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(54) Liquid crystal display device

(57) A liquid crystal display device includes: a first
substrate; a second substrate disposed opposite to the
first substrate; a liquid crystal layer disposed between
the first substrate and the second substrate and including
liquid crystal molecules vertically aligned when an elec-
tric field is not generated in the liquid crystal layer; and
pixels, each of which includes a first subpixel and a sec-
ond subpixel, where each of the first subpixel and the
second subpixel includes: a first electrode disposed on

the first substrate and having a planar shape; a second
electrode disposed opposite to and spaced apart from
the first electrode and including a linear electrode; and a
third electrode disposed on the second substrate and
having a planar shape, and a voltage applied to the sec-
ond electrode of the first subpixel and a voltage applied
to the second electrode of the second subpixel are dif-
ferent from each other.
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Description

BACKGROUND

(a) Field

[0001] Exemplary embodiments of the invention relate
to a liquid crystal display device.

(b) Description of the Related Art

[0002] A liquid crystal display device, which is one of
the most widely used types of flat panel display, typically
includes two display panels with field generating elec-
trodes such as a pixel electrode, a common electrode
and the like, and a liquid crystal layer interposed there-
between. In the liquid crystal display device, an electric
field is generated in the liquid crystal layer by applying
voltages to the field generating electrodes, and deter-
mines directions of liquid crystal molecules by the gen-
erated electric field, thus controlling polarization of inci-
dent light to display images.
[0003] The liquid crystal display device includes a ver-
tically aligned mode liquid crystal display device, in which
longitudinal axes of liquid crystal molecules are substan-
tially vertically aligned with respect to the display panels
when the electric field is not applied.
[0004] In the vertically aligned mode liquid crystal dis-
play device, various structures in which a pixel is divided
into two subpixels have been developed to secure side
visibility. In such a vertical aligned mode liquid crystal
display device, the pixel using the two subpixels may
include two or more thin film transistors and a number of
wires (e.g., data lines, gate lines, and the like) connected
to the two or more thin film transistors.

SUMMARY

[0005] Exemplary embodiments of the invention relate
to a liquid crystal display device with improved transmit-
tance and an aperture ratio and secured side visibility.
[0006] An exemplary embodiment of the invention pro-
vides a liquid crystal display device, including: a first sub-
strate; a second substrate disposed opposite to the first
substrate; a liquid crystal layer disposed between the first
substrate and the second substrate and including liquid
crystal molecules, which are substantially vertically
aligned when an electric field is not generated in the liquid
crystal layer; and a plurality of pixels, each of which in-
cludes a first subpixel and a second subpixel, where each
of the first subpixel and the second subpixel includes: a
first electrode disposed on the first substrate and having
a planar shape; a second electrode disposed opposite
to and spaced apart from the first electrode and including
a linear electrode; and a third electrode disposed on the
second substrate and having a planar shape, and a volt-
age applied to the second electrode of the first subpixel
and a voltage applied to the second electrode of the sec-

ond subpixel are different from each other.
[0007] In an exemplary embodiment, the first electrode
of the first subpixel and the first electrode of the second
subpixel may be electrically connected to each other.
[0008] In an exemplary embodiment, the third elec-
trode of the first subpixel and the third electrode of the
second subpixel may be electrically connected to each
other.
[0009] In an exemplary embodiment, the first electrode
may receive a data voltage.
[0010] In an exemplary embodiment, the third elec-
trode may receive a common voltage.
[0011] In an exemplary embodiment, the third elec-
trode of a pixel may be electrically connected to the third
electrode of an adjacent pixel.
[0012] In an exemplary embodiment, the second elec-
trode of the first subpixel may receive a first bias voltage
having a predetermined level, and the second electrode
of the second subpixel may receive a second bias voltage
which has a predetermined level different from the pre-
determined level of the first bias voltage.
[0013] In an exemplary embodiment, at least one of
the first and second bias voltages may be a storage volt-
age.
[0014] In an exemplary embodiment, the first bias volt-
age may be the data voltage.
[0015] In an exemplary embodiment, the second elec-
trode of the first subpixel may receive a first bias voltage
having a predetermined level, and the second electrode
of the second subpixel may be a floating voltage which
may not receive the voltage.
[0016] In an exemplary embodiment, the first bias volt-
age may be a storage voltage.
[0017] In an exemplary embodiment, the first bias volt-
age may be the data voltage.
[0018] In an exemplary embodiment, the first electrode
may receive a common voltage.
[0019] In an exemplary embodiment, the third elec-
trode may receive a data voltage.
[0020] In an exemplary embodiment, the first elec-
trodes may be electrically connected to each other even
between the adjacent pixels.
[0021] In an exemplary embodiment, the first electrode
of the first subpixel and the first electrode of the second
subpixel in a pixel, and the first electrode of the first sub-
pixel and the first electrode of the second subpixel in an
adjacent pixel may be electrically connected to each oth-
er.
[0022] In an exemplary embodiment, at least one of
the first and second bias voltages may be a storage volt-
age.
[0023] In an exemplary embodiment, the first bias volt-
age may be the common voltage.
[0024] In an exemplary embodiment, the first bias volt-
age may be a storage voltage.
[0025] In an exemplary embodiment, the first bias volt-
age may be the common voltage.
[0026] In an exemplary embodiment, the linear elec-
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trode of the second electrode may include a stem elec-
trode, and a plurality of minute branch electrodes extend-
ing from the stem electrode.
[0027] In an exemplary embodiment, the second elec-
trode of the first subpixel in a pixel may further include a
connection electrode connected to the second electrode
of the first subpixel in an adjacent pixel, and the second
electrode of the second subpixel in the pixel may further
include a connection electrode connected to the second
electrode of the second subpixel in the adjacent pixel.
[0028] In an exemplary embodiment, the linear elec-
trode of the second electrode may further include an outer
portion which surrounds the minute branch electrodes
and the stem electrode.
[0029] In an exemplary embodiment, the linear elec-
trodes of the second electrode may include a plurality of
minute branch electrodes, and the second electrode may
further include a partial planar electrode connected to
the minute branch electrodes.
[0030] In an exemplary embodiment, a minute pattern
may be defined by the linear electrode in the second elec-
trode, a pitch of the minute pattern may be in a range of
about 2.5 micrometers to about 10 micrometers, and a
ratio of a width of the linear electrode with respect to a
distance of the minute pattern may be in a range of about
0.25 to about 2.
[0031] In an exemplary embodiment, an intermediate
passivation layer may be formed between the second
electrode and the first electrode.
[0032] In an exemplary embodiment, the intermediate
passivation layer may have a thickness of about 300 na-
nometers or more.
[0033] In an exemplary embodiment, four domains
may be defined in each of the first subpixel and the sec-
ond subpixel by the second electrode thereof.
[0034] According to exemplary embodiments of the in-
vention, an aperture ratio is substantially reduced by di-
viding a pixel into two subpixels and one thin film tran-
sistor is disposed therebetween and side visibility is sub-
stantially improved by two subpixels having different
gamma characteristics.
[0035] In such exemplary embodiments, the gamma
characteristics of the two subpixels are determined
based on structures of the subpixels, and the structures
of the subpixels may be efficiently changed during a man-
ufacturing process thereof based on a characteristic of
the display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above and other features of the invention
will become more apparent by describing in further detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

FIG. 1 is a top plan view of pixels of an exemplary
embodiment of a liquid crystal display device accord-
ing to the invention;

FIG. 2 is a cross-sectional view taken along line II-
II of FIG. 1;
FIG. 3 is a diagram illustrating a transmission char-
acteristic according to grayscale level for each sub-
pixel in the pixel of an exemplary embodiment of a
liquid crystal display according to the invention;
FIG. 4 is a graph of transmittance versus applied
voltage in the pixel of an exemplary embodiment of
a liquid crystal display according to the invention;
FIGS. 5 to 7 are diagrams illustrating characteristics
of a pixel of an exemplary embodiment of a liquid
crystal display according to the invention;
FIGS. 8 to 11 are diagrams illustrating characteristics
of a pixel of an alternative exemplary embodiment
of a liquid crystal display according to the invention;
FIGS. 12 to 14 are diagrams illustrating characteris-
tics of a pixel of another alternative exemplary em-
bodiment of a liquid crystal display according to the
invention;
FIGS. 15 to 18 are diagrams illustrating characteris-
tics of a pixel of another alternative exemplary em-
bodiment of a liquid crystal display according to the
invention;
FIGS. 19 to 20 are cross-sectional views of the pixel
of another alternative exemplary embodiment of a
liquid crystal display according to the invention; and
FIGS. 21 to 23 are top plan views of exemplary em-
bodiments of a second electrode according to the
invention.

