment. According to the rhombus cutout patterns
276h, 2761 which are the additional liquid crystal control
means, the cutouts 275h, 275l positioned at the common
electrode 270 extend only in the vertical or horizontal
direction, and as a result, the liquid crystal control force
of a direction of 45 degrees with the direction may dete-
riorate. Accordingly, the liquid crystal control force of the
direction of 45 degrees is improved by forming an addi-
tional rhombus-shaped liquid crystal control means
(rhombus cutout patterns 276h, 276l), and as a result,
the liquid crystal molecules are rapidly aligned by the
electric field and thus the response speed is improved.

[0205] An alignment layer (not illustrated) is formed at
inner sides of the lower panel 100 and the upper panel.
The alignment layer may be a vertical alignment layer
and may be an alignment layer photo-aligned by using a
photopolymerization material.

[0206] Polarizers (notillustrated) are provided on outer
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sides of the two panels 100, 200, and transmissive axes
of the two polarizers are perpendicular to each other and
one transmissive axis thereof may be parallel to the gate
line 121.

[0207] Theliquid crystal layer 3 has negative dielectric
anisotropy between the lower panel 100 and the upper
panel 200, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned so that long axes are vertical
to the surfaces of the two panels 100, 200 while an electric
field is not applied.

[0208] A polymer polymerized by light such as ultravi-
olet light is not included in the liquid crystal layer 3 ac-
cording to the exemplary embodiment of FIG. 26. How-
ever, according to an exemplary embodiment, a polymer
polymerized by light such as ultraviolet light may be fur-
ther included. This will be described with reference to
FIG. 34.

[0209] Hereinafter, referring to FIGs. 27 and 28, after
two subpixels receive the same data voltage from re-
spective transistors Qa, Qb, respectively, an electric
charge of the second subpixel electrode (1911 of FIG. 28)
flows into the auxiliary capacitor Cas by a third switching
element Qc and thus the voltage of the second liquid
crystal capacitor Clcb drops.

[0210] Hereinafter, a liquid crystal display device ac-
cording to the exemplary embodiment of the present in-
vention will be described below in detail with reference
to FIGs. 27 and 28.

[0211] FIG. 27 is an equivalent circuit diagram of one
pixel of the liquid crystal display device according to the
exemplary embodiment of the present invention, and
FIG. 28 is a layout view of a lower panel of the liquid
crystal display device according to the exemplary em-
bodiment of the present invention.

[0212] The liquid crystal display device according to
the exemplary embodiment of the present invention in-
cludes signal lines including a plurality of gate lines GLn,
GLn+1, a plurality of data lines DL, and a plurality of stor-
age electrode lines SL, and a plurality of pixels PX con-
nected thereto. Each pixel PX includes a pair of first and
second subpixels PXa, PXb, and a first subpixel elec-
trode (191h of FIG. 28) is formed in the first subpixel PXa
and a second subpixel electrode (1911 of FIG. 28) is
formed in the second subpixel PXb.

[0213] The liquid crystal display device according to
the exemplary embodiment of the present invention fur-
ther includes a first switching element Qa and a second
switching element Qb connected to the gate line GLn and
the data line DL, a first liquid crystal capacitor Clca and
a first storage capacitor Csta which are connected to the
first switching element Qa to be formed in the first sub-
pixel PXa, a second liquid crystal capacitor Clcb and a
second storage capacitor Cstb which are connected to
the second switching element Qb to be formed in the
second subpixel PXb, a third switching element Qc that
is connected with the second switching element Qb and
switched by the next gate line GLn+1, and an auxiliary
capacitor Cas connected with the third switching element
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Qc.

[0214] The first switching element Qa and the second
switching element Qb are three-terminal elements such
as a thin film transistor provided in the lower panel 100,
and a control terminal thereof is connected to the gate
line GLn, an input terminal is connected to the data line
DL, and an output terminal is connected to the first liquid
crystal capacitor Clca and the first storage capacitor Cs-
ta, and the second liquid crystal capacitor Clcb and the
second storage capacitor Cstb, respectively.

[0215] The third switching element Qc is also a three-
terminal element such as a thin film transistor provided
in the lower panel 100, and a control terminal thereof is
connected to the next gate line GLn+1, an input terminal
is connected to the second liquid crystal capacitor Clcb,
and an output terminal is connected to the auxiliary ca-
pacitor Cas.

[0216] One terminal of the auxiliary capacitor Cas is
connected to an output terminal of the third switching
element Qc, and the other terminal thereof is connected
to the storage electrode line SL.

[0217] When describing an operation of the liquid crys-
tal display device according to the exemplary embodi-
ment of the present invention, when a gate-on voltage is
applied to the gate line GLn, the first switching element
and the second switching elements Qa and Qb which are
connected to the gate line GLn are turned on, and a data
voltage of the data lien 171 is applied to the first and
second subpixel electrodes (191h, 1911 of FIG. 28).
[0218] Next, when a gate-off voltage is applied to the
gate line GLn and the gate-on voltage is applied to the
next gate lineGLn+1, the first and second switching ele-
ments Qa, Qb are turned off and the third switching ele-
ment Qc is turned on. As a result, an electric charge of
the second subpixel electrode (1911 of FIG. 28) connect-
ed with an output terminal of the second switching ele-
ment Qb flows into the auxiliary capacitor Cas and thus
the voltage of the second liquid crystal capacitor Clcb
drops.

[0219] As such, the charged voltages of the first and
second liquid crystal capacitors Clca, Clcb are different
from each other, thereby improving side visibility of the
liquid crystal display device.

[0220] In the structure of the liquid crystal display de-
vice according to the exemplary embodiment of the
present invention, as illustrated in FIG. 28, a plurality of
gate conductors including a plurality of first gate lines
121, aplurality of step-down gate lines 123, and a plurality
of storage electrode lines 131 is formed on an insulation
substrate (not illustrated) made of transparent glass or
plastic.

[0221] The first gate lines 121 and the step-down gate
lines 123 mainly extend in a horizontal direction to trans-
fer gate signals. The first gate line 121 includes a first
gate electrode 124a and a second gate electrode 124b
protruding upwards, and the step-down gate line 123 in-
cludes a third gate electrode 124c protruding upwards.
The first gate electrode 124a and the second gate elec-
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trode 124b are connected with each other to form one
protrusion.

[0222] The storage electrode line 131 mainly extends
in a horizontal direction to transfer a predetermined volt-
age such as a common voltage. The storage electrode
line 131 includes storage electrodes 135a, 135b which
expand upwards and downwards. In this case, shapes
and layouts of the storage electrode line 131 and the
storage electrodes 135a, 135b may be varied.

[0223] A gateinsulatinglayer (notillustrated) is formed
on the gate conductors 121, 123, 131.

[0224] A plurality of island-shaped semiconductors
154 is formed on the gate insulating layer 140. The sem-
iconductors 154 include a first semiconductor 154a po-
sitioned on the first gate electrode 124a, a second sem-
iconductor 154b positioned on the second gate electrode
124b, and a third semiconductor 154c positioned on the
third gate electrode 124c. The first semiconductor 154a
and the second semiconductor 154b may be connected
with each other.

[0225] Data conductors including a plurality of data
lines 171, a first drain electrode 175a, a second drain
electrode 175b, a third source electrode 173c, and a third
drain electrode 175c are formed on the semiconductors
154 and the gate insulating layer.

[0226] The data lines 171 transfer data signals and
mainly extend in a vertical direction to cross the first gate
lines 121 and the step-down gate lines 123. Each data
line 171 includes a first source electrode 173a and a sec-
ond source electrode 173b which extend toward the first
gate electrode 124a and the second gate electrode 124b.
The first source electrode 173a and the second source
electrode 173b are connected with each other.

[0227] Thefirstdrain electrode 175a, the second drain
electrode 175b, and the third drain electrode 175cinclude
one wide end portion and the other rod-shaped end por-
tion, respectively. The rod-shaped end portions of the
first drain electrode 175a and the second drain electrode
175b are partially surrounded by the first source elec-
trode 173a and the second source electrode 173b, re-
spectively, and the third drain electrode 175c is also par-
tially surrounded by the third source electrode 173c. One
wide end portion of the second drain electrode 175b is
connected with the third source electrode 173c. A wide
end portion 177c of the third drain electrode 175c¢ is par-
tially overlapped with an expansion 137a of the storage
electrode line 131 to form an auxiliary capacitor Cas.
[0228] The first, second, third gate electrodes 124a,
124b, 124c, the first, second, third source electrodes
173a, 173b, 173c, and the first, second, third drain elec-
trodes 175a, 175b, 175c form first, second, third thin film
transistors (TFTs) (Qa, Ql, Qc of FIG. 5) together with
the first, second, third semiconductors 154a, 154b, 154c,
respectively, and channels of the thin film transistors are
formed in the respective semiconductors 154a, 154b,
154c between the respective source electrodes 173a,
173b, 173c and the respective drain electrodes 175a,
175b, 175c.
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[0229] A passivation layer (notillustrated) is formed on
the data conductors 171, 175a, 175b, 175c and the ex-
posed portions of the semiconductors 154a, 154b, 154c.
The passivation layer is made of an organic insulator or
the like and includes inclined portions 185h, 1851. The
surface of the passivation layer except for the inclined
portions 185h, 1851 is flat. In the exemplary embodiment
of FIG. 28, the inclined portions 185h, 185l are formed
on the passivation layer, which is different from the ex-
emplary embodiment in which the inclined portions are
formed on the color filter 230 of FIG. 1.

[0230] The inclined portions 185h, 185l are positioned
in a partial region of a portion overlapped with the first
and second subpixel electrodes 191h, 1911 and have a
structure in which heights thereof are changed. The in-
clined portions 185h, 185] have rhombus structures as
illustrated in FIG. 28. The rhombus structure of the first
inclined portion 185h may be formed so that a vertex is
in contact with a boundary of a quadrangular region oc-
cupied by afirst partial plate electrode 192h, and accord-
ing to an exemplary embodiment, the vertex may not be
in contact with the boundary. Further, the rhombus struc-
ture of the second inclined portion 1851 may be formed
so that a vertex is in contact with a boundary of a quad-
rangular region occupied by a second partial plate elec-
trode 1921, and according to an exemplary embodiment,
the vertex may not be in contact with the boundary. Fur-
ther, according to an exemplary embodiment, the region
in which the rhombus structure is positioned may also
have a square or rectangular region. The inclined por-
tions 185h, 185l have structures in which heights are
gradually decreased toward the center from a side of the
rhombus structure. The inclined portions 185h, 185| have
structures in which the heights are decreased at a pre-
determined slope from one side to the center, and as the
heights are decreased, the widths are decreased. An or-
ganic insulator may not be formed at the centers of the
inclined portions 185h, 185l having the rhombus struc-
tures, and according to an exemplary embodiment, an
opening in which the organic insulator is not formed may
be included in a predetermined region near the center.
[0231] A color filter may be formed below the passiva-
tion layer, and the color filter may be positioned on the
upper panel. Further, unlike FIG. 28, the inclined portions
as illustrated in FIG. 1 may be positioned at the color filter
positioned below the passivation layer. In this case, the
inclined portions may not be formed at the passivation
layer.

[0232] A plurality of pixel electrodes 191 is formed on
the passivation layer. Each pixel electrode 191 includes
a first subpixel electrode 191h and a second subpixel
electrode 1911 which are formed at a predetermined dis-
tance.