DETAILED DESCRIPTION

[0037] The invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms, and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like reference
numerals refer to like elements throughout.
[0038] It will be understood that when an element or
layer is referred to as being "on," "connected to" or "cou-
pled to" another element or layer, the element or layer
can be directly on, connected or coupled to the other
element or layer or intervening elements or layers may
be present. In contrast, when an element is referred to
as being "directly on," "directly connected to" or "directly
coupled to" another element or layer, there are no inter-
vening elements or layers present. Like numbers refer
to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.
[0039] It will be understood that, although the terms
first, second, third, etc., may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
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and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, a first element, component, region,
layer or section discussed below could be termed a sec-
ond element, component, region, layer or section without
departing from the teachings of the invention.
[0040] Spatially relative terms, such as "beneath", "be-
low", "lower", "above", "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
[0041] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a," "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "includes" and/or "including," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0042] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0043] Embodiments of the invention are described
herein with reference to cross-section illustrations that
are schematic illustrations of idealized embodiments
(and intermediate structures) of the invention. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments of the
invention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to in-
clude deviations in shapes that result, for example, from
manufacturing. For example, a region illustrated or de-
scribed as flat may, typically, have rough and/or nonlinear
features. Moreover, sharp angles that are illustrated may

be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended
to illustrate the precise shape of a region and are not
intended to limit the scope of the claims set forth herein.
[0044] All methods described herein can be performed
in a suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., "such
as"), is intended merely to better illustrate the invention
and does not pose a limitation on the scope of the inven-
tion unless otherwise claimed. No language in the spec-
ification should be construed as indicating any non-
claimed element as essential to the practice of the inven-
tion as used herein.
[0045] Hereinafter, exemplary embodiments of the in-
vention will be described in further detail with reference
to the accompanying drawings.
[0046] Now, an exemplary embodiment of a liquid crys-
tal display device according to the invention will be de-
scribed in detail with reference to FIGS. 1 and 2.
[0047] FIG. 1 is a top plan view of an exemplary em-
bodiment of a liquid crystal display device according to
the invention, and FIG. 2 is a cross-sectional view taken
along line II-II of the liquid crystal display device of FIG. 1.
[0048] Referring to FIGS. 1 and 2, an exemplary em-
bodiment of the liquid crystal display device includes a
lower panel 100, an upper panel 200 disposed opposite
to the lower panel 100, a liquid crystal layer 3 interposed
between the lower and upper panels 100 and 200, and
a pair of polarizers (not illustrated) attached to outer sur-
faces of the lower and upper panels 100 and 200, re-
spectively.
[0049] First, the lower panel 100 will be described.
[0050] The lower panel 100 includes a first insulation
substrate 110, and a gate line 121 and a storage voltage
line 131 are disposed on the first insulation substrate
110. The gate line 121 and the storage voltage line 131
extend substantially in a first direction, e.g., a horizontal
direction. The gate line 121 includes a gate electrode
124. The storage electrode line 131 includes two first
vertical storage electrode parts 135a extending upward
from an extending direction of the storage electrode line
131, a horizontal storage electrode part 135b connecting
the two first vertical storage electrode parts 135a, and
two second vertical storage electrode parts 135c extend-
ing upward from the horizontal storage electrode part
135b.
[0051] The first vertical storage electrode part 135a is
disposed along a vertical edge of a first electrode 191 h
of a first subpixel, and the second vertical storage elec-
trode part 135c is disposed along a vertical edge of a
second electrode 191l of a second subpixel. In an exem-
plary embodiment, the horizontal storage electrode part
135b is positioned between adjacent horizontal edges of
the first electrode 191 h of the first subpixel of a corre-
sponding pixel and the front first electrode 191l of a sec-
ond subpixel electrode of an adjacent upper pixel, and
disposed along the adjacent horizontal edges.
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[0052] In such an embodiment, the first vertical storage
electrode part 135a and the horizontal storage electrode
part 135b are disposed along the edge of the first elec-
trode 191 h of the first subpixel and overlapping at least
a portion of the first electrode 191 h of the first subpixel,
and the second vertical storage electrode part 135c and
the horizontal storage electrode part 135b are disposed
along the edge of the first electrode 191l of the second
subpixel and overlapping at least a portion of the first
electrode 191l of the second subpixel.
[0053] In such an embodiment, although not shown in
FIG. 1, the horizontal storage electrode parts 135b of a
pixel are electrically connected to corresponding horizon-
tal storage electrode parts 135b disposed at upper and
lower portion of adjacent pixels PX, respectively.
[0054] A gate insulating layer 140 is disposed on the
gate line 121 and the storage voltage line 131. A semi-
conductor layer 154 is disposed on the gate insulating
layer 140. Ohmic contacts (not illustrated) may be dis-
posed on the semiconductors 154.
[0055] Data conductors including a plurality of data
lines 171 including source electrodes 173 and drain elec-
trodes 175 are disposed on the semiconductor 154 and
the gate insulating layer 140.
[0056] The gate electrode 124, the source electrode
173 and the drain electrode 175 collectively define a thin
film transistor together with the semiconductor 154, and
a channel of the thin film transistor is formed in the sem-
iconductor 154 between the source electrode 173 and
the drain electrode 175. According to an exemplary em-
bodiment, the ohmic contacts may be disposed between
the semiconductor 154 and the source electrode 173,
and between the semiconductor 154 and the drain elec-
trode 175, respectively. In such an embodiment, the ohm-
ic contacts substantially improve contact characteristics
between the semiconductor 154 and the source elec-
trode 173, and between the semiconductor 154 and the
drain electrode 175.
[0057] A passivation layer 180 is disposed on the gate
insulating layer 140, the data conductors 171, 173 and
175, and an exposed portion of the semiconductor 154.
The passivation layer 180 may include an inorganic in-
sulator such as silicon nitride and silicon oxide, for ex-
ample, or an organic insulator. In an exemplary embod-
iment, a surface of the passivation layer 180 may be sub-
stantially planarized using an organic insulating layer in-
cluding an organic insulator.
[0058] A contact hole 186 that exposes a portion of the
drain electrode 175 is defined in the passivation layer
180.
[0059] A first electrode 191 including the first electrode
191 h of the first subpixel, the first electrode 191l of the
second subpixel and a connection portion 191 c is dis-
posed on the passivation layer 180.
[0060] The first electrode 191 h of the first subpixel and
the first electrode 191l of the second subpixel are dis-
posed in a first subpixel area and a second subpixel area,
respectively. In an exemplary embodiment, at least a side

portion of the first electrode 191 h of the first subpixel
overlaps with the first vertical storage electrode part 135a
and the horizontal storage electrode part 135b. In such
an embodiment, at least a side portion of the first elec-
trode 191l of the second subpixel overlaps the second
vertical storage electrode part 135c and the horizontal
storage electrode part 135b.
[0061] The first electrode 191 h of the first subpixel and
the first electrode 191l of the second subpixel are con-
nected to each other by the connection portion 191 c,
and the connection portion 191 c is electrically connected
to the drain electrode 175 through the contact hole 186
in the passivation layer 180. In such an embodiment, the
connection portion 191 c receives a data voltage applied
to the drain electrode 175 and transfers the data voltage
to the first electrode 191 h of the first subpixel and the
first electrode 191l of the second subpixel.
[0062] Each of the first electrode 191 h of the first sub-
pixel, the first electrode 191l of the second subpixel and
the connection portion 191c includes a transparent con-
ductive material such as indium tin oxide ("ITO") or indium
zinc oxide ("IZO"), for example, and may not include an
opening therein when viewed from a top view.
[0063] An intermediate passivation layer 185 is dis-
posed on the first electrode 191 and the passivation layer
180, and covers the first electrode 191 and the passiva-
tion layer 180. The intermediate passivation layer 185
may include an inorganic insulator such as silicon nitride
and silicon oxide, for example, or an organic insulator.
In an exemplary embodiment, a surface of the interme-
diate passivation layer may be planarized using an or-
ganic insulating layer including an organic insulator.
[0064] A second electrode 192 including a minute pat-
tern is disposed on the intermediate passivation layer
185. The second electrode 192 includes a second elec-
trode 192h of the first subpixel disposed in the first sub-
pixel area and a second electrode 192l of the second
subpixel disposed in the second subpixel area.
[0065] The second electrode 192h of the first subpixel
includes a minute branch electrode 197h, a stem elec-
trode 195h and a connection electrode 196h, and over-
laps the first electrode 191 h of the first subpixel. In such
an embodiment, the stem electrode 195h has a cross
shape, and the minute branch electrode 197h extends
from the stem electrode 195h at an angle of about 45
degrees. The connection electrode 196h of the first sub-
pixel of pixel extends substantially in a horizontal direc-
tion of the cross shape of the stem electrode 195h and
is connected to the second electrodes 192h of the first
subpixel of an adjacent pixel. In an alternative exemplary
embodiment, the connection electrode 196h may extend
from one of the minute branch electrodes 197h. The sec-
ond electrodes 192h of the first subpixel receive substan-
tially the same voltage through the connection electrode
196h.
[0066] The second electrode 192l of the second sub-
pixel includes a minute branch electrode 1971, a stem
electrode 195l and a connection electrode 1961, and
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overlaps the first electrode 191l of the second subpixel.
In such an embodiment, the stem electrode 195l has a
cross shape, and the minute branch electrode 197l ex-
tends from the stem electrode 195l at an angle of about
45 degrees. The connection electrode 196l extends sub-
stantially in a horizontal direction from the cross shape
of the stem electrode 195l and is connected to the second
electrodes 192l of the second subpixel, which are later-
ally adjacent to each other. According to an exemplary
embodiment, the connection electrode 196l may extend
from one of the minute branch electrodes 1971. The sec-
ond electrodes 192l of the second subpixel receive sub-
stantially the same voltage through the connection elec-
trode 196l, and receive the voltage different from the volt-
age applied to the second electrode 192h of the first sub-
pixel. In an exemplary embodiment, one of the second
electrode 192h of the first subpixel and the second elec-
trode 1921 of the second subpixel may receive a floating
voltage.
[0067] In the first subpixel and the second subpixel,
alignment directions of liquid crystal molecules 310 due
to an electric field may be controlled by the second elec-
trode 192h of the first subpixel and the second electrode
192l of the second subpixel, respectively, which may be
referred to as domain division units. The domain division
units may be an opening pattern defined on the elec-
trodes and may be a protrusion pattern additionally pro-
vided on the electrodes.
[0068] An area of the second subpixel area may be
greater than or equal to an area of the first subpixel area
and less than about twice the area of the first subpixel
area.
[0069] In an exemplary embodiment, the first electrode
191 h of the first subpixel and the first electrode 191l of
the second subpixel receive substantially the same data
voltage. In an alternative exemplary embodiment, the
voltage applied to the second electrode 192h of the first
subpixel and the voltage applied to the second electrode
1921 of the second subpixel may be different from each
other. In an exemplary embodiment, one of the voltages
applied to the second electrode 192h of the first subpixel
and the second electrode 192l of the second subpixel
may be a common voltage or a storage voltage applied
to the storage voltage line 131. In an alternative exem-
plary embodiment, one of the voltages applied to the sec-
ond electrode 192h of the first subpixel and the second
electrode 192l of the second subpixel may have various
voltage levels or may be a floating voltage.
[0070] A lower alignment layer (not illustrated) is dis-
posed on the second electrode 192. The lower alignment
layer may be a vertical alignment layer and may be an
alignment layer including a photoreaction material.
[0071] Next, the upper panel 200 will be described.
[0072] In an exemplary embodiment, the upper panel
200 includes a second insulation substrate 210, and a
light blocking member 220 disposed below the second
insulation substrate 210. The light blocking member 220
is also referred to as a black matrix and blocks light leak-

age. The light blocking member 220 extends along the
gate line 121 to be expanded upward and downward,
and covers a region in which the thin film transistor is
positioned, extends along the data line 171, and covers
the data line 171 and the periphery of the data line 171.
A region which exposed by the light blocking member
220 is defined as a display area which displays an image
by emitting light therefrom.
[0073] Color filters 230 are disposed in the region
which is exposed by the light blocking member 220, and
the periphery of the region. The color filter 230 may dis-
play one of the primary colors such as three primary
colors of red, green and blue, for example. However, the
color filter 230 is not limited to the three primary colors
of red, green and blue. In one alternative exemplary em-
bodiment, the color filter 230 may display one of cyan,
magenta, yellow and white-based colors, for example.
[0074] A planarization layer 250, which include an or-
ganic material and provide a planarized lower surface,
is disposed on the light blocking member 220 and the
color filter 230.
[0075] A third electrode 270 including a transparent
conductive material is disposed on the lower surface of
the planarization layer 250. The third electrode 270 may
be integrally formed as a single unitary and indivisible
unit having a planar shape, and disposed overlapping a
plurality of pixels. The common voltage may be applied
to the third electrode 270.
[0076] An upper alignment layer (not illustrated) is dis-
posed below the third electrode 270. The upper align-
ment layer may be a vertical alignment layer and may be
an alignment layer which is photo-aligned using a pho-
topolymerization material.
[0077] Polarizers (not illustrated) are provided on outer
sides of the lower and upper panels 100 and 200, and
transmissive axes of the polarizers on outer sides of the
lower and upper panels 100 and 200, respectively, are
substantially perpendicular to each other and one of the
transmissive axes of the polarizer may be substantially
parallel to the gate line 121. In an alternative exemplary
embodiment, the polarizer may be disposed only on the
outer side of one of the lower and upper panels 100 and
200.
[0078] A liquid crystal layer 3 is disposed between the
lower and upper panels 100 and 200. The liquid crystal
layer 3 includes a plurality of liquid crystal molecules 310,
which is substantially vertically aligned with respect to
the lower and upper panels 100 and 200 when the electric
field is not generated and has negative dielectric anisot-
ropy.
[0079] A polymer, which is polymerized by light such
as ultraviolet light, may be further included in the liquid
crystal layer 3 or the alignment layer (not illustrated). The
polymer included in the liquid crystal layer 3 may provide
a pretilt angle to the liquid crystal layer 3.
[0080] In an exemplary embodiment, the liquid crystal
molecules 310 in a subpixel have four domains divided
by the second electrode. In such an embodiment, refer-
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ring again to FIG. 1, in the first subpixel and the second
subpixel, the liquid crystal molecules 310 are aligned in
a direction forming an angle of about 45 degrees with the
gate line 121 or the data line 171, and a region having
the liquid crystal molecules 310 aligned in the same di-
rection defines a domain. In such an embodiment, the
liquid crystal molecules 310 in each of the four regions
divided by the stem electrode 195 are aligned in the same
direction and thereby define a domain in the subpixel
area.
[0081] The liquid crystal display device may further in-
clude a spacer (not illustrated) for maintaining a cell gap
between the lower and upper panels 100 and 200. In an
exemplary embodiment, the spacer may be attached to
the upper panel 200 or the lower panel 100.
[0082] The alignment direction of the liquid crystal mol-
ecules 310 is changed by an electric field generated by
the first electrode 191 h of the first subpixel and the first
electrode 191l of the second subpixel, to which the data
voltages are applied, the third electrode 270, to which
the common voltage is applied, and the second electrode
192h of the first subpixel and the second electrode 192l
of the second subpixel, to which different voltages are
applied. In such an embodiment, the liquid crystal mole-
cules 310 of the liquid crystal layer 3, which are aligned
substantially vertical to the lower and upper panels 100
and 200 when the electric field is not applied, are tilted
substantially in a horizontal direction by the electric field,
and luminance of light passing through the liquid crystal
display device varies based on the tilted degree of the
liquid crystal molecules.
[0083] The electric filed in the first subpixel is generat-
ed by the first electrode 191 h of the first subpixel, the
third electrode 270 and second electrode 192h of the first
subpixel, and the electric field in the second subpixel is
generated by the first electrode 191l of the second sub-
pixel, the third electrode 270 and the second electrode
1921 of the second subpixel. In an exemplary embodi-
ment, the third electrode 270 and two lower electrodes
(e.g., the first electrode 191 h of the first subpixel and
second electrode 192h of the first subpixel) are disposed
in the first subpixel, such that a liquid crystal capacitor
formed by the third electrode 270 and the first electrode
191 h of the first subpixel, and a liquid crystal capacitor
formed by the third electrode 270 and the second elec-
trode 192h of the first subpixel are included in the first
subpixel. In such an embodiment, a change in transmit-
tance based on a rotation of the vertically aligned liquid
crystal molecules 310 are not substantially affected by
the electric field generated between the two lower elec-
trodes (e.g., the first electrode 191 h of the first subpixel
and second electrode 192h of the first subpixel) which is
a horizontal electric field.
[0084] Accordingly, in such an embodiment, although
the third electrode 270 and two lower electrodes (e.g.,
the first electrode 191l of the second subpixel and the
second electrode 192l of the second subpixel) are dis-
posed in the second subpixel, only a liquid crystal capac-