[0233] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l include partial plate elec-
trodes 192h, 192| positioned at the centers thereof, ex-
tensions 194h, 194| extending from the partial plate elec-
trodes 192h, 192l in a vertical or horizontal direction, and
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a plurality of minute branch electrodes 193h, 193l pro-
truding from the partial plate electrodes 192h, 192I and
the extensions 194h, 194lin an oblique direction, respec-
tively.

[0234] The first subpixel electrode 191h includes the
first partial plate electrode 192h and the plurality of first
minute branch electrodes 193h, and is connected with a
wide end portion of the drain electrode 175 by a connect-
ing portion extended outside the quadrangular region.
[0235] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned at the cent-
er of the quadrangular region, and each vertex of the
rhombus shape is formed at a predetermined distance
from a boundary of the quadrangular region. Further, the
first partial plate electrode 192h covers a part from the
center of the first inclined portion 185h of the passivation
layer. As a result, the first partial plate electrode 192h
has an inclination provided by the first inclined portion
185h of the passivation layer as it is.

[0236] The first subpixel electrode 191h has a first ex-
tension 194h extending from each vertex of the rhombus
shape of the first partial plate electrode 192h in a vertical
or horizontal direction (in a parallel or vertical direction
to the gate line 121 or the data line 171). The first exten-
sion 194h extends in the vertical or horizontal direction
to meet a boundary of the quadrangular region occupied
by the first subpixel electrode 191h. As a result, the first
extension 194h meets the vertex of the rhombus struc-
ture of the first inclined portion 185h of the passivation
layer on the plan view so as to be vertically overlapped
with each other.

[0237] The plurality of first minute branch electrodes
193h extends from the oblique side of the first partial
plate electrode 192h and the first extension 194h. The
plurality of first minute branch electrodes 193h fills the
rest of the quadrangular region, forms an angle of 45
degrees with the first extension 194h (or the gate line
121 or the data line 171), and forms an angle of 90 de-
grees with the oblique side of the first partial plate elec-
trode 192h. Further, ends of the first minute branch elec-
trodes 193h are not connected to each other to protrude
outwards. However, if the ends of the first minute branch
electrodes 193h are connected to each other to be
closed, directions of liquid crystal molecules of the liquid
crystal layer 3 to be aligned by an electric field are differ-
ent from directions of the liquid crystal molecules to be
aligned by the closed ends, and as a result, a response
speed of the liquid crystal molecules may be delayed.
Therefore, in the exemplary embodiment of the present
invention, the ends of the first minute branch electrodes
193h are not connected to each other but protrude out-
wards to have a structure in which opening regions be-
tween the first minute branch electrodes 193h are
opened. As a result, the liquid crystal molecules may be
aligned in the directions to be aligned by the electric field
without other resistance, thereby improving the response
speed of the liquid crystal molecules and reducing tex-
tures.
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[0238] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 185h of the passivation layer to be over-
lapped with the first inclined portion 185h of the passiva-
tion layer in the plurality of first minute branch electrodes
193h. That is, the connecting terminal of the first minute
branch electrode 193his overlapped with the firstinclined
portion 185h of the passivation layer by a predetermined
distance. Therefore, the vicinity of the connecting termi-
nal of the first minute branch electrode 193h has the in-
clination provided by the first inclined portion 185h of the
passivation layer as it is, and a flat structure is formed
up to the end from the vicinity of the connecting terminal.
The end portion of the first minute branch electrode 193h
and the first inclined portion 185h of the passivation layer
overlap each other and thus liquid crystal control force
of the corresponding portion is further increased, and as
a result, the liquid crystal molecules may rapidly operate
by the electric field. As a result, the response speed of
the liquid crystal molecules is improved. However, when
alength of the first minute branch electrode 193his overly
increased and thus an overlapped distance is too large,
atexture due to a slit structure may occur, and as aresult,
the overlapped distance needs to be set at a predeter-
mined level or less. In the exemplary embodiment, the
longest electrode of the first minute branch electrodes
193h may have a length of more than 50 pm and 68 pm
or less, and a size of the pixel is determined according
to a characteristic of the display device. When a size of
the quadrangular region is determined according to the
size of the pixel, the length of the longest electrode of
the first minute branch electrodes 193h may be selected
and used in the range of more than 50 um and 68 pum or
less. However, according to an exemplary embodiment,
an exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the first
minute branch electrodes 193h may have a value of be-
tween 25% and 35% of an oblique length of the entire
quadrangular region, and a length of the longest elec-
trode of the first minute branch electrodes 193h that is
overlapped with the first inclined portion 185h may have
a value of between 0% and 10% of the oblique length of
the entire quadrangular region.

[0239] The second partial plate electrode 1921 of the
second subpixel electrode 1911 has a rhombus shape, a
center thereof is positioned at the center of the quadran-
gular region, and each vertex of the rhombus shape is
formed at a predetermined distance from a boundary of
the quadrangular region. Further, the second partial plate
electrode 192l covers a part from the center of the second
inclined portion 185l of the passivation layer. As a result,
the second partial plate electrode 192 has an inclination
provided by the second inclined portion 185l of the pas-
sivation layer as it is.

[0240] The second subpixel electrode 1911 has a sec-
ond extension 194l extending from each vertex of the
rhombus shape of the second partial plate electrode 192I
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in a vertical or horizontal direction (in a parallel or vertical
direction to the gate line 121 or the data line 171). The
second extension 194l extends in the vertical or horizon-
tal direction to meeta boundary of the two-divided square
regions. As a result, the second extension 194] meets
the vertex of the rhombus structure of the second inclined
portion 185l of the passivation layer on the plan view so
as to be vertically overlapped with each other.

[0241] The plurality of second minute branch elec-
trodes 193I extends from an oblique side of the second
partial plate electrode 192| and the second extension
1941. The plurality of second minute branch electrodes
193l fills the rest of the quadrangular region, forms an
angle of 45 degrees with the second extension 194l (or
the gate line 121 or the data line 171), and forms an angle
of 90 degrees with the oblique side of the second partial
plate electrode 192I. Further, ends of the second minute
branch electrodes 193l are not connected to each other
to protrude outwards. However, if the ends of the second
minute branch electrodes 193l are connected to each
other to be closed, directions of liquid crystal molecules
of the liquid crystal layer 3 to be aligned by an electric
field are different from directions of the liquid crystal mol-
ecules to be aligned by the closed ends, and as a result,
a response speed of the liquid crystal molecules may be
delayed. Therefore, in the exemplary embodiment of the
present invention, the ends of the second minute branch
electrodes 193l are not connected to each other but pro-
trude outwards to have a structure in which opening re-
gions between the second minute branch electrodes 1931
are opened. As a result, the liquid crystal molecules may
be aligned in the directions to be aligned by the electric
field without other resistance, thereby improving the re-
sponse speed of the liquid crystal molecules and reduc-
ing textures.

[0242] Further, a connecting terminal connected with
the oblique side of the second partial plate electrode 192|
and the second extension 194l is positioned above the
second inclined portion 1851 of the passivation layer to
be overlapped with each other in the plurality of second
minute branch electrodes 193l. That is, the connecting
terminal of the second minute branch electrode 193l is
overlapped with the second inclined portion 185l of the
passivation layer by a predetermined distance. There-
fore, the vicinity of the connecting terminal of the second
minute branch electrode 193l has the inclination provided
by the second inclined portion 185l of the passivation
layer as it is, and a flat structure is formed up to the end
from the vicinity of the connecting terminal. The end por-
tion of the second minute branch electrode 1931 and the
second inclined portion 1851 of the passivation layer over-
lap each other and thus liquid crystal control force of the
corresponding portion is further increased, and as a re-
sult, the liquid crystal molecules may rapidly operate by
the electric field. As a result, the response speed of the
liquid crystal molecules is improved. However, when
lengths of the second minute branch electrodes 193l are
overly increased and thus overlapped distances are too
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large, a texture due to a slit structure may occur, and as
a result, the overlapped distances need to be set at a
predetermined level or less. In the exemplary embodi-
ment, the longest electrode of the second minute branch
electrodes 1931 may have a length of more than 50 pum
and 68 um or less, and a size of the pixel is determined
according to a characteristic of the display device. When
a size of the square region is determined according to
the size of the pixel, the length of the longest electrode
of the second minute branch electrodes 193 may be se-
lected and used in the range of more than 50 u.m and 68
pwm orless. However, according to an exemplary embod-
iment, an exemplary embodiment beyond the above
range may also exist. The length of the longest electrode
of the second minute branch electrodes 1931 may have
a value of between 25% and 35% of an oblique length
of the entire square region, and a length of the longest
electrode of the second minute branch electrodes 193l
that is overlapped with the second inclined portion 185l
may have a value of between 0% and 10% of the oblique
length of the entire square region.

[0243] A light blocking member and a common elec-
trode may be formed on the upper panel 200. A color
filter may be formed on the upper panel 200.

[0244] The common electrode formed on the upper
panel 200 is made of a transparent conductive material
and may include a liquid crystal control means and an
additional liquid crystal control means.

[0245] Cutouts 275h, 275l as the liquid crystal control
means are formed in a cross shape at the common elec-
trode 270. A cross point in the cross structure of the first
cutout 275h is overlapped with the center of the rhombus
shape of the first partial plate electrode 192h of the lower
panel 100 or the center of the rhombus shape of the first
inclined portion 185h of the passivation layer. Further,
the cross structure of the second cutout 275l is over-
lapped with the center of the rhombus shape of the sec-
ond partial plate electrode 192l of the lower panel 100 or
the center of the rhombus shape of the second inclined
portion 185l of the passivation layer, respectively. Fur-
ther, the cutouts 275h, 275l positioned at the adjacent
pixels extend to be connected with each other. The cut-
outs 275h, 275l serve to improve the control force of the
liquid crystal molecules.

[0246] Further, the additional liquid crystal control
means is positioned near the cross point of the cross
structure of the cutouts 275h, 275! in the common elec-
trode 270. In the exemplary embodiment of FIG. 28,
rhombus cutout patterns 276h, 2761 are formed as the
additional liquid crystal control means. The rhombus cut-
out patterns 276h, 2761 have sides which are parallel to
the rhombus shapes of the partial plate electrodes 192h,
192 of the lower panel 100 or the rhombus shapes of
the second inclined portions 185h, 1851 of the passivation
layer on the plan view. The sizes of the rhombus cutout
patterns 276h, 2761 may be various according to an ex-
emplary embodiment. If the sizes are too small, a role as
the liquid crystal control means is slight, and if the sizes
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are too large, transmittance deteriorates, and as a result,
the rhombus cutout patterns 276h, 2761 may be formed
with appropriate sizes according to an exemplary em-
bodiment. According to the rhombus cutout patterns
276h, 276l which are the additional liquid crystal control
means, the cutouts 275h, 275 positioned at the common
electrode 270 extend only in the vertical or horizontal
direction, and as a result, the liquid crystal control force
of a direction of 45 degrees with the direction may dete-
riorate. Accordingly, the liquid crystal control force of the
direction of 45 degrees is improved by forming an addi-
tional rhombus-shaped liquid crystal control means
(rhombus cutout patterns 276h, 276l), and as a result,
the liquid crystal molecules are rapidly aligned by the
electric field and thus the response speed is improved.
[0247] An alignment layer (notillustrated) is formed at
inner sides of the lower panel 100 and the upper panel
200. The alignment layer may be a vertical alignment
layer and may be an alignment layer photo-aligned by
using a photopolymerization material.