itor formed by the third electrode 270 and the first elec-
trode 191l of the second subpixel and a liquid crystal
capacitor formed by the third electrode 270 and the sec-
ond electrode 192l of the second subpixel effectively op-
erate in the subpixel.
[0085] In such an embodiment, as the first electrode
191 h of the first subpixel and the first electrode 191l of
the second subpixel receive substantially the same data
voltage and the third electrode 270 receives the common
voltage, a difference in the electric field between the first
subpixel and the second subpixel is provided based on
the second electrode 192h of the first subpixel and the
second electrode 192l of the second subpixel, to which
different voltages are applied. In such an embodiment,
the liquid crystal capacitor formed by the third electrode
270 of the first subpixel and the first electrode 191 h of
the first subpixel, and the liquid crystal capacitor formed
by the third electrode 270 of the second subpixel and the
first electrode 191l of the second subpixel have substan-
tially the same characteristic. However, the characteris-
tics of the first and second subpixels are changed by the
liquid crystal capacitor formed by the third electrode 270
of the first subpixel and the second electrode 192h of the
first subpixel, and the liquid crystal capacitor formed by
the third electrode 270 of the second subpixel and the
second electrode 192l of the second subpixel.
[0086] Referring back to FIG. 1, in an exemplary em-
bodiment, a single thin film transistor is disposed in the
pixel to provide the date voltage to the first and second
subpixels thereof. In such an embodiment, the gate line
121, the storage voltage line 131 and the single thin film
transistor are disposed between the first and second sub-
pixels, and a width between the first and second subpix-
els is substantially reduced, compared to a conventional
display device including two subpixels, where two or
more thin film transistors are typically disposed between
the two subpixels. In an exemplary embodiment, the data
voltage is applied to the two subpixels through a single
thin film transistor, and a width of the corresponding re-
gion (hereinafter, referred to as a thin film transistor for-
mation region), which is typically covered by the black
matrix, is relatively small such that an aperture ratio is
substantially increased.
[0087] A difference in transmittance between the first
subpixel and the second subpixel will be described with
reference to FIGS. 3 and 4.
[0088] FIG. 3 is a diagram illustrating a transmission
characteristic according to grayscale level for each sub-
pixel in a pixel of an exemplary embodiment of a liquid
crystal display according the invention, and FIG. 4 is a
graph of transmittance according to a voltage applied to
a pixel of an exemplary embodiment of a liquid crystal
display according to the invention.
[0089] FIG. 3 shows transmittance change of the pixel
shown in FIG. 1 when the voltage applied to the pixel is
changed, e.g., gradually increased. However, since the
different voltages are applied to the second electrode
192h of the first subpixel and the second electrode 192l
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of the second subpixel, the transmittance of the first sub-
pixel and the transmittance of the second subpixel have
a large difference in a medium gray. In FIGS. 3 and 4, a
voltage of about 2 volts (V) is applied to the second elec-
trode 192h of the first subpixel, and a voltage of about
zero (0) V is applied to the second electrode 192l of the
second subpixel.
[0090] FIG. 4 shows a graph of transmittance accord-
ing to a voltage.
[0091] As shown in the graph of FIG. 4, in a low voltage
(low grayscale level) and a high voltage (high grayscale
level), a difference in transmittance between the first sub-
pixel and the second subpixel is small, but the difference
in transmittance is large in a medium voltage (medium
grayscale level).
[0092] As illustrated in FIG. 4, visibility at the side is
improved due to the different gamma characteristics in
the first and second subpixels.
[0093] Hereinafter, a structure and a characteristic of
the pixel of an exemplary embodiment of the display de-
vice will be described with reference to FIGS. 5 to 7 and
with reference again to FIGS. 1 and 2.
[0094] FIGS. 5 to 7 are diagrams illustrating charac-
teristics of the pixel of an exemplary embodiment of a
display device according to the invention.
[0095] FIG. 5 is a diagram schematically illustrating a
portion of a cross-sectional structure of the pixel of an
exemplary embodiment of a display device according to
the invention.
[0096] In FIG. 5, two subpixels (e.g., the first subpixel
Sub pixel 1 and the second subpixel Sub pixel 2) included
in a pixel are shown as being laterally connected to each
other, for convenience of illustration, but in an exemplary
embodiment, the two subpixels may not be laterally con-
nected to each other.
[0097] The two subpixels include first electrodes 191h/l
disposed on the first insulation substrate 110, second
electrodes 192h and 1921 disposed overlapping the first
electrode 191 thereon and separated from each other at
a distance, and third electrodes 270 disposed on the sec-
ond insulation substrate 210, respectively.
[0098] In an exemplary embodiment, the second elec-
trodes 192h and 1921 of the two subpixels are electrically
disconnected from each other, have minute linear struc-
tures, and are separated apart from each other at a dis-
tance. In such an embodiment, the first electrode 191h/l
and the third electrode 270 have a planar shape and may
be electrically or physically connected to each other. Ac-
cording to an exemplary embodiment, the first electrodes
191 or the third electrodes 270 of the adjacent pixels may
be electrically or physically connected to each other. In
an exemplary embodiment, as shown in FIGS. 1 and 2
correspond to each other, the third electrodes 270 in ad-
jacent pixels are connected to each other, but the first
electrodes 191 of the adjacent pixels are separated from
each other.
[0099] In an exemplary embodiment, where the first
electrode 191 and the second electrode 192 overlap each

other, but electrically insulated from each other, an inter-
mediate passivation layer 185 is disposed between the
first electrode 191 and the second electrode 192.
[0100] The liquid crystal layer 3 including the liquid
crystal molecules 310, which are substantially vertically
aligned when the electric field is not generated in the
liquid crystal layer 3, is disposed between the second
electrode 192 and the third electrode 270.
[0101] In an exemplary embodiment, constituent ele-
ments other than the constituent elements described
above and not illustrated in FIG. 5 may be further includ-
ed. In an exemplary embodiment, the passivation layer
180 on the first insulation substrate 110 and the planari-
zation layer 250 on the second insulation substrate 210
may be omitted.
[0102] Hereinafter, voltage application in an exemplary
embodiment of the display device will be described in
greater detail.
[0103] In an exemplary embodiment, a data voltage is
applied to the first electrode 191h of the first subpixel Sub
pixel 1, a first bias voltage Bias 1 is applied to the second
electrode 192h of the first subpixel Sub pixel 1, and a
common voltage is applied to the third electrode 270 of
the first subpixel Sub pixel 1. In FIG. 5, the data voltage
is illustrated as Data, and an alternative current voltage
("AC") voltage mark next to the data voltage indicates
that a polarity of the data voltage is repetitively reversed.
[0104] In an exemplary embodiment, the data voltage
is applied to the first electrode 191l of the second subpixel
Sub pixel 2, which is connected to the first electrode 191
h of the first subpixel Sub pixel 1, a second bias voltage
Bias 2 is applied to the second electrode 192l of the sec-
ond subpixel Sub pixel 2, and a common voltage is ap-
plied to the third electrode 270 of the second subpixel
Sub pixel 2, which is connected to the third electrode 270
of the first subpixel Sub pixel 1.
[0105] In an exemplary embodiment, as shown in FIG.
5, the second electrodes 192h and 1921 of the first sub-
pixel Sub pixel 1 and the second subpixel Sub pixel 2
have the linear structure and the minute linear patterns
spaced apart from each other at a distance, but the linear
structure or the structure having the minute linear pat-
terns of the second electrode 192h or 192l is not limited
thereto. The linear structure or the structure having the
minute linear patterns of the second electrode 192h or
1921 in an alternative exemplary embodiment will be de-
scribed later in detail.
[0106] FIG. 6 is a top plan view schematically showing
a structure of an exemplary embodiment of a second
electrode 192.
[0107] In an exemplary embodiment, as shown in FIG.
6, the second electrode 192 includes a minute pattern
defined by a plurality of linear electrodes which are re-
petitively arranged therein, and a pitch between adjacent
linear electrodes, a width W of the linear electrode, and
a distance S between the adjacent linear electrodes are
defined.
[0108] In such an embodiment, the first bias voltage
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Bias 1 is applied to the second electrode 192h of the first
subpixel Sub pixel 1 and the second bias voltage bias 2
is applied to the second electrode 192l of the second
subpixel Sub pixel 2, such that gamma characteristics of
two subpixels are different from each other.
[0109] In such an embodiment, the gamma character-
istic may be determined based on characteristics of the
second electrode 192, such as the pitch, the width and
the distance of the second electrode 192, which will now
be described with reference to FIG. 7.
[0110] FIG. 7 illustrates a graph of transmittance ver-
sus voltage in various exemplary embodiments of the
second electrode 192.
[0111] The first graph of FIG. 7 relates to an exemplary
embodiment in which a width W of a linear electrode of
the second electrode 192 is about 0.5 micrometer (mm),
a distance S between adjacent linear electrodes of the
second electrode 192 is about 2 mm, and a pitch between
the adjacent linear electrode of the second electrode 192
is about 2.5 mm. The second graph of FIG. 7 relates to
an exemplary embodiment in which a width W of the lin-
ear electrode of the second electrode 192 is about 1 mm,
a distance S between the adjacent linear electrode of the
second electrode 192 is about 2 mm, and a pitch between
the adjacent linear electrode of the second electrode 192
is about 3 mm. The third graph of FIG. 7 relates to an
exemplary embodiment in which a width W of the linear
electrode of the second electrode 192 is about 1 mm, a
distance S between the adjacent linear electrode of the
second electrode 192 is about 2 mm, and a pitch between
the adjacent linear electrode of the second electrode 192
is about 4 mm.
[0112] In FIG. 7, four curves are illustrated in each
graph, and represent cases where four different voltages
are applied to the second electrode 192 as the first or
second bias voltage.
[0113] According to FIG. 7, as the applied voltage is
decreased, the voltage-transmittance ("V-T") curves are
more rapidly increased.
[0114] In an exemplary embodiment, gamma charac-
teristic difference between the first subpixel and the sec-
ond subpixel may be greater than a predetermined level,
for example, the difference may be about 0.5 V or more.
In such an embodiment, where the difference in voltage
when the first subpixel and the second subpixel display
the same transmittance is about 0.5 V or more, side vis-
ibility is substantially improved.
[0115] In an exemplary embodiment, the pitch, the
width, and the distance of the adjacent linear electrodes
of the second electrode 192 are determined, and further,
the first and second bias voltages Bias 1 and Bias 2 to
be applied to the second electrode 192h of the first sub-
pixel and the second electrode 192l of the second sub-
pixel may be determined, based on the graphs of FIG. 7.
[0116] In an exemplary embodiment of the invention,
the pitch of the second electrode 192 may be in a range
of about 2.5 mm to about 10 mm, and a ratio of width W
with respect to a distance S W/S may be in a range of

about 0.25 to about 2. In such an embodiment, the first
and second bias voltages may be determined to allow
the difference in voltage when the first subpixel and the
second subpixel display the same transmittance to be
about 0.5 V or more.
[0117] Hereinafter, an alternative exemplary embodi-
ment of the invention will be described with reference to
FIGS. 8 to 11.
[0118] FIGS. 8 to 11 are diagrams illustrating charac-
teristics of the pixel of an alternative exemplary embod-
iment of a display device according to the invention.
[0119] FIG. 8 is a diagram schematically illustrating a
portion of a cross-sectional structure of the pixel of an
exemplary embodiment of a display device according to
the invention.
[0120] In FIG. 8, two subpixels (e.g., the first subpixel
Sub pixel 1 and the second subpixel Sub pixel 2) in a
pixel are shown as being laterally connected to each oth-
er, for convenience of illustration, but the two pixels may
not be connected to each other in an exemplary embod-
iment.
[0121] The two subpixels include first electrodes 191
disposed on the first insulation substrate 110, second
electrodes 192 disposed opposite to the first electrode
191 thereon and spaced apart from each other at a dis-
tance, and third electrodes 270 disposed on the second
insulation substrate 210.
[0122] The second electrodes 192 in the two subpixels
are electrically disconnected from each other, have linear
structures, and are separated from each other at a dis-
tance. In an exemplary embodiment, the first electrode
191 and the third electrode 270 have a planar shape and
may be electrically or physically connected to each other.
According to an exemplary embodiment, the first elec-
trodes 191 or the third electrodes 270 of the adjacent
pixels may be electrically or physically connected to each
other. In an exemplary embodiment, the third electrodes
270 of the adjacent pixels are connected to each other,
and the first electrodes 191 of the adjacent pixels are
spaced apart from each other.
[0123] In an exemplary embodiment, where the first
electrode 191 and the second electrode 192 overlaps
each other, and electrically insulated from each other, an
intermediate passivation layer 185 is disposed between
the first electrode 191 and the second electrode 192.
[0124] The liquid crystal layer 3 including the liquid
crystal molecules 310, which are substantially vertically
aligned when the electric field is not generated in the
liquid crystal layer 3, is disposed between the second
electrode 192 and the third electrode 270.
[0125] In an exemplary embodiment, constituent ele-
ments other than the constituent elements described
above and shown in FIG. 8 may be further included. In
an exemplary embodiment, the passivation layer 180 on
the first insulation substrate 110 and the planarization
layer 250 on the second insulation substrate 210 may be
omitted.
[0126] Hereinafter, voltage application in an exemplary
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embodiment of the display device will be described in
greater detail.
[0127] In an exemplary embodiment, data voltages are
applied to the first electrode 191 h and the second elec-
trode 192h of the first subpixel Sub pixel 1, and a common
voltage is applied to the third electrode 270 of the first
subpixel Sub pixel 1. In FIG. 8, the data voltage is illus-
trated as Data, and an AC mark next to the data voltage
indicates that a polarity of the data voltage is repetitively
reversed.
[0128] In an exemplary embodiment, the data voltage
is applied to the first electrode 191l of the second subpixel
Sub pixel 2, which is connected to the first electrode 191
h of the first subpixel Sub pixel 1, but the second electrode
1921 of the second subpixel Sub pixel 2, to which the
voltage is not applied from the outside, is floated, and a
common voltage is applied to the third electrode 270 of
the second subpixel Sub pixel 2, which is connected to
the third electrode 270 of the first subpixel Sub pixel 1.
[0129] In FIG. 8, the second electrodes 192 have the
linear structures and the minute linear patterns spaced
apart from each other at a distance, but the linear struc-
ture or the structure having the minute linear patterns of
the second electrode 192 is not limited thereto. The linear
structure or the structure having the minute linear pat-
terns of the second electrode 192h or 192l in an alterna-
tive exemplary embodiment will be described later in de-
tail.
[0130] FIG. 9 is a top plan view schematically showing
a structure of an exemplary embodiment of a second
electrode 192 .
[0131] In an exemplary embodiment, as shown in FIG.
9, the second electrodes 192 are includes a minute pat-
tern defined by a plurality of linear electrodes which are
repetitively arranged therein, and a pitch between the
adjacent linear electrodes, a width W of the linear elec-
trode, and a distance S between the adjacent linear elec-
trodes are defined.
[0132] In such an embodiment, the data voltage is ap-
plied to the second electrode 192h of the first subpixel
Sub pixel 1 and the second electrode 192l of the second
subpixel Sub pixel 2 is floated such that the gamma char-
acteristics of the two subpixels are different from each
other.
[0133] In such an embodiment, the gamma character-
istic may be determined based on characteristics of the
second electrode 192, such as the pitch, the width, and
the distance of the second electrode 192, which will now
be described with reference to 10 and 11.
[0134] FIGS. 10 and 11 illustrate graphs of transmit-
tance versus voltage in various exemplary embodiments
of the second electrode 192.
[0135] The first graph of FIG. 10 relates to an exem-
plary embodiment in which a width W of a linear electrode
of the second electrode 192 is about 2 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 4 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6