[0248] Polarizers (notillustrated) are provided on outer
sides of the two panels 100, 200, and transmissive axes
of the two polarizers are perpendicular to each other and
one transmissive axis thereof may be parallel to the gate
line 121.

[0249] Theliquid crystal layer 3 has negative dielectric
anisotropy between the lower panel 100 and the upper
panel 200, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned so that long axes are vertical
to the surfaces of the two panels 100, 200 while an electric
field is not applied.

[0250] A polymer polymerized by light such as ultravi-
olet light is not included in the liquid crystal layer 3 ac-
cording to the exemplary embodiment of FIG. 28. How-
ever, according to an exemplary embodiment, a polymer
polymerized by light such as ultraviolet light may be fur-
ther included. This will be described with reference to
FIG. 34.

[0251] The first and second subpixel electrodes 191h,
1911 form first and second liquid crystal capacitors (Clca,
Clcb of FIG. 27) together with the common electrode of
the upper panel and the liquid crystal layer therebetween
to maintain the applied voltage even after the first and
second thinfilm transistors (Qa, Qb of FIG. 27) are turned
off.

[0252] The first and second subpixel electrodes 191h,
1911 are overlapped with the storage electrodes 135a,
135btoformthe firstand second storage capacitors Csta,
Cstb, and reinforce voltage maintaining capacity of the
first and second liquid crystal capacitors Clca, Clcb.
[0253] Hereinafter, a structure in which two subpixels
receive different data voltages from respective transis-
tors Qa, Qb, respectively will be described with reference
to FIGs. 29 and 30.

[0254] FIG. 29 is an equivalent circuit diagram of one
pixel of the liquid crystal display device according to an
exemplary embodiment of the present invention, and
FIG. 30 is a layout view of a lower panel of the liquid
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crystal display device according to the exemplary em-
bodiment of the present invention.

[0255] Referring to FIGs. 29 and 30, a liquid crystal
display device according to an exemplary embodiment
of the present invention includes a lower panel 100 and
an upper panel 200 facing each other, and a liquid crystal
layer 3 interposed between the two panels 100, 200.
[0256] First, the lower panel 100 will be described.
[0257] A plurality of gate lines 121 and a plurality of
storage electrode lines 131, 135 are formed on an insu-
lation substrate 110.

[0258] The gate lines 121 transfer gate signals and ex-
tend mainly in a horizontal direction. Each gate line 121
includes a plurality of first and second gate electrodes
124a, 124b protruding upwards.

[0259] The storage electrode line includes a stem 131
extending to be substantially parallel to the gate line 121
and a plurality of storage electrodes 135 extending from
the stem 131.

[0260] Shapes and layouts of the storage electrode
lines 131, 135 may be varied.

[0261] A gateinsulatinglayer 140 is formed on the gate
line 121 and the storage electrode lines 131, 135, and a
plurality of semiconductors 154a, 154b made of amor-
phous or crystalline silicon is formed on the gate insulat-
ing layer 140.

[0262] A plurality of pairs of ohmic contacts is formed
on the semiconductors 154a, 154b, and the ohmic con-
tacts may be made of silicide or a material such as n+
hydrogenated amorphous silicon in which n-type impurity
is doped at high concentration.

[0263] A plurality of pairs of data lines 171a, 171b and
a plurality of pairs of first and second drain electrodes
175a, 175b are formed on the ohmic contacts and the
gate insulating layer 140.

[0264] The datalines 171a, 171b transfer data signals
and mainly extend in a vertical direction to cross the gate
lines 121 and the stems of the storage electrode lines
131. The data lines 171a, 171b include first and second
source electrodes 173a, 173b which extend toward the
first and second gate electrodes 124a, 124b to be curved
in a U-lettered form, and the first and second source elec-
trodes 173a, 173b face the first and second drain elec-
trodes 175a, 175b based upon the first and second gate
electrodes 124a, 124b.

[0265] The first and second drain electrodes 175a,
175b extend upwards from ends which are partially sur-
rounded by the first and second source electrodes 173a,
173b, respectively, and the opposite ends may have a
wide area for connection with other layers.

[0266] However, shapes and layouts of the data lines
171a, 171b in addition to the first and second drain elec-
trodes 175a, 175b may be varied.

[0267] The first and second gate electrodes 124a,
124b, the first and second source electrodes 173a, 173b,
and the first and second drain electrodes 175a, 175b
form first and second thin film transistors (TFTs) Qa, Qb
together with the first and second semiconductors 154a,
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154b, respectively, and channels of the first and second
thin film transistors Qa, Qb are formed in the first and
second semiconductors 154a, 154b between the firstand
second source electrodes 173a, 173b and the first and
second drain electrodes 175a, 175b.

[0268] The ohmic contacts exist only among the sem-
iconductors 154a, 154b therebelow, the data lines 171a,
171b thereabove, and the drain electrodes 175a, 175b
to lower contact resistance therebetween. Exposed por-
tions which are not covered by the data lines 171a, 171b
andthe drain electrodes 175a, 175b in addition to a space
between the source electrodes 173a, 173b, and the drain
electrodes 175a, 175b are present at the semiconductors
154a, 154b.

[0269] A passivation layer (notillustrated) is formed on
the data lines 171a, 171b, the drain electrodes 175a,
175b, and the exposed portions of the semiconductors
154a, 154b. The passivation layer is made of an organic
insulator or the like and includes inclined portions 185h,
185I. The surface of the passivation layer except for the
inclined portions 185h, 185l is flat. In the exemplary em-
bodiment of FIG. 30, the inclined portions 185h, 1851 are
formed on the passivation layer, which is different from
the exemplary embodiment in which the inclined portions
are formed on the color filter 230 of FIG. 1.

[0270] The inclined portions 185h, 185l are positioned
in a partial region of a portion overlapped with the first
and second subpixel electrodes 191h, 191l and have a
structure in which heights thereof are changed. The in-
clined portions 185h, 185] have rhombus structures as
illustrated in FIG. 30. The rhombus structure of the first
inclined portion 185h may be formed so that a vertex is
in contact with a boundary of a quadrangular region oc-
cupied by the first partial plate electrode 192h, and ac-
cording to an exemplary embodiment, the vertex may not
be in contact with the boundary. Further, the rhombus
structure of the second inclined portion 1851 may be
formed so that a vertex is in contact with a boundary of
a quadrangular region occupied by the second partial
plate electrode 1921, and according to an exemplary em-
bodiment, the vertex may not be in contact with the
boundary. Further, according to an exemplary embodi-
ment, the region in which the rhombus structure is posi-
tioned may also have a square or rectangular region. The
inclined portions 185h, 185l have structures in which
heights are gradually decreased toward the center from
a side of the rhombus structure. The inclined portions
185h, 1851 have structures in which the heights are de-
creased at a predetermined slope from one side to the
center, and as the heights are decreased, the widths are
decreased. An organic insulator may not be formed at
the centers of the inclined portions 185h, 1851 having the
rhombus structures, and according to an exemplary em-
bodiment, an opening in which the organic insulator is
not formed may be included in a predetermined region
near the center.

[0271] A color filter may be formed below the passiva-
tion layer, and the color filter may be positioned on the
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upper panel. Further, unlike FIG. 30, the inclined portions
as illustrated in FIG. 1 may be positioned at the color filter
positioned below the passivation layer. In this case, the
inclined portions may not be formed at the passivation
layer.

[0272] A plurality of pixel electrodes 191 is formed on
the passivation layer. Each pixel electrode 191 includes
a first subpixel electrode 191h and a second subpixel
electrode 1911 which are formed at a predetermined dis-
tance.

[0273] The first subpixel electrode 191h and the sec-
ond subpixel electrode 191l include partial plate elec-
trodes 192h, 192| positioned at the centers thereof, ex-
tensions 194h, 194| extending from the partial plate elec-
trodes 192h, 192l in a vertical or horizontal direction, and
a plurality of minute branch electrodes 193h, 193l pro-
truding from the partial plate electrodes 192h, 192| and
the extensions 194h, 194l in an oblique direction, respec-
tively.

[0274] The first subpixel electrode 191h includes the
first partial plate electrode 192h and the plurality of first
minute branch electrodes 193h, and is connected with a
wide end portion of the drain electrode 175 by a connect-
ing portion extended outside the quadrangular region.
[0275] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned at the cent-
er of the quadrangular region, and each vertex of the
rhombus shape is formed at a predetermined distance
from a boundary of the quadrangular region. Further, the
first partial plate electrode 192h covers a part from the
center of the first inclined portion 185h of the passivation
layer. As a result, the first partial plate electrode 192h
has an inclination provided by the first inclined portion
185h of the passivation layer as it is.

[0276] The first subpixel electrode 191h has a first ex-
tension 194h extending from each vertex of the rhombus
shape of the first partial plate electrode 192h in a vertical
or horizontal direction (in a parallel or vertical direction
to the gate line 121 or the data line 171). The first exten-
sion 194h extends in the vertical or horizontal direction
to meet a boundary of the quadrangular region occupied
by the first subpixel electrode 191h. As a result, the first
extension 194h meets the vertex of the rhombus struc-
ture of the first inclined portion 185h of the passivation
layer on the plan view so as to be vertically overlapped
with each other.

[0277] The plurality of first minute branch electrodes
193h extends from the oblique side of the first partial
plate electrode 192h and the first extension 194h. The
plurality of first minute branch electrodes 193h fills the
rest of the quadrangular region, forms an angle of 45
degrees with the first extension 194h (or the gate line
121 or the data line 171), and forms an angle of 90 de-
grees with the oblique side of the first partial plate elec-
trode 192h. Further, ends of the first minute branch elec-
trodes 193h are not connected to each other to protrude
outwards. However, if the ends of the first minute branch
electrodes 193h are connected to each other to be



43

closed, directions of liquid crystal molecules of the liquid
crystal layer 3 to be aligned by an electric field are differ-
ent from directions of the liquid crystal molecules to be
aligned by the closed ends, and as a result, a response
speed of the liquid crystal molecules may be delayed.
Therefore, in the exemplary embodiment of the present
invention, the ends of the first minute branch electrodes
193h are not connected to each other but protrude out-
wards to have a structure in which opening regions be-
tween the first minute branch electrodes 193h are
opened. As a result, the liquid crystal molecules may be
aligned in the directions to be aligned by the electric field
without other resistance, thereby improving the response
speed of the liquid crystal molecules and reducing tex-
tures.