mm. The second graph of FIG. 10 relates to an exemplary
embodiment in which a width W of a linear electrode of
the second electrode 192 is about 4 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 2 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6
mm.
[0136] In FIG. 10, the pitches of the exemplary embod-
iments are substantially the same as each other, and
ratios of the width W with respect to the distance S of the
exemplary embodiments are different from each other.
[0137] Further, in FIG. 10, "shorted" means that the
data voltage is applied to the first subpixel like the first
subpixel Sub pixel 1 of FIG. 8, and "floating" means that
the second subpixel is floated like the second subpixel
Sub pixel 2 of FIG. 8.
[0138] Further, in FIG. 10, a thickness of the interme-
diate passivation layer 185 (Passi) in the exemplary em-
bodiments is about 1,600 nanometers (nm).
[0139] As shown in the graphs of FIG. 10, as the ratio
of width W respect to distance S of the linear electrodes
of the second pixel 192 is changed, the V-T characteristic
is changed. In such embodiments, as shown in FIG. 10,
a voltage difference when the first subpixel and the sec-
ond subpixel display the same transmittance in the me-
dium grayscale level is about 0.5 V or more, such that
side visibility is substantially improved.
[0140] In such an embodiment, the pitch between the
adjacent linear electrode of the second electrode 192
may have a value in a range of about 2.5 mm to about
10 mm, and a value of width W respect to distance S may
have a value in a range of about 0.25 to about 2.
[0141] FIG. 11 illustrates a change in V-T characteristic
according to a thickness of the intermediate passivation
layer 185.
[0142] In the first graph of FIG. 11, the thickness of the
intermediate passivation layer 185 is about 200 nm, and
in the second graph of FIG. 11, the thickness of the in-
termediate passivation layer 185 is about 800 nm. Fur-
ther, in the first graph and the second graph of FIG. 11,
V-T characteristics of an exemplary embodiment where
a ratio of width W with respect to distance S is about 2:4
and an exemplary embodiment where the ratio is about
4:2 in the exemplary embodiment of FIG. 8 are shown.
[0143] Referring to FIG. 11, in an exemplary embodi-
ment where the thickness of the intermediate passivation
layer 185 is relative small, the voltage difference between
the first subpixel and the second subpixel in the medium
grayscale level is less than about 0.5 V, such that side
visibility may not be effectively improved. In an exemplary
embodiment, the intermediate passivation layer 185 may
have a thickness of about 300 nm or more such that the
side visibility is substantially improved.
[0144] Hereinafter, another alternative exemplary em-
bodiment of the invention will be described with reference
to FIGS. 12 to 14.
[0145] FIGS. 12 to 14 are diagrams illustrating char-
acteristics of the pixel of another alternative exemplary
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embodiment of a display device according to the inven-
tion.
[0146] FIG. 12 is a diagram schematically illustrating
a portion of a cross-sectional structure of the pixel of an
exemplary embodiment of a display device according to
the invention.
[0147] In FIG. 12, two subpixels (the first subpixel Sub
pixel 1 and the second subpixel Sub pixel 2) of a pixel
are shown as being laterally connected to each other, for
convenience of illustration, but in an exemplary embod-
iment, the two subpixels may not be connected to each
other.
[0148] The two subpixels include first electrodes 191
on the first insulation substrate 110, second electrodes
192 opposite to the first electrode 191 thereon and
spaced apart from each other at a distance, and third
electrodes 270 on the second insulation substrate 210.
[0149] The second electrodes 192 in the two subpixels
are electrically disconnected from each other, have linear
structures and minute linear patterns that are spaced
apart from each other at a distance. In an exemplary em-
bodiment, the first electrode 191 and the third electrode
270 have a planar shape and may be electrically or phys-
ically connected to each other. According to an exem-
plary embodiment, the first electrodes 191 or the third
electrodes 270 of the adjacent pixels may be electrically
or physically connected to each other. In an exemplary
embodiment, as shown in FIG. 12, the first electrodes
191 of the adjacent pixels are connected to each other,
but the third electrodes 270 of the adjacent pixels are
spaced apart from each other.
[0150] In an exemplary embodiment, where the first
electrode 191 and the second electrode 192 overlap each
other, but electrically insulated from each other, an inter-
mediate passivation layer 185 is disposed between the
first electrode 191 and the second electrode 192.
[0151] The liquid crystal layer 3 including the liquid
crystal molecules 310, which are substantially vertically
aligned when the electric field is not generated therein,
is disposed between the second electrode 192 and the
third electrode 270.
[0152] In an exemplary embodiment, constituent ele-
ments other than the constituent elements described
above and shown in FIG. 12 may be further included. In
an exemplary embodiment, the passivation layer 180 on
the first insulation substrate 110 and the planarization
layer 250 on the second insulation substrate 210 may be
omitted.
[0153] Hereinafter, voltage application in an exemplary
embodiment of the display device will be described in
greater detail.
[0154] In an exemplary embodiment, a common volt-
age is applied to the first electrode 191 h of the first sub-
pixel, a first bias voltage Bias 1 is applied to the second
electrode 192h, and a data voltage is applied to the third
electrode 270. In FIG. 12, the data voltage is illustrated
as Data, and an AC mark next to the data voltage indi-
cates that a polarity of the data voltage is repetitively