[0278] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 185h of the passivation layer to be over-
lapped with each other in the plurality of first minute
branch electrodes 193h. That is, the connecting terminal
of the first minute branch electrode 193h is overlapped
with the first inclined portion 185h of the passivation layer
by a predetermined distance. Therefore, the vicinity of
the connecting terminal of the first minute branch elec-
trode 193h has the inclination provided by the first in-
clined portion 185h of the passivation layer as it is, and
a flat structure is formed up to the end from the vicinity
of the connecting terminal. The end portion of the first
minute branch electrode 193h and the first inclined por-
tion 185h of the passivation layer overlap each other and
thus liquid crystal control force of the corresponding por-
tion is further increased, and as a result, the liquid crystal
molecules may rapidly operate by the electric field. As a
result, the response speed of the liquid crystal molecules
is improved. However, when a length of the first minute
branch electrode 193h is overly increased and thus an
overlapped distance is too large, a texture due to a slit
structure may occur, and as a result, the overlapped dis-
tance needs to be set at a predetermined level or less.
In the exemplary embodiment, the longest electrode of
the first minute branch electrodes 193h may have a
length of more than 50 um and 68 wm or less, and a size
of the pixel is determined according to a characteristic of
the display device. When a size of the quadrangular re-
gion is determined according to the size of the pixel, the
length of the longest electrode of the first minute branch
electrodes 193h may be selected and used in the range
of more than 50 um and 68 pm or less. However, ac-
cording to an exemplary embodiment, an exemplary em-
bodiment beyond the above range may also exist. The
length of the longest electrode of the first minute branch
electrodes 193h may have a value of between 25% and
35% of an oblique length of the entire quadrangular re-
gion, and a length of the longest electrode of the first
minute branch electrodes 193h that is overlapped with
the first inclined portion 185h may have a value of be-
tween 0% and 10% of the oblique length of the entire
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quadrangular region.

[0279] The second partial plate electrode 192| of the
second subpixel electrode 1911 has a rhombus shape, a
center thereof is positioned at the center of the quadran-
gular region, and each vertex of the rhombus shape is
formed at a predetermined distance from a boundary of
the quadrangular region. Further, the second partial plate
electrode 192l covers a part from the center of the second
inclined portion 185l of the passivation layer. As a result,
the second partial plate electrode 192 has an inclination
provided by the second inclined portion 185l of the pas-
sivation layer as it is.

[0280] The second subpixel electrode 1911 has a sec-
ond extension 194l extending from each vertex of the
rhombus shape of the second partial plate electrode 192I
in a vertical or horizontal direction (in a parallel or vertical
direction to the gate line 121 or the data line 171). The
second extension 194l extends in the vertical or horizon-
tal direction to meet a boundary of the two-divided square
regions. As a result, the second extension 194] meets
the vertex of the rhombus structure of the second inclined
portion 1851 of the passivation layer on the plan view so
as to be vertically overlapped with each other.

[0281] The plurality of second minute branch elec-
trodes 193l extends from an oblique side of the second
partial plate electrode 192l and the second extension
194l. The plurality of second minute branch electrodes
193l fills the rest of the quadrangular region, forms an
angle of 45 degrees with the second extension 194l (or
the gate line 121 or the data line 171), and forms an angle
of 90 degrees with the oblique side of the second partial
plate electrode 192I. Further, ends of the second minute
branch electrodes 1931 are not connected to each other
to protrude outwards. However, if the ends of the second
minute branch electrodes 193l are connected to each
other to be closed, directions of liquid crystal molecules
of the liquid crystal layer 3 to be aligned by an electric
field are different from directions of the liquid crystal mol-
ecules to be aligned by the closed ends, and as a result,
a response speed of the liquid crystal molecules may be
delayed. Therefore, in the exemplary embodiment of the
present invention, the ends of the second minute branch
electrodes 193l are not connected to each other but pro-
trude outwards to have a structure in which opening re-
gions between the second minute branch electrodes 1931
are opened. As a result, the liquid crystal molecules may
be aligned in the directions to be aligned by the electric
field without other resistance, thereby improving the re-
sponse speed of the liquid crystal molecules and reduc-
ing textures.

[0282] Further, a connecting terminal connected with
the oblique side of the second partial plate electrode 1921
and the second extension 194l is positioned above the
second inclined portion 185l of the passivation layer to
be overlapped with the second inclined portion 185l of
the passivation layer in the plurality of second minute
branch electrodes 193I. That is, the connecting terminal
ofthe second minute branch electrode 193l is overlapped
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with the second inclined portion 185l of the passivation
layer by a predetermined distance. Therefore, the vicinity
of the connecting terminal of the second minute branch
electrode 193l has the inclination provided by the second
inclined portion 1851 of the passivation layer as it is, and
a flat structure is formed up to the end from the vicinity
of the connecting terminal. The end portion of the second
minute branch electrode 193l and the second inclined
portion 185l of the passivation layer overlap each other
and thus liquid crystal control force of the corresponding
portion is further increased, and as a result, the liquid
crystal molecules may rapidly operate by the electric
field. As a result, the response speed of the liquid crystal
molecules is improved. However, when a length of the
second minute branch electrode 193l is overly increased
and thus an overlapped distance is too large, a texture
due to a slit structure may occur, and as a result, the
overlapped distance needs to be set at a predetermined
level or less. In the exemplary embodiment, the longest
electrode of the second minute branch electrodes 193l
may have a length of more than 50 um and 68 um or
less, and a size of the pixel is determined according to a
characteristic of the display device. When a size of the
square region is determined according to the size of the
pixel, the length of the longest electrode of the second
minute branch electrodes 1931 may be selected and used
in the range of more than 50 pm and 68 um or less.
However, according to an exemplary embodiment, an
exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the sec-
ond minute branch electrodes 193 may have a value of
between 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the second minute branch electrodes 193l that is over-
lapped with the second inclined portion 1851 may have
a value of between 0% and 10% of the oblique length of
the entire square region.

[0283] A light blocking member and a common elec-
trode may be formed on the upper panel 200. A color
filter may be formed on the upper panel 200.

[0284] The common electrode formed on the upper
panel 200 is made of a transparent conductive material
and may include a liquid crystal control means and an
additional liquid crystal control means.

[0285] Cutouts 275h, 2751 as the liquid crystal control
means are formed in a cross shape at the common elec-
trode 270. A cross point in the cross structure of the first
cutout 275h is overlapped with the center of the rhombus
shape of the first partial plate electrode 192h of the lower
panel 100 or the center of the rhombus shape of the first
inclined portion 185h of the passivation layer. Further,
the cross structure of the second cutout 275l is over-
lapped with the center of the rhombus shape of the sec-
ond partial plate electrode 192l of the lower panel 100 or
the center of the rhombus shape of the second inclined
portion 185l of the passivation layer, respectively. Fur-
ther, the cutouts 275h, 2751 positioned at the adjacent
pixels may be extended to be connected with each other.
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The cutouts 275h, 2751 serve to improve the control force
of the liquid crystal molecules.

[0286] Further, the additional liquid crystal control
means is positioned near the cross point of the cross
structure of the cutouts 275h, 2751 in the common elec-
trode 270. In the exemplary embodiment of FIG. 30,
rhombus cutout patterns 276h, 2761 are formed as the
additional liquid crystal control means. The rhombus cut-
out patterns 276h, 2761 have sides which are parallel to
the rhombus shapes of the partial plate electrodes 192h,
192| of the lower panel 100 or the rhombus shapes of
the second inclined portions 185h, 1851 of the passivation
layer on the plan view. The sizes of the rhombus cutout
patterns 276h, 2761 may be various according to an ex-
emplary embodiment. If the sizes are too small, a role as
the liquid crystal control means is slight, and if the sizes
are too large, transmittance deteriorates, and as a result,
the rhombus cutout patterns 276h, 2761 may be formed
with appropriate sizes according to an exemplary em-
bodiment. According to the rhombus cutout patterns
276h, 2761 which are the additional liquid crystal control
means, the cutouts 275h, 2751 positioned at the common
electrode 270 extend only in the vertical or horizontal
direction, and as a result, the liquid crystal control force
of a direction of 45 degrees with the direction may dete-
riorate. Accordingly, the liquid crystal control force of the
direction of 45 degrees is improved by forming an addi-
tional rhombus-shaped liquid crystal control means (the
rhombus cutout patterns 276h, 2761), and as a result,
the liquid crystal molecules are rapidly aligned by the
electric field and thus the response speed is improved.

[0287] An alignment layer (not illustrated) is formed at
inner sides of the lower panel 100 and the upper panel
200. The alignment layer may be a vertical alignment
layer and may be an alignment layer photo-aligned by
using a photopolymerization material.

[0288] Polarizers (notillustrated) are provided on outer
sides of the two panels 100, 200, and transmissive axes
of the two polarizers are perpendicular to each other and
one transmissive axis thereof may be parallel to the gate
line 121.

[0289] The liquid crystal layer 3 has negative dielectric
anisotropy between the lower panel 100 and the upper
panel 200, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned so that long axes are vertical
tothe surfaces of the two panels 100, 200 while an electric
field is not applied.

[0290] A polymer polymerized by light such as ultravi-
olet light is not included in the liquid crystal layer 3 ac-
cording to the exemplary embodiment of FIG. 30. How-
ever, according to an exemplary embodiment, a polymer
polymerized by light such as ultraviolet light may be fur-
ther included. This will be described with reference to
FIG. 34.

[0291] The first and second subpixel electrodes 191h,
1911 form first and second liquid crystal capacitors to-
gether with the common electrode of the upper paneland
the liquid crystal layer therebetween to maintain the ap-
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plied voltage even after a thin film transistor (Q of FIG.
29) is turned off.

[0292] The first and second subpixel electrodes 191h,
1911 are overlapped with the storage electrodes 135a,
135btoformthe firstand second storage capacitors Csta,
Cstb, and reinforce voltage maintaining capacity of the
first and second liquid crystal capacitors Clca, Clcb.
[0293] Hereinafter, a structure in which grayscales dis-
played by each subpixel are changed by capacitors Csa,
Csb connected to a power supply line in which a voltage
swings after two subpixels receive the same data voltage
from transistors Qa, Qb will be described with reference
to FIGs. 31 and 32.

[0294] FIG. 31 is an equivalent circuit diagram of one
pixel of a liquid crystal display device according to an
exemplary embodiment of the present invention, and
FIG. 32 is a layout view of a lower panel of the liquid
crystal display device according to the exemplary em-
bodiment of the present invention.

[0295] The liquid crystal display device according to
an exemplary embodiment of the present invention in-
cludes a gate line GL, a data line DL, a first power supply
line SL1, a second power supply line SL2, and a first
switching element Qa and a second switching element
Qb which are connected to the gate line GL and the data
line DL, as illustrated in FIG. 31.

[0296] The liquid crystal display device according to
an exemplary embodiment of the present invention fur-
ther includes an auxiliary step-up capacitor Csa and a
first liquid crystal capacitor Clca which are connected to
the first switching element Qa, and an auxiliary step-
down capacitor Csb and a second liquid crystal capacitor
Clcb which are connected to the second switching ele-
ment Qb.

[0297] The first switching element Qa and the second
switching element Qb are constituted by three-terminal
elements such as a thin film transistor. The first switching
element Qa and the second switching element Qb are
connected to the same gate line GL and the same data
line DL and turned on at the same timing to output the
same data signal.

[0298] Voltages, which swing at a regular period, are
applied to the first power supply line SL1 and the second
power supply line SL2. A first low voltage is applied to
the first power supply line SL1 for a predetermined period
(for example, 1H), and a first high voltage is applied to
the first power supply line SL1 for the next predetermined
period. A second high voltage is applied to the second
power supply line SL2 for a predetermined period, and
the second low voltage is applied to second power supply
line SL2 for the next predetermined period. In this case,
a first period and a second period are repeated many
times for one frame and thus the swing voltages are ap-
plied to the first power supply line SL1 and the second
power supply line SL2. In this case, the first low voltage
and the second low voltage are the same as each other,
and the first high voltage and the second high voltage
may be the same as each other.

10

15

20

25

30

35

40

45

50

55

25

EP 2 743 759 B1 48

[0299] The auxiliary step-up capacitor Csa is connect-
ed to the first switching element Qa and the first power
supply line SL1, and the auxiliary step-down capacitor
Csb is connected to the second switching element Qb
and the second power supply line SL2.

[0300] A voltage Va of a terminal (hereinafter, referred
to as a first terminal’) of a portion where the auxiliary
step-up capacitor Csa is connected with the first switch-
ing element Qa is decreased when the first low voltage
is applied to the first power supply line SL1 and increased
when the first high voltage is applied to the first power
supply line SL1. Thereafter, as the voltage of the first
power supply line SL1 swings, the voltage Va of the first
terminal swings.

[0301] A voltage Vb of a terminal (hereinafter, referred
to as a'second terminal’) of a portion where the auxiliary
step-down capacitor Csb is connected with the second
switching element Qb is increased when the second high
voltage is applied to the second power supply line SL2
and decreased when the second low voltage is applied
to the second power supply line SL2.. Thereafter, as the
voltage of the second power supply line SL2 swings, the
voltage Vb of a second terminal swings.

[0302] As such, even though the same data voltage is
applied to the two subpixels, the voltages Va, Vb of the
pixel electrode of the two subpixels are changed accord-
ing to magnitudes of the swing voltages in the first and
second power supply lines SL1, SL2, and as a result,
transmittances of two subpixels may be different from
each other and side visibility may be improved.

[0303] Hereinafter, astructure of a liquid crystal display
device according to another exemplary embodiment of
the present invention will be described with reference to
FIG. 32.

[0304] A plurality of gate lines 121, afirst power supply
line 131a, and a second power supply line 131b are
formed on a first substrate (notillustrated) made of trans-
parent glass or plastic.

[0305] The gatelines 121 transfer gate signals and ex-
tend mainly in a horizontal direction. The gate line 121
includes a first gate electrode 124a protruding upward
and a second gate electrode 124b protruding downward.
[0306] Voltages which swing at a regular period are
applied to the first power supply line 131a and the second
power supply line 131b.

[0307] A first low voltage is applied to the first power
supply line 131a for a predetermined period (for example,
1H), and a first high voltage is applied to the first power
supply line 131a for the next predetermined period. A
second high voltage is applied to the second power sup-
ply line 131b for a predetermined period, and a second
low voltage is applied to the second power supply line
131b for the next predetermined period. In this case, a
first period and a second period are repeated many times
for one frame and thus the swing voltages are applied to
the first power supply line 131a and the second power
supply line 131b. In this case, the first low voltage and
the second low voltage are the same as each other, and
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the first high voltage and the second high voltage may
be the same as each other.

[0308] The first power supply line 131a may be formed
above the gate line 121, and the second power supply
line 131b may be formed below the gate line 121.
[0309] A gateinsulatinglayer (notillustrated) is formed
on the gate line 121, the first power supply line 131a, and
the second power supply line 131b. An island-shaped
semiconductor (not illustrated) is formed on the gate in-
sulating layer. The semiconductors are positioned on the
first and second gate electrodes 124a, 124b, respective-
ly.

[0310] A plurality of data lines 171, a first source elec-
trode 173a, a second source electrode 173b, a first drain
electrode 175a, and a second drain electrode 175b are
formed on the semiconductor and the gate insulating lay-
er.

[0311] The data lines 171 transfer data signals and
mainly extend in a vertical direction to cross the gate lines
121 and the power supply lines 131a, 131b. The data
line 171 illustrated in FIG. 32 is not formed in a straight
line form. The data line 171 is constituted by a first sub
data line 171a and a second sub data line 171b which
are connected to each other, and the first sub data line
171a and the second sub data line 171b are placed on
differentlines. The first sub dataline 171ais formed along
an edge of the pixel electrode 191 adjacent to the right
of the data line 171, and the second sub data line 171b
is formed along an edge of the pixel electrode 191 adja-
cent to the left of the data line 171.

[0312] The first source electrode 173a and the second
source electrode 173b are formed to protrude above the
first gate electrode 124a and the second gate electrode
124b from the dataline 171, respectively. The first source
electrode 173a and the second source electrode 173b
are formed to protrude from the same data line 171 to
receive the same data voltage. The first source electrode
173a and the second source electrode 173b may be
formed in a U-lettered form.

[0313] The first drain electrode 175a is spaced apart
from the first source electrode 173a, and includes a rod-
shaped end portion facing the first source electrode 173a
based upon the first gate electrode 124a and an expan-
sion expanded so as to be partially overlapped with the
first power supply line 131a. The rod-shaped end portion
of the first drain electrode 175a is partially surrounded
by the U-shaped first source electrode 173a. Further, the
expansion of the first drain electrode 175a has a cross
shape.

[0314] The second drain electrode 175b is spaced
apart from the second source electrode 173b, and in-
cludes a rod-shaped end portion facing the second
source electrode 173b based upon the second gate elec-
trode 124b and an expansion expanded so as to be par-
tially overlapped with the second power supply line 131b.
The rod-shaped end portion of the second drain electrode
175b is partially surrounded by the U-shaped second
source electrode 173b. Further, the expansion of the sec-
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ond drain electrode 175b has a cross shape.

[0315] The first gate electrode 124a, the first source
electrode 173a, and the first drain electrode 175a form
the first switching element (Qa of FIG. 31), and the sec-
ond gate electrode 124b, the second source electrode
173b, and the second drain electrode 175b form the sec-
ond switching element (Qb of FIG. 31).

[0316] A passivation layer (notillustrated) is formed on
the data line 171, the first and second source electrodes
173a, 173b, and the first and second drain electrodes
175a, 175b. The passivation layer is made of an organic
insulator or the like and includes inclined portions 185h,
1851. The surface of the passivation layer except for the
inclined portions 185h, 1851 is flat. In the exemplary em-
bodiment of FIG. 30, the inclined portions 185h, 185l are
formed on the passivation layer, which is different from
the exemplary embodiment in which the inclined portions
are formed on the color filter 230 of FIG. 1.

[0317] Theinclined portions 185h, 185l are positioned
in a partial region of a portion overlapped with the first
and second subpixel electrodes 191h, 1911 and have a
structure in which heights thereof are changed. The in-
clined portions 185h and 185| have rhombus structures
as illustrated in FIG. 30. The rhombus structure of the
firstinclined portion 185h may be formed so that a vertex
is in contact with a boundary of a quadrangular region
occupied by the first partial plate electrode 192h, and
according to an exemplary embodiment, the vertex may
not be in contact with the boundary. Further, the rhombus
structure of the second inclined portion 1851 may be
formed so that a vertex is in contact with a boundary of
a quadrangular region occupied by the second partial
plate electrode 1921, and according to an exemplary em-
bodiment, the vertex may not be in contact with the
boundary. Further, according to an exemplary embodi-
ment, the region in which the rhombus structure is posi-
tioned may also have a square or rectangularregion. The
inclined portions 185h, 1851 have structures in which
heights are gradually decreased toward the center from
a side of the rhombus structure. The inclined portions
185h, 1851 have structures in which the heights are de-
creased at a predetermined slope from one side to the
center, and as the heights are decreased, the widths are
decreased. An organic insulator may not be formed at
the centers of the inclined portions 185h, 1851 having
the rhombus structures, and according to an exemplary
embodiment, an opening in which the organic insulator
is not formed may be included in a predetermined region
near the center.

[0318] A color filter may be formed below the passiva-
tion layer, and the color filter may be positioned on the
upper panel. Further, unlike FIG. 30, the inclined portions
as illustrated in FIG. 1 may be positioned at the color filter
positioned below the passivation layer. In this case, the
inclined portions may not be formed at the passivation
layer.

[0319] A plurality of pixel electrodes 191 is formed on
the passivation layer. Each pixel electrode 191 includes
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a first subpixel electrode 191h and a second subpixel
electrode 1911 which are formed at a predetermined dis-
tance.

[0320] The first subpixel electrode 191h and the sec-
ond subpixel electrode 1911 include partial plate elec-
trodes 192h, 1921 positioned at the centers thereof, ex-
tensions 194h, 1941 extending from the partial plate elec-
trodes 192h, 1921 in a vertical or horizontal direction,
and a plurality of minute branch electrodes 193h, 1931
protruding from the partial plate electrodes 192h, 1921
and the extensions 194h, 1941 in an oblique direction,
respectively.

[0321] The first subpixel electrode 191h includes the
first partial plate electrode 192h and the plurality of first
minute branch electrodes 193h, and is connected with a
wide end portion of the drain electrode 175 by a connect-
ing portion extended outside the quadrangular region.
[0322] The first partial plate electrode 192h has a
rhombus shape, a center thereofis positioned at the cent-
er of the quadrangular region, and each vertex of the
rhombus shape is formed at a predetermined distance
from a boundary of the quadrangular region. Further, the
first partial plate electrode 192h covers a part from the
center of the first inclined portion 185h of the passivation
layer. As a result, the first partial plate electrode 192h
has an inclination provided by the first inclined portion
185h of the passivation layer as it is.

[0323] The first subpixel electrode 191h has a first ex-
tension 194h extending from each vertex of the rhombus
shape of the first partial plate electrode 192h in a vertical
or horizontal direction (in a parallel or vertical direction
to the gate line 121 or the data line 171). The first exten-
sion 194h extends in the vertical or horizontal direction
to meet a boundary of the quadrangular region occupied
by the first subpixel electrode 191h. As a result, the first
extension 194h meets the vertex of the rhombus struc-
ture of the first inclined portion 185h of the passivation
layer on the plan view so as to be vertically overlapped
with each other.

[0324] The plurality of first minute branch electrodes
193h extends from the oblique side of the first partial
plate electrode 192h and the first extension 194h. The
plurality of first minute branch electrodes 193h fills the
rest of the quadrangular region, forms an angle of 45
degrees with the first extension 194h (or the gate line
121 or the data line 171), and forms an angle of 90 de-
grees with the oblique side of the first partial plate elec-
trode 192h. Further, ends of the first minute branch elec-
trodes 193h are not connected to each other to protrude
outwards. However, if the ends of the first minute branch
electrodes 193h are connected to each other to be
closed, directions of liquid crystal molecules of the liquid
crystal layer 3 to be aligned by an electric field are differ-
ent from directions of the liquid crystal molecules to be
aligned by the closed ends, and as a result, a response
speed of the liquid crystal molecules may be delayed.
Therefore, in the exemplary embodiment of the present
invention, the ends of the first minute branch electrodes
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193h are not connected to each other but protrude out-
wards to have a structure in which opening regions be-
tween the first minute branch electrodes 193h are
opened. As a result, the liquid crystal molecules may be
aligned in the directions to be aligned by the electric field
without other resistance, thereby improving the response
speed of the liquid crystal molecules and reducing tex-
tures.