reversed.
[0155] In an exemplary embodiment, the common volt-
age is applied to the first electrode 191l of the second
subpixel Sub pixel 2, which is connected to the first elec-
trode 191 h of the first subpixel Sub pixel 1, the second
bias voltage Bias 2 is applied to the second electrode
192l of the second subpixel Sub pixel 2, and the data
voltage is applied to the third electrode 270 of the second
subpixel Sub pixel 2, which is connected to the third elec-
trode 270 of the first subpixel Sub pixel 1.
[0156] In FIG. 12, the second electrodes 192 have the
linear structures and the minute linear patterns separated
from each other at a distance, but not being limited there-
to. The linear structure or the structure having the minute
linear patterns of the second electrode 192h or 192l in
an alternative exemplary embodiment will be described
later in detail.
[0157] FIG. 13 is a top plan view schematically showing
a structure of an exemplary embodiment of a second
electrode 192.
[0158] In an exemplary embodiment, as shown in FIG.
13, the second electrodes 192 includes a minute pattern
defined by a plurality of linear electrodes which are re-
petitively arranged therein, and a pitch between the ad-
jacent linear electrodes, a width W of the linear elec-
trodes, and a distance S between the adjacent linear
electrodes are defined.
[0159] In such an embodiment, the first bias voltage
Bias 1 is applied to the second electrode 192h of the first
subpixel Sub pixel 1 and the second bias voltage Bias 2
is applied to the second electrode 192l of the second
subpixel Sub pixel 2, such that gamma characteristics of
the two subpixels are different from each other.
[0160] In such an embodiment, the gamma character-
istic may be determined based on characteristics of the
second electrode 192, such as the pitch, the width and
the distance of the second electrode 192, which will now
be described with reference to FIG. 14.
[0161] FIG. 14 illustrates a graph of transmittance ver-
sus voltage in various exemplary embodiment of the sec-
ond electrode 192.
[0162] The first graph of FIG. 14 relates to an exem-
plary embodiment in which a width W of a linear electrode
of the second electrode 192 is about 2 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 4 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6
mm. The second graph of FIG. 14 relates to an exemplary
embodiment in which a width W of a linear electrode of
the second electrode 192 is about 3 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 3 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6
mm. The third graph of FIG. 14 relates to an exemplary
embodiment in which a width W of a linear electrode of
the second electrode 192 is about 4 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 2 mm, and a pitch between adjacent
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linear electrodes of the second electrode 192 is about 6
mm.
[0163] In FIG. 14, four curves are illustrated in each
graph, and represent cases where four different voltages
are applied to the second electrode 192.
[0164] According to FIG. 14, as the applied voltage is
decreased, the V-T curves are more rapidly increased.
[0165] In an exemplary embodiment, gamma charac-
teristic difference between the first subpixel and the sec-
ond subpixel may be greater than a predetermined level,
for example, the difference may be about 0.5 V or more.
In such an embodiment, where the difference in voltage
when the first subpixel and the second subpixel display
the same transmittance is about 0.5 V or more, side vis-
ibility is substantially improved.
[0166] In an exemplary embodiment, the pitch, the
width and the distance of the second electrode 192 are
determined, and further, the first and second bias volt-
ages Bias 1 and Bias 2 to be applied to the second elec-
trode 192h of the first subpixel and the second electrode
1921 of the second subpixel may be determined, based
on the graphs of FIG. 14.
[0167] In an exemplary embodiment, the pitch of the
second electrode 192 may have a value in a range of
about 2.5 mm to about 10 mm, and a value of width W
with respect to distance S may have a value in a range
of about 0.25 to about 2. In such an embodiment, the first
and second bias voltages may be determined to allow
the difference in voltage when the first subpixel and the
second subpixel display the same transmittance to be
about 0.5 V or more.
[0168] Hereinafter, yet another exemplary embodi-
ment of the invention will be described with reference to
FIGS. 15 to 18.
[0169] FIGS. 15 to 18 are diagrams illustrating char-
acteristics of the pixel of an exemplary embodiment of a
display device according to an exemplary embodiment
of the invention.
[0170] First, this will be described in FIG. 15.
[0171] FIG. 15 is a diagram schematically illustrating
a portion of a cross-sectional structure of the pixel of an
exemplary embodiment of a display device according to
the invention.
[0172] In FIG. 15, two subpixels (e.g., the first subpixel
Sub pixel 1 and the second subpixel Sub pixel 2) in a
pixel are shown as being laterally connected to each oth-
er, for convenience of illustration, but the two pixels may
not be connected to each other in an exemplary embod-
iment.
[0173] The two subpixels include first electrodes 191
on the first insulation substrate 110, second electrodes
192 opposite to the first electrode 191 thereon and
spaced apart from each other at a distance, and third
electrodes 270 on the second insulation substrate 210.
[0174] The second electrodes 192 in the two subpixels
are electrically disconnected from each other, have linear
structures and minute linear patterns which are spaced
apart from each other at a distance. In an exemplary em-

bodiment, the first electrode 191 and the third electrode
270 have a planar shape and may be electrically or phys-
ically connected to each other. According to an exem-
plary embodiment, the first electrodes 191 or the third
electrodes 270 of the adjacent pixels may be electrically
or physically connected to each other. In an exemplary
embodiment, as shown in FIG. 15, the first electrodes
191 of the adjacent pixels are connected to each, but the
third electrodes 270 of the adjacent pixels are spaced
apart from each other.
[0175] In an exemplary embodiment, where the first
electrode 191 and the second electrode 192 overlap with
each other, but electrically insulated from each other, an
intermediate passivation layer 185 is disposed between
the first electrode 191 and the second electrode 192.
[0176] The liquid crystal layer 3 including the liquid
crystal molecules 310, which are substantially vertically
aligned when the electric field is not generated therein,
is disposed between the second electrode 192 and the
third electrode 270.
[0177] In an exemplary embodiment, constituent ele-
ments other than the constituent elements described
above and shown in FIG. 15 may be further included. In
an exemplary embodiment, the passivation layer 180 on
the first insulation substrate 110 and the planarization
layer 250 on the second insulation substrate 210 may be
omitted.
[0178] Hereinafter, voltage application in an exemplary
embodiment of the display device will be described in
greater detail.
[0179] In an exemplary embodiment, common voltag-
es are applied to the first electrode 191 h and the second
electrode 192h of the first subpixel Sub pixel 1, and a
data voltage is applied to the third electrode 270 of the
first subpixel Sub pixel 1. In FIG. 15, the data voltage is
illustrated as Data, and an AC mark next to the data volt-
age indicate that a polarity of the data voltage is repeti-
tively reversed.
[0180] In an exemplary embodiment, the common volt-
age is applied to the first electrode 191l of the second
subpixel Sub pixel 2, which is connected to the first elec-
trode 191h of the first subpixel Sub pixel 1, but the second
electrode 192l of the second subpixel Sub pixel 2, to
which the voltage is not applied from the outside, is float-
ed, and the data voltage is applied to the third electrode
270 of the second subpixel Sub pixel 2, which is connect-
ed to the third electrode 270 of the first subpixel Sub pixel
1.
[0181] In an exemplary embodiment, as shown in FIG.
15, the second electrodes 192h and 192l of the first sub-
pixel Sub Pixel 1 and the second subpixel Sub Pixel 2
have the linear structure and the minute linear patterns
spaced apart from each other at a distance, but the linear
structure or the structure having the minute linear pat-
terns of the second electrode 192h or 192l is not limited
thereto. The linear structure or the structure having the
minute linear patterns of the second electrode 192h or
192l in an alternative exemplary embodiment will be de-
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scribed later in detail.
[0182] FIG. 16 is a top plan view schematically showing
a structure of a second electrode 192 of an exemplary
embodiment.
[0183] In an exemplary embodiment, as shown in FIG.
16, the second electrodes 192 includes a minute pattern
defined by a plurality of linear electrodes which are re-
petitively arranged therein, and a pitch between the ad-
jacent linear electrodes, a width W of the linear electrode,
and a distance S between the linear electrodes are de-
fined.
[0184] In such an embodiment, the first bias voltage
Bias 1 is applied to the second electrode 192h of the first
subpixel Sub pixel 1, and the second electrode 1921 of
the second subpixel Sub pixel 2 is floated, such that the
gamma characteristics of the two subpixels are different
from each other.
[0185] In such an embodiment, the gamma character-
istic may be determined based on characteristics of the
second electrode 192, such as the pitch, the width and
the distance of the second electrode 192, which will now
be described with reference to FIGS. 17 and 18.
[0186] FIGS. 17 and 18 illustrate graphs of transmit-
tance versus voltage in various exemplary embodiment
of the second electrode 192.
[0187] The first graph of FIG. 17 relates to an exem-
plary embodiment in which a width W of a linear electrode
of the second electrode 192 is about 2 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 4 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6
mm. The second graph of FIG. 17 relates to an exemplary
embodiment in which a width W of a linear electrode of
the second electrode 192 is about 4 mm, a distance S
between adjacent linear electrodes of the second elec-
trode 192 is about 2 mm, and a pitch between adjacent
linear electrodes of the second electrode 192 is about 6
mm.
[0188] In FIG. 17, the pitches of the exemplary embod-
iments are substantially the same as each other, and
ratios of the width W with respect to the distance S of the
exemplary embodiments are different from each other.
[0189] Further, in FIG. 17, shorted means that the com-
mon voltage is applied to the first subpixel like the first
subpixel Sub pixel 1 of FIG. 15, and floating means that
the second subpixel is floated like the second subpixel
Sub pixel 2 of FIG. 15.
[0190] Further, in FIG. 17, a thickness of the interme-
diate passivation layer 185 in the exemplary embodi-
ments is about 1,600 nm.
[0191] As shown in the graphs of FIG. 17, as the ratio
of width W with respect to distance S of the second pixel
192 is changed, the V-T characteristic is changed. In such
an embodiment, as shown in FIG. 17, a voltage difference
when the first subpixel and the second subpixel display
the same transmittance in the medium grayscale level is
about 0.5 V or more, such that side visibility is substan-
tially improved.