[0325] Further, a connecting terminal connected with
the oblique side of the first partial plate electrode 192h
and the first extension 194h is positioned above the first
inclined portion 185h of the passivation layer to be over-
lapped with each other in the plurality of first minute
branch electrodes 193h. That is, the connecting terminal
of the first minute branch electrode 193h is overlapped
with the firstinclined portion 185h of the passivation layer
by a predetermined distance. Therefore, the vicinity of
the connecting terminal of the first minute branch elec-
trode 193h has the inclination provided by the first in-
clined portion 185h of the passivation layer as it is, and
a flat structure is formed up to the end from the vicinity
of the connecting terminal. The end portion of the first
minute branch electrode 193h and the first inclined por-
tion 185h of the passivation layer overlap each other and
thus liquid crystal control force of the corresponding por-
tion is further increased, and as a result, the liquid crystal
molecules may rapidly operate by the electric field. As a
result, the response speed of the liquid crystal molecules
is improved. However, when a length of the first minute
branch electrode 193h is overly increased and thus an
overlapped distance is too large, a texture due to a slit
structure may occur, and as a result, the overlapped dis-
tance needs to be set at a predetermined level or less.
In the exemplary embodiment, the longest electrode of
the first minute branch electrodes 193h may have a
length of more than 50 um and 68 pm or less, and a size
of the pixel is determined according to a characteristic of
the display device. When a size of the quadrangular re-
gion is determined according to the size of the pixel, the
length of the longest electrode of the first minute branch
electrodes 193h may be selected and used in the range
of more than 50 pm and 68 pm or less. However, ac-
cording to an exemplary embodiment, an exemplary em-
bodiment beyond the above range may also exist. The
length of the longest electrode of the first minute branch
electrodes 193h may have a value of between 25% and
35% of an oblique length of the entire quadrangular re-
gion, and a length of the longest electrode of the first
minute branch electrodes 193h that is overlapped with
the first inclined portion 185h may have a value of be-
tween 0% and 10% of the oblique length of the entire
quadrangular region.

[0326] The second partial plate electrode 1921 of the
second subpixel electrode 1911 has a rhombus shape, a
center thereof is positioned at the center of the quadran-
gular region, and each vertex of the rhombus shape is
formed at a predetermined distance from a boundary of
the quadrangular region. Further, the second partial plate
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electrode 1921 covers a part from the center of the sec-
ond inclined portion 185l of the passivation layer. As a
result, the second partial plate electrode 1921 has an
inclination provided by the second inclined portion 185I
of the passivation layer as it is.

[0327] The second subpixel electrode 1911 has a sec-
ond extension 1941 extending from each vertex of the
rhombus shape of the second partial plate electrode 1921
in a vertical or horizontal direction (in a parallel or vertical
direction to the gate line 121 or the data line 171). The
second extension 1941 extends in the vertical or hori-
zontal direction to meet a boundary of the two-divided
square regions. As a result, the second extension 1941
meets the vertex of the rhombus structure of the second
inclined portion 185l of the passivation layer on the plan
view so as to be vertically overlapped with each other.
[0328] The plurality of second minute branch elec-
trodes 193I extends from an oblique side of the second
partial plate electrode 1921 and the second extension
1941. The plurality of second minute branch electrodes
193l fills the rest of the quadrangular region, forms an
angle of 45 degrees with the second extension 1941 (or
the gate line 121 orthe data line 171), and forms an angle
of 90 degrees with the oblique side of the second partial
plate electrode 1921. Further, ends of the second minute
branch electrodes 193l are not connected to each other
to protrude outwards. However, if the ends of the second
minute branch electrodes 193l are connected to each
other to be closed, directions of liquid crystal molecules
of the liquid crystal layer 3 to be aligned by an electric
field are different from directions of the liquid crystal mol-
ecules to be aligned by the closed ends, and as a result,
a response speed of the liquid crystal molecules may be
delayed. Therefore, in the exemplary embodiment of the
present invention, the ends of the second minute branch
electrodes 193l are not connected to each other but pro-
trude outwards to have a structure in which opening re-
gions between the second minute branch electrodes 1931
are opened. As a result, the liquid crystal molecules may
be aligned in the directions to be aligned by the electric
field without other resistance, thereby improving the re-
sponse speed of the liquid crystal molecules and reduc-
ing textures.

[0329] Further, a connecting terminal connected with
the oblique side of the second partial plate electrode 192|
and the second extension 194l is positioned above the
second inclined portion 1851 of the passivation layer to
be overlapped with the second inclined portion 1851 of
the passivation layer in the plurality of second minute
branch electrodes 193l. That is, the connecting terminal
ofthe second minute branch electrode 193lis overlapped
with the second inclined portion 185l of the passivation
layer by a predetermined distance. Therefore, the vicinity
of the connecting terminal of the second minute branch
electrode 193l has the inclination provided by the second
inclined portion 1851 of the passivation layer as it is, and
a flat structure is formed up to the end from the vicinity
of the connecting terminal. The end portion of the second
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minute branch electrode 193l and the second inclined
portion 185l of the passivation layer overlap each other
and thus liquid crystal control force of the corresponding
portion is further increased, and as a result, the liquid
crystal molecules may rapidly operate by the electric
field. As a result, the response speed of the liquid crystal
molecules is improved. However, when a length of the
second minute branch electrode 193l is overly increased
and thus an overlapped distance is too large, a texture
due to a slit structure may occur, and as a result, the
overlapped distance needs to be set at a predetermined
level or less. In the exemplary embodiment, the longest
electrode of the second minute branch electrodes 193l
may have a length of more than 50 pm and 68 pm or
less, and a size of the pixel is determined according to a
characteristic of the display device. When a size of the
square region is determined according to the size of the
pixel, the length of the longest electrode of the second
minute branch electrodes 193l may be selected and used
in the range of more than 50 pwm and 68 pum or less.
However, according to an exemplary embodiment, an
exemplary embodiment beyond the above range may
also exist. The length of the longest electrode of the sec-
ond minute branch electrodes 1931 may have a value of
between 25% and 35% of an oblique length of the entire
square region, and a length of the longest electrode of
the second minute branch electrodes 193l that is over-
lapped with the second inclined portion 1851 may have
a value of between 0% and 10% of the oblique length of
the entire square region.

[0330] A light blocking member and a common elec-
trode may be formed on the upper panel 200. A color
filter may be formed on the upper panel 200.

[0331] The common electrode formed on the upper
panel 200 is made of a transparent conductive material
and may include a liquid crystal control means and an
additional liquid crystal control means.

[0332] Cutouts 275h, 2751 as the liquid crystal control
means are formed in a cross shape at the common elec-
trode 270. A cross point in the cross structure of the first
cutout 275h is overlapped with the center of the rhombus
shape of the first partial plate electrode 192h of the lower
panel 100 or the center of the rhombus shape of the first
inclined portion 185h of the passivation layer. Further,
the cross structure of the second cutout 275l is over-
lapped with the center of the rhombus shape of the sec-
ond partial plate electrode 192l of the lower panel 100 or
the center of the rhombus shape of the second inclined
portion 185l of the passivation layer, respectively. Fur-
ther, the cutouts 275h, 2751 positioned at the adjacent
pixels may be extended to be connected with each other.
The cutouts 275h, 2751 serve to improve the control force
of the liquid crystal molecules.

[0333] Further, the additional liquid crystal control
means is positioned near the cross point of the cross
structure of the cutouts 275h, 2751 in the common elec-
trode 270. In the exemplary embodiment of FIG. 32,
rhombus cutout patterns 276h, 2761 are formed as the
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additional liquid crystal control means. The rhombus cut-
out patterns 276h, 2761 have sides which are parallel to
the rhombus shapes of the partial plate electrodes 192h,
1921 of the lower panel 100 or the rhombus shapes of
the secondinclined portions 185h, 185l of the passivation
layer on the plan view. The sizes of the rhombus cutout
patterns 276h, 2761 may be various according to an ex-
emplary embodiment. If the sizes are too small, arole as
the liquid crystal control means is slight, and if the sizes
are too large, transmittance deteriorates, and as a result,
the rhombus cutout patterns 276h, 2761 may be formed
with appropriate sizes according to an exemplary em-
bodiment. According to the rhombus cutout patterns
276h, 2761 which are the additional liquid crystal control
means, the cutouts 275h, 275 positioned at the common
electrode 270 extend only in the vertical or horizontal
direction, and as a result, the liquid crystal control force
of a direction of 45 degrees with the direction may dete-
riorate. Accordingly, the liquid crystal control force of the
direction of 45 degrees is improved by forming an addi-
tional rhombus-shaped liquid crystal control means (the
rhombus cutout patterns 276h, 2761), and as a result,
the liquid crystal molecules are rapidly aligned by the
electric field and thus the response speed is improved.
[0334] An alignment layer (notillustrated) is formed at
inner sides of the lower panel 100 and the upper panel
200. The alignment layer may be a vertical alignment
layer and may be an alignment layer photo-aligned by
using a photopolymerization material.

[0335] Polarizers (notillustrated) are provided on outer
sides of the two panels 100, 200, and transmissive axes
of the two polarizers are perpendicular to each other and
one transmissive axis thereof may be parallel to the gate
line 121.

[0336] Theliquid crystal layer 3 has negative dielectric
anisotropy between the lower panel 100 and the upper
panel 200, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned so that long axes are vertical
to the surfaces of the two panels 100, 200 while an electric
field is not applied.

[0337] The first subpixel electrode 191a and the sec-
ond subpixel electrode 191b form first and second liquid
crystal capacitors (Clca, Clcb of FIG. 31) together with
the common electrode formed on a second substrate and
the liquid crystal layer therebetween to maintain the ap-
plied voltage even after the first and second switching
elements Qa, Qb are turned off.

[0338] Further, the first subpixel electrode 191a forms
an auxiliary step-up capacitor (Csa of FIG. 31) together
with the first power supply line 131a and the passivation
layer therebetween to step-up a voltage of the first liquid
crystal capacitor (Clca of FIG. 31). The second subpixel
electrode 191b forms an auxiliary step-down capacitor
(Csb of FIG. 31) together with the second power supply
line 131b and the passivation layer therebetween to step-
down a voltage of the second liquid crystal capacitor
(Clcb of FIG. 31). According to the voltages applied to
the power supply lines 131a, 131b, the auxiliary step-up
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capacitor (Csa of FIG. 31) steps-down the voltage of the
voltage of the first liquid crystal capacitor (Clca of FIG.
31), and the auxiliary step-down capacitor (Csb of FIG.
31) steps-up the voltage of the second liquid crystal ca-
pacitor (Clcb of FIG. 31).

[0339] Hereinafter, another exemplary embodiment of
the present invention will be described with reference to
FIG. 33.

[0340] FIG. 33isa cross-sectional view of aliquid crys-
tal display device according to another exemplary em-
bodiment of the present invention.

[0341] FIG. 33 corresponds to FIG. 2, and unlike FIG.
2, a liquid crystal control means and an additional liquid
crystal control means which are formed in the common
electrode 270 are formed by protrusions, not the cutouts.
[0342] Further, the inclined portions of the color filter
230 are not entirely formed like the inclined portions of
FIG. 2, and the inclined portions are included only in a
partial region and a flat structure is formed in the rest
portion.

[0343] As such, portions different from FIG. 2 will be
described below in detail.

[0344] The color filter 230 is elongated in a vertical di-
rection along a space between the adjacent data lines
171 and has a partially inclined portion 235h’ of which a
height is changed in a partial region of a portion of the
color filter 230 overlapped with the first and second sub-
pixel electrodes 191h, 1911. The partially inclined portion
235h’ has a rhombus structure, and the partially inclined
portion 235h’ has a portion of which a height is gradually
decreased from a side of the rhombus structure and a
portion of which a height is flat. Here, the portion of which
the height is decreased has a height decreased at a pre-
determined slope, and as the height is decreased, the
width thereof is decreased. Further, the portion of which
the height is flat may have a uniform height while the
color filter 230 is formed, and the color filter 230 is re-
moved as illustrated in FIG. 33 and the height may be
uniform.

[0345] The rhombus structure of the first inclined por-
tion 235h is formed so that a vertex is in contact with a
boundary of a square region occupied by the first partial
plate electrode 192h. However, according to an exem-
plary embodiment, the boundary of the corresponding
region and the vertex may be spaced apart from each
other at a predetermined distance. Further, according to
an exemplary embodiment, the region in which the rhom-
bus structure is positioned may also have a rectangular
region.

[0346] The inclined portion of the partially inclined por-
tion 235h’ is overlapped with the first minute branch elec-
trode 193h, and the first minute branch electrode 193h
may be formed only at the partially inclined portion 235h’.
According to an exemplary embodiment, the first minute
branch electrode 193h may be formed at the portion of
the partially inclined portion 235h’ where the height is flat.
[0347] A protrusion 275h’ as the liquid crystal control
means is formed in a cross shape at the common elec-
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trode 270. A cross point in the cross structure of the pro-
trusion 275h’ is overlapped with the center of the rhombus
shape of the first partial plate electrode 192h of the lower
panel 100 or the center of the rhombus shape of the first
inclined portion 235h of the color filter 230. Further, the
cutouts 275h, 275l positioned at the adjacent pixels may
be extended to be connected with each other. The cut-
outs 275h, 275l serve to improve the control force of the
liquid crystal molecules.

[0348] Further, the additional liquid crystal control
means is positioned near the cross point of the cross
structure of the protrusion 275h’ in the common electrode
270. Inthe exemplary embodiment of FIG. 33, arhombus
protrusion pattern 276h’ is formed as the additional liquid
crystal control means. The rhombus protrusion pattern
276h’ has a side that is parallel to the rhombus shapes
of the partial plate electrodes 192h, 1921 of the lower
panel 100 or the rhombus shapes of the inclined portions
235h, 235l of the color filter 230 on the plan view. The
size of the rhombus protrusion pattern 276h’ may be var-
ious according to an exemplary embodiment. If the size
is too small, a role as the liquid crystal control means is
slight, and if the size is too large, transmittance deterio-
rates, and as a result, the rhombus protrusion pattern
276h’ may be formed with an appropriate size according
to an exemplary embodiment. According to the rhombus
protrusion pattern 276h’ which is the additional liquid
crystal control means, the protrusion 275h’ positioned at
the common electrode 270 extends only in the vertical
or horizontal direction, and as a result, the liquid crystal
controlforce of a direction of 45 degrees with the direction
may deteriorate. Accordingly, the liquid crystal control
force of the direction of 45 degrees is improved by forming
the additional rhombus-shaped liquid crystal control
means (rhombus protrusion pattern 276h’), and as a re-
sult, the liquid crystal molecules are rapidly aligned by
the electric field and thus the response speed is im-
proved.

[0349] According to an exemplary embodiment, one of
the liquid crystal control means and the additional liquid
crystal control means may be formed by the cutout and
the other one may be formed by the protrusion.

[0350] As illustrated in FIG. 33, in the case where the
inclined portion formed at the color filter 230 is the par-
tially inclined portion 235h’ in which the inclination is
formed only at the partial portion, the liquid crystal control
force may be decreased as compared with an exemplary
embodiment in which the inclination is entirely formed.
In this case, according to an exemplary embodiment, in
order to improve the control force of the liquid crystal
molecules, a photoreactive material is included in the lig-
uid crystal layer or the alignment layer and a pretilt angle
may be provided to the liquid crystal layer or the align-
ment layer.

[0351] Hereinafter, photoalignment will be described
with reference to FIG. 34.

[0352] FIG. 34 is a diagram illustrating a process
through which liquid crystal molecules have pretilts by
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using prepolymers polymerized by light such as ultravi-
olet light.

[0353] Referring to FIG. 34, first, a prepolymer 330
such as monomers cured by polymerization due to light
such as ultraviolet light is injected between two panels
100, 200 together with a liquid crystal material. The pre-
polymer 330 may be reactive mesogen polymerized by
the light such as ultraviolet light.

[0354] Next, a data voltage is applied to the first and
second subpixel electrodes 191h, 1911 and a common
voltage is applied to the common electrode 270 of the
upper panel 200 to generate an electric field in the liquid
crystal layer 3 between two panels 100, 200. Then, liquid
crystal molecules 31 of the liquid crystal layer 3 are in-
clined in a predetermined direction in response to the
electric field.

[0355] In a state where the liquid crystal molecules 31
of the liquid crystal layer 3 are inclined in the predeter-
mined direction, when the light such as ultraviolet light is
irradiated, the prepolymer 330 is polymerized to form a
pretilt providing polymer 350 as illustrated in FIG. 34. The
pretilt providing polymer 350 is formed by contacting the
panels 100, 200. An alignment direction of the liquid crys-
tal molecules 31 is determined by the pretilt providing
polymer 350 so that the liquid crystal molecules 31 have
pretilts in the direction described above. Accordingly,
even in a state where the voltages are not applied to the
field generating electrodes 191, 270, the liquid crystal
molecules 31 are aligned so as to have pretilts in four
different directions.

[0356] As aresult, the liquid crystal molecules 31 have
pretilts in a total of four directions in each region of an
upper subpixel or a lower subpixel of one pixel.

[0357] The pretilt using the polymer illustrated in FIG.
34 may be subordinately used in the case where the tex-
ture is not reduced by controlling the liquid crystal mole-
cules by only a step provided by the inclined portion of
the color filter 230.

[0358] InFIG. 34, the exemplary embodiment in which
a photoreactive material is included in the liquid crystal
layer is described, but even in the case where the pho-
toreactive material is included in the alignment layer, the
liquid crystal display device is formed based upon the
exemplary embodiment.

[0359] As described above, the control force of the lig-
uid crystal molecules is improved by various methods
such as the protruding structure of the ends of the minute
branch electrodes, the overlapped structure of the in-
clined portion and the minute branch electrode, the for-
mation of the liquid crystal control means of the common
electrode, the formation of the additional liquid crystal
control means in the common electrode, and the provid-
ing of the pretilt due to the photoalignment. However,
even though only at least one of the structures is formed,
theliquid crystal control force isimproved, and as aresult,
an exemplary embodiment having only atleast one there-
of belongs to the present invention. The liquid crystal
alignment force may be improved by combining and us-
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ing one or more of the structures according to a liquid
crystal alignment characteristic of the exemplary embod-
iment.

[0360] While exemplary embodiments of the present
disclosure have been described in connection with what
is presently considered to be practical exemplary em-
bodiments, it is to be understood that the present inven-
tion is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications
and equivalent arrangements included within the scope
of the appended claims.

Claims
1. Aliquid crystal display device, comprising:
a lower panel (100) comprising:

a lower substrate,

a pixel electrode (191) formed on the lower
substrate and comprising a partial plate
electrode (192h, 192l), wherein the partial
plate electrode (192h, 192l) is a continuous
electrode structure; and

a plurality of minute branch electrodes
(193h, 193I) extending from the partial plate
electrode (192h, 192I), and

a lower layer formed on the lower substrate and
below the pixel electrode (191) and comprising
an inclined portion (235h, 235I);

an upper panel (200) comprising an upper substrate
facing the lower substrate and a common electrode
(270) formed on the upper substrate; and

aliquid crystallayer (3) positioned between the lower
panel (100) and the upper panel (200),
characterized in that

the partial plate electrode (192h, 192I) covers the
inclined portion (235h, 235I) such that partial plate
electrode (192h, 192I) has an inclination, and
wherein a part of the inclined portion (235h, 235I) is
overlapped with a part of the minute branch elec-
trodes (193h, 193l), and the overlapped part of the
minute branch electrodes (193h, 193l) covers the
inclined portion (235h, 235l) such that the over-
lapped part of the minute branch electrodes (193h,
193I) has an inclination.

2. The liquid crystal display device of claim 1, wherein
the lower layer comprising the inclined portion (235h,
235l) is a color filter (230) or a passivation layer
(180q) comprising an organic insulator.

3. Theliquid crystal display device of claim 2, wherein:

the partial plate electrode (192h, 192l) has a
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rhombus shape,

the inclined portion (235h, 235l) has a rhombus
shape, and

therhombus shape of the inclined portion (235h,
235l) is larger than the rhombus shape of the
partial plate electrode (192h, 192l).

4. The liquid crystal display device of claim 3, further
comprising:

an extension extending from the partial plate
electrode (192h, 192l) in a vertical or horizontal
direction,

wherein the plurality of minute branch electrodes
(193h, 193I) protrudes in the direction of the exten-
sion.

5. The liquid crystal display device of claim 3, wherein
the longest electrode of the minute branch elec-
trodes (193h, 193l) has a length of between 50 um
and 68 pm.

6. The liquid crystal display device of claim 3, wherein
the length of the longest electrode of the minute
branch electrodes (193h, 193l) has a value of be-
tween 25% and 35% of an diagonal length of a
square region occupied by the pixel electrode (191).

7. The liquid crystal display device of claim 6, wherein
an overlapped length of the inclined portion (235h,
235l) and the minute branch electrode (193h, 1931)
has a value of greater than 0% and less than or equal
to 10% of the diagonal length.

8. The liquid crystal display device of claim 3, wherein
the common electrode (270) comprises a cutout
(275h, 275I) or a protrusion and has a liquid crystal
alignment means having a cross structure.

9. The liquid crystal display device of claim 8, wherein
across point of the cross structure of the liquid crystal
control means coincides with the center of the partial
plate electrode (192h, 192I) or the inclined portion
(235h, 235l).

10. The liquid crystal display device of claim 9, wherein
the common electrode (270) further comprises an
additional liquid crystal control means comprising a
cutout (275h, 275I) or a protrusion.

11. The liquid crystal display device of claim 10, wherein
the additional liquid crystal control means is a rhom-
bus cutout pattern (276h, 276l) or a rhombus protru-
sion pattern that is positioned at the cross point por-
tion of the cross structure.

12. The liquid crystal display device of claim 10, wherein
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the additional liquid crystal control means is an X-
shaped pattern that is positioned at the cross point
portion of the cross structure.

The liquid crystal display device of claim 10, wherein
ends of the plurality of minute branch electrodes
(193h, 193l) are not connected to each other to pro-
trude outwards.

The liquid crystal display device of claim 13, wherein:

the pixel electrode (191) comprises a first sub-
pixel electrode (191h) and a second subpixel
electrode (1911), and

the first subpixel electrode (191 h) and the sec-
ond subpixel electrode (1911) comprise the par-
tial plate electrode (192h, 192l) and the plurality
of minute branch electrodes (193h, 193l), re-
spectively.

The liquid crystal display device of claim 14, wherein:

the first subpixel electrode (191 h) is formed in
a square region, and

the second subpixel electrode (191l) is formed
in a rectangular region.

Patentanspriiche

1.