[0192] In such an embodiment, the pitch between the
adjacent linear electrode of the second electrode 192
may have a value in a range of about 2.5 mm to about
10 mm, and a value of width W respect to distance S may
have a value in a range of about 0.25 to about 2.
[0193] FIG. 18 illustrates a change in V-T characteristic
according to a thickness of the intermediate passivation
layer 185.
[0194] In the first graph of FIG. 18, the thickness of the
intermediate passivation layer 185 is about 200 nm, and
in the second graph of FIG. 18, the thickness of the in-
termediate passivation layer 185 is about 800 nm. Fur-
ther, in the first graph and the second graph of FIG. 18,
both the case where a ratio of width W with respect to
distance S is about 2:4 and the case where the ratio is
about 4:2 in the exemplary embodiment of FIG. 8 are
experimented.
[0195] Referring to FIG. 18, in an exemplary embodi-
ment where the thickness of the intermediate passivation
layer 185 is small, the voltage difference between the
first subpixel and the second subpixel in the medium
grayscale level is less than about 0.5 V such that side
visibility may not be effectively improved. In an exemplary
embodiment, the intermediate passivation layer 185 may
have a thickness of about 300 nm or more such that the
side visibility is substantially improved.
[0196] Hereinafter, another alternative exemplary em-
bodiment of the display device will be described with ref-
erence to FIGS. 19 and 20.
[0197] FIGS. 19 to 20 are cross-sectional views of a
pixel of an exemplary embodiment of a display device
according to the invention.
[0198] The display device in FIGS. 19 to 20 is substan-
tially the same as the display device shown in FIGS. 1
and 2, and the same or like elements shown in FIGS. 19
and 20 have been labeled with the same reference char-
acters as used above to describe the exemplary embod-
iments of the display device shown in FIGS. 1 and 2.
[0199] First, FIG. 19 is a cross-sectional view of an
exemplary embodiment in which a pair of horizontal stor-
age electrode parts 135b is disposed at sides of the data
line 171 as in the exemplary embodiment of FIGS. 1 and
2.
[0200] A region where the horizontal storage electrode
part 135b is formed is a region through which light does
not pass, and an aperture ratio deteriorates in the region.
According to an exemplary embodiment, the light block-
ing member 220 may cover the horizontal storage elec-
trode part 135b.
[0201] In an alternative exemplary embodiment, as
shown in FIG. 20, the horizontal storage electrode part
135b is omitted such that transmittance is improved by
increasing an aperture ratio.
[0202] In an exemplary embodiment, as shown in
FIGS. 19 and 20, the color filter 230 is disposed on the
first insulation substrate 110, and the second passivation
layer 183 is disposed on the color filter 230.
[0203] In such an embodiment, as shown in FIGS. 19
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and 20, a lower semiconductor layer 151 below the data
line 171 may be etched using a mask that used to provide
the data line 171.
[0204] Hereinafter, structures of various exemplary
embodiments of the second electrode 192 will be de-
scribed with reference to FIGS. 21 to 23.
[0205] FIGS. 21 to 23 are top plan views of exemplary
embodiments of a second electrode according to the in-
vention.
[0206] First, an exemplary embodiment of the second
electrode 192 of FIG. 21 is substantially the same as the
second electrode 192 shown in FIG. 1 except that outer
sides of the minute branch electrode 197 and the stem
electrode 195 are surrounded by an outer portion 196’.
[0207] An exemplary embodiment of the second elec-
trode 192 of FIG. 21 includes the minute branch electrode
197, the stem electrode 195 and the outer portion 196’.
The outer portion 196’ surrounds the minute branch elec-
trode 197 and the stem electrode 195 such that an open-
ing surrounded by the minute branch electrode 197, the
stem electrode 195 and the outer portion 196’ is defined
therein.
[0208] The exemplary embodiment of FIG. 21 may fur-
ther include a connection portion (see 196 of FIG. 1)
which laterally extends in the outer portion 196’.
[0209] In an alternative exemplary embodiment, the
second electrode 192 may have a partial planar electrode
194’ instead of the stem electrode 195 as shown in FIGS.
22 and 23.
[0210] An exemplary embodiment of the second elec-
trode 192 including the partial planar electrode 194’ will
be described in FIG. 22.
[0211] In an exemplary embodiment, a partial planar
electrode 194’ disposed at a center portion of in the first
or second subpixel area and a plurality of minute branch
electrodes 197’ protruding from the partial planar elec-
trode 194’ in an oblique direction are included. In such
an embodiment, the partial planar electrode 194’ may
have a rhombus-like shape, e.g., a regular shape as
shown in FIG. 22. The minute branch electrode 197’ may
extend at an angle of about 45 degrees with respect to
the gate line or the data line. In an alternative exemplary
embodiment, the minute branch electrode 197’ may ex-
tend from a side of the partial planar electrode 194’ in a
vertical direction with respect to the side.
[0212] In an alternative exemplary embodiment, refer-
ring to FIG. 23, the second electrode 192 may further
include the outer portion 196’. The outer portion 196’ has
a structure surrounding the partial planar electrode 194’
and the minute branch electrode 197’. In such an em-
bodiment, an opening surrounded by the minute branch
electrode 197’, the partial planar electrode 194’, and the
outer portion 196’ is defined.
[0213] In an alternative exemplary embodiment, the
second electrode 192 may include only the minute
branch electrodes which extend only in one direction in
a subpixel area. In such an embodiment, the minute
branch electrodes may be substantially parallel with the

gate line or the data line or may be tilted at a predeter-
mined angle (for example, about 45 degrees) with the
gate line or the data line.
[0214] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims

1. A liquid crystal display device, comprising:

a first substrate;
a second substrate disposed opposite to the first
substrate;
a liquid crystal layer disposed between the first
substrate and the second substrate and com-
prising liquid crystal molecules which are sub-
stantially vertically aligned when an electric field
is not generated in the liquid crystal layer; and
a plurality of pixels, each of which comprises a
first subpixel and a second subpixel,
wherein each of the first subpixel and the second
subpixel comprises:

a first electrode disposed on the first sub-
strate and having a planar shape;
a second electrode disposed opposite to
and spaced apart from the first electrode
and comprising a linear electrode; and
a third electrode disposed on the second
substrate and having a planar shape,
wherein a voltage applied to the second
electrode of the first subpixel and a voltage
applied to the second electrode of the sec-
ond subpixel are different from each other.

2. The liquid crystal display device of claim 1, wherein
the first electrode of the first subpixel and the first
electrode of the second subpixel are electrically con-
nected to each other.

3. The liquid crystal display device of claim 2, wherein
the third electrode of the first subpixel and the third
electrode of the second subpixel are electrically con-
nected to each other.

4. The liquid crystal display device of claim 3, wherein
the first electrode receives a data voltage.

5. The liquid crystal display device of claim 4, wherein
the third electrode receives a common voltage.

6. The liquid crystal display device of claim 5, wherein
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the third electrode of a pixel is electrically connected
to the third electrode of an adjacent pixel.

7. The liquid crystal display device of claim 6, wherein
the second electrode of the first subpixel receives a
first bias voltage having a predetermined level, and
the second electrode of the second subpixel receives
a second bias voltage which has a predetermined
level different from the predetermined level of the
first bias voltage.

8. The liquid crystal display device of claim 7, wherein
at least one of the first and second bias voltages is
a storage voltage.

9. The liquid crystal display device of claim 7, wherein
the first bias voltage is the data voltage.

10. The liquid crystal display device of claim 6, wherein
the second electrode of the first subpixel receives a
first bias voltage having a predetermined level, and
the second electrode of the second subpixel is a
floating electrode which does not receive a voltage.

11. The liquid crystal display device of claim 10, wherein
the first bias voltage is a storage voltage.

12. The liquid crystal display device of claim 10, wherein
the first bias voltage is the data voltage.

13. The liquid crystal display device of claim 3, wherein
the first electrode receives a common voltage.

14. The liquid crystal display device of claim 13, wherein
the third electrode receives a data voltage.

15. The liquid crystal display device of claim 14, wherein
the first electrode of the first subpixel and the first
electrode of the second subpixel in a pixel, and the
first electrode of the first subpixel and the first elec-
trode of the second subpixel in an adjacent pixel are
electrically connected to each other.
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