Flussigkristall-Anzeigevorrichtung, umfassend:
eine untere Tafel (100), umfassend:

ein unteres Substrat,

eine Pixelelektrode (191), die auf dem un-
teren Substrat gebildet ist und

eine Teilplattenelektrode (192h, 192I) um-
fasst, wobei die Teilplattenelektrode (192h,
192l) eine durchgehende Elektrodenstruk-
tur ist; und

eine Vielzahl von kleinen Zweigelektroden
(193h, 1931), die sich ausgehend von der Teil-
plattenelektrode (192h, 1921) erstrecken, und
eine untere Schicht, die auf dem unteren Sub-
strat und unter der Pixelelektrode (191) gebildet
ist und einen geneigten Abschnitt (235h, 235I)
umfasst;

eine obere Tafel (200), die Folgendes umfasst: ein
oberes Substrat, das dem unteren Substrat zuge-
wandt ist, und eine gemeinsame Elektrode (270), die
auf dem oberen Substrat gebildet ist; und

eine Flussigkristallschicht (3), die zwischen der un-
teren Tafel (100) und

der oberen Tafel (200) angeordnet ist,

dadurch gekennzeichnet, dass
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die Teilplattenelektrode (192h, 192I) den geneigten
Abschnitt (235h, 235I) derart bedeckt, dass die Teil-
plattenelektrode (192h, 192I) eine Neigung aufweist,
und

wobei ein Teil des geneigten Abschnitts (235h, 235I)
Uberlappend mit einem Teil der kleinen Zweigelek-
troden (193h, 193l) angeordnet ist, und wobei der
Uberlappende Teil der kleinen Zweigelektroden
(193h, 193I) den geneigten Abschnitt (235h, 235I)
derart bedeckt, dass der tiberlappende Teil der klei-
nen Zweigelektroden (193h, 193I) eine Neigung auf-
weist.

Flussigkristall-Anzeigevorrichtung nach Anspruch 1,
wobei die untere Schicht, die den geneigten Ab-
schnitt (235h, 2351) umfasst, ein Farbfilter (230) oder
eine Passivierungsschicht (180q) ist, die ein organi-
sches Isoliermaterial umfasst.

Flussigkristall-Anzeigevorrichtung nach Anspruch 2,
wobei:

die Teilplattenelektrode (192h, 192l) eine Rau-
tenform aufweist,

der geneigte Abschnitt (235h, 235I) eine Rau-
tenform aufweist und die Rautenform des ge-
neigten Abschnitts (235h, 235I) gréRer als die
Rautenform der Teilplattenelektrode (192h,
192]) ist.

Flussigkristall-Anzeigevorrichtung nach Anspruch 3,
ferner umfassend:

eine Erweiterung, die sich ausgehend von der
Teilplattenelektrode (192h, 192l) in einer verti-
kalen oder horizontalen Richtung erstreckt,

wobei die Vielzahl von kleinen Zweigelektroden
(193h, 1931) in der Richtung der Erweiterung vorra-
gen.

Flussigkristall-Anzeigevorrichtung nach Anspruch 3,
wobei die langste Elektrode der kleinen Zweigelek-
troden (193h, 193l) eine Lange zwischen 50 pum und
68 pm aufweist.

Flussigkristall-Anzeigevorrichtung nach Anspruch 3,
wobei die Lange der langsten Elektrode der kleinen
Zweigelektroden (193h, 193l) einen Wert zwischen
25% und 35% einer diagonalen Lange eines qua-
dratischen Bereichs aufweist, der von der Pixelelek-
trode (191) eingenommen wird.

Flussigkristall-Anzeigevorrichtung nach Anspruch 6,
wobei eine Uberlappende Lange des geneigten Ab-
schnitts (235h, 2351) und der kleinen Zweigelektrode
(193h, 193I) einen Wert von gréRer als 0% und klei-
ner oder gleich 10% der diagonalen Lange aufweist.
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Flussigkristall-Anzeigevorrichtung nach Anspruch 3,
wobei die gemeinsame Elektrode (270) einen Aus-
schnitt (275h, 275l) oder einen Vorsprung umfasst
und ein Flussigkristallausrichtungsmittel mit einer
kreuzférmigen Struktur aufweist.

Flussigkristall-Anzeigevorrichtung nach Anspruch 8,
wobei ein Kreuzungspunkt der kreuzférmigen Struk-
tur des Flussigkristallsteuerungsmittels mit dem Mit-
telpunkt der Teilplattenelektrode (192h, 192l) oder
des geneigten Abschnitts (235h, 235l) zusammen-
fallt.

Flussigkristall-Anzeigevorrichtung nach Anspruch 9,
wobei die gemeinsame Elektrode (270) ferner ein
zusétzliches Flussigkristallsteuerungsmittel um-
fasst, das einen Ausschnitt (275h, 275I) oder einen
Vorsprung umfasst.

Flussigkristall-Anzeigevorrichtung nach Anspruch
10, wobei das zusatzliche Fllssigkristallsteuerungs-
mittel ein rautenférmiges Ausschnittmuster (276h,
276l) oder ein rautenférmiges Vorsprungmuster ist,
das am Kreuzungspunktabschnitt der kreuzférmi-
gen Struktur angeordnet ist.

Flussigkristall-Anzeigevorrichtung nach Anspruch
10, wobei das zusatzliche Fllssigkristallsteuerungs-
mittel ein X-férmiges Muster ist, das am Kreuzungs-
punktabschnitt der kreuzférmigen Struktur angeord-
net ist.

Flussigkristall-Anzeigevorrichtung nach Anspruch
10, wobei Enden der Vielzahl von kleinen Zweige-
lektroden (193h, 193l) nicht miteinander verbunden
sind, um nach auf3en vorzuragen.

. Flussigkristall-Anzeigevorrichtung nach Anspruch
13, wobei:

die Pixelelektrode (191) eine erste Subpixele-
lektrode (191h) und eine zweite Subpixelelekt-
rode (1911) umfasst, und

die erste Subpixelelektrode (191h) und die zwei-
te Subpixelelektrode (1911) jeweils die Teilplat-
tenelektrode (192h, 1921) und die Vielzahl von
kleinen Zweigelektroden (193h, 193l) umfas-
sen.

. Flussigkristall-Anzeigevorrichtung nach Anspruch
14, wobei:

die erste Subpixelelektrode (191 h) in einem
quadratischen Bereich gebildet ist, und

die zweite Subpixelelektrode (191l) in einem
rechteckigen Bereich gebildet ist.
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Revendications

Un dispositif d’affichage a cristaux liquides, compre-
nant:

un panneau inférieur (100) comprenant:

un substrat inférieur,

une électrode de pixel (191) formée sur le
substrat inférieur et comprenant une élec-
trode a plaque partielle (192h, 192l) ou
I'électrode a plaque partielle (192h, 192I)
est une structure d’électrode continue; et
une pluralité d’électrodes a branche minus-
cule (193h, 193l) s’étendant depuis I'élec-
trode a plaque partielle (192h, 192l), et

une couche inférieure formée sur le substrat in-
férieur et sous I'électrode de pixel (191) et com-
prenant une portion inclinée (235h, 235I);

un panneau supérieur (200) comprenant un substrat
supérieur faisant face au substrat inférieur et une
électrode ordinaire (270) formée sur le substrat su-
périeur;

et

une couche de cristaux liquides (3) positionnée entre
le panneau inférieur (100) et le panneau supérieur
(200).

caractérisé en ce que

I’électrode a plaque partielle (192h, 192I) couvre la
portion inclinée (235h, 235I) de sorte que I'électrode
a plaque partielle (192h, 192I) présente une inclinai-
son, et

ou une partie de la portion inclinée (235h, 235I) est
chevauchée par une partie des électrodes a bran-
ches minuscules (193h, 193l), et la partie chevau-
chée des électrodes a branches minuscules (193h,
193l) couvre la portion inclinée (235h, 235I) de sorte
que la partie chevauchée des électrodes a branches
minuscules (193h, 193I) posséde une inclinaison.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 1, ou la couche inférieure comprenant
la portion inclinée (235h, 2351) est un filtre de couleur
(230) ou une couche de passivation (180q) compre-
nant un isolateur organique.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 2, ou:

I’électrode a plaque partielle (192h, 192l) pos-
séde une forme de losange,

la portion inclinée (235h, 235I) posséde une for-
me de losange, et

la forme de losange de la portion inclinée (235h,
235l) est plus grande que la forme de losange
de 'électrode a plaque partielle (192h, 192l).
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Le dispositif d’affichage a cristaux liquides de la re-
vendication 3, comprenant de plus:

une extension s’étendant a partir de I'électrode
aplaque partielle (192h, 192l) dans un sens ver-
tical ou horizontal,

ou la pluralité d’électrodes a branches minuscu-
les (193h, 193I) fait saillie dans le sens de I'ex-
tension.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 3, ou I'électrode la plus longue des élec-
trodes a branches minuscules (193h, 193l) posséde
une longueur d’entre 50 um et 68 pm.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 3, ou la longueur de I'électrode la plus
longue des électrodes a branches minuscules
(193h, 193l) posséde une valeur d’entre 25% et 35%
d’une longueur en diagonale d’'une région carrée oc-
cupée par I'électrode de pixel (191).

Le dispositif d’affichage a cristaux liquides de la re-
vendication 6, ou une longueur chevauchée de la
portion inclinée (235h, 235I) et de I'électrode a bran-
ches minuscules (193h, 193I) posséde une valeur
supérieure a 0% et inférieure ou égale a 10% de la
longueur en diagonale.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 3, ou I'électrode ordinaire (270) com-
prend une encoche (275h, 275I1) ou une saillie et pos-
séde un moyen d’alignement de cristaux liquides
ayant une structure croisée.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 8, ou un point de croisement de la struc-
ture croisée du moyen de contréle a cristaux liquides
coincide avec le centre de I'électrode a plaque par-
tielle (192h, 192l) ou la portion inclinée (235h, 235I).

Le dispositif d’affichage a cristaux liquides de la re-
vendication 9, ou I'électrode ordinaire (270) com-
prend de plus un moyen de contréle a cristaux liqui-
des supplémentaire comprenant une encoche
(275h, 275I) ou une saillie.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 10, ou le moyen de contréle a cristaux
liquides supplémentaire est une forme d’encoche en
losange (276h, 276l1) ou une forme de saillie en lo-
sange qui est positionnée au niveau de la portion du
point de croisement de la structure croisée.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 10, ou le moyen de contréle a cristaux
liquides supplémentaire est un modéle en forme de
X qui est positionné au niveau de la portion de point
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de croisement de la structure croisée.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 10, ou les extrémités de la pluralité des
électrodes a branches minuscules (193h, 193I) ne
sont pas connectées les unes aux autres pour faire
saillie vers I'extérieur.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 13, ou:

I’électrode de pixel (191) comprend une premié-
re électrode de sous-pixel (191 h) et une deuxie-
me électrode de sous-pixel (1911), et

la premiere électrode de sous-pixel (191h) et la
deuxieme électrode de sous-pixel (1911) com-
prennent I'électrode a plaque partielle (192h,
192l) et la pluralité d’électrodes a branches mi-
nuscules (193h, 193I), respectivement.

Le dispositif d’affichage a cristaux liquides de la re-
vendication 14, ou:

la premiere électrode de sous-pixel (191 h) est
formée dans une région carrée, et

la deuxieme électrode de sous-pixel (1911) est
formée dans une région rectangulaire.
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