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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation application of
U.S. application Ser. No. 14/453,699 filed on Aug. 7, 2014
and issued as U.S. Pat. No. 9,448,453 on Sep. 20, 2016,
which is a continuation of U.S. application Ser. No. 13/592,
525 filed on Aug. 23, 2012 and issued as U.S. Pat. No.
8,804,083 on Aug. 12, 2014, which claims priority to Korean
Patent Application Serial No. 10-2011-0126671 filed on
Nov. 30, 2011, and all the benefits accruing therefrom under
35 U.S.C. §119(a), the entire disclosure of which is hereby
incorporated by reference.

BACKGROUND
[0002] (1) Field
[0003] The invention relates to a liquid crystal display
device.
[0004] (2) Description of the Related Art
[0005] A liquid crystal display device, one of the most

widely used flat panel display devices, includes two display
panels, on which are formed electric field-generating elec-
trodes such as pixel electrodes and common electrodes, and
a liquid crystal layer filled between the display panels.
[0006] An electric field is generated in the liquid crystal
layer by applying a voltage to the electric field-generating
electrodes, and the generated electric field changes align-
ment of liquid crystal molecules in the liquid crystal layer.
The change in alignment of liquid crystal molecules makes
it possible to control the polarization of incident light,
thereby displaying images using the light.

[0007] Aliquid crystal display device includes a switching
element connected to a pixel electrode, and a plurality of
signal lines (such as a gate line and a data line) for applying
a voltage to the pixel electrode by controlling the switching
element.

[0008] Among liquid crystal display devices, a liquid
crystal display device based on a vertically aligned mode,
which aligns the major axis of liquid crystal molecules to be
perpendicular to a display panel when no electric field is
applied, is in the limelight because the vertically aligned
mode has a relatively high contrast ratio and a wide viewing
angle.

[0009] However, for the vertically aligned mode-based
liquid crystal display device, side visibility may be lower
than front visibility. To improve visibility of the vertically
aligned mode-based liquid crystal display device, one pixel
in the liquid crystal display device is divided into a high
subpixel to which is applied a relatively high voltage and a
low subpixel to which is applied a relatively low voltage, to
adjust transmittance thereof, thereby improving the visibil-

1ty.
SUMMARY

[0010] One or more exemplary embodiment of the inven-
tion improves visibility of a liquid crystal display device
with use of a reference voltage line connected to a voltage-
dividing switching element for adjusting a voltage level of
a low subpixel to which is applied a relatively low voltage.
[0011] One or more exemplary embodiment of the inven-
tion suppresses occurrence of an electrical short between a
reference voltage line and an adjacent data line by optimiz-
ing a structure and a layout of the reference voltage line.

[0012] In one exemplary embodiment of the invention,
there is provided a liquid crystal display device including
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adjacent upper and lower pixels; gate lines in electrical
connection with the pixels and extending in a row direction;
data lines which cross the gate lines; and a reference voltage
line including a vertical portion which passes through the
pixels, and horizontal portions which alternately extend
from the vertical portion. Each of the pixels includes first
and second thin film transistors (“TFTs”) each in electrical
connection with a gate line and a data line which correspond
to a respective pixel; and a pixel electrode including a first
subpixel electrode in connection with an output terminal of
the first TFT and a second subpixel electrode in connection
with an output terminal of the second TFT. The horizontal
portions of the reference voltage line are in electrical con-
nection with the second subpixel electrodes of the pixels.

[0013] Inaccordance with another exemplary embodiment
of the invention, there is provided a display device including
a substrate; a pixel on the substrate; a gate line in electrical
connection with the pixel and extending in a row direction;
a data line which crosses the gate line; and a reference
voltage line. The pixel includes first and second TFTs each
in electrical connection with the gate line and the data line;
and a pixel electrode including a first subpixel electrode in
connection with an output terminal of the first TFT and a
second subpixel electrode in connection with an output
terminal of the second TFT, a horizontal side of the pixel
electrode in the row direction being longer than a vertical
side of the pixel electrode. The reference voltage line
includes a vertical portion which passes through an area
including the pixel electrode, and a horizontal portion which
extends from the vertical portion along a perimeter of a
horizontal side of the pixel electrode and is in electrical
connection with the second subpixel electrode.

[0014] In accordance with further another exemplary
embodiment of the invention, there is provided a liquid
crystal display device including a first substrate; a second
substrate which faces the first substrate; a liquid crystal layer
between the first and second substrates and including liquid
crystal molecules; a plurality of gate lines on the first
substrate and extending in a row direction; a plurality of data
lines on a first insulating layer which is on the first substrate,
the data lines extending in a column direction; pixel elec-
trodes on a second insulating layer which is on the first
insulating layer, between adjacent gate lines among the
plurality of gate lines and between adjacent data lines among
the plurality of data lines, each of the pixel electrodes
including first and second-area electrodes; switching ele-
ments which alternately connect the pixel electrodes in a
same row to the data lines adjacent to the pixel electrodes in
the same row, each of the switching elements including at
least two TFTs, sources and gates of the TFTs are in
connection with data lines and gate lines corresponding to
the TFTs, respectively, and drains of the TFTs are in con-
nection with first and second-area electrodes corresponding
to the TFTs, respectively; a reference voltage line on the
second insulating layer, the reference voltage line including
vertical lines which extend in the column direction and in
predetermined areas of the pixel electrodes, and horizontal
lines in connection with the second-area electrodes along
perimeters between the pixel electrodes and alternately
extending in the row direction from the vertical lines; and a
common electrode facing the pixel electrodes and on the
second substrate.

[0015] In accordance with yet another exemplary embodi-
ment of the invention, there is provided a liquid crystal
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display device including a first substrate; a second substrate
which faces the first substrate; a liquid crystal layer between
the first and second substrates and including liquid crystal
molecules; a plurality of gate lines on the first substrate and
extending in a row direction; a plurality of data lines on a
first insulating layer which is on the first substrate, the data
lines extending in a column direction; pixel electrodes on a
second insulating layer which is on the first insulting layer,
between adjacent gate lines among the plurality of gate lines
and between adjacent data lines among the plurality of data
lines, a horizontal side of the pixel electrodes in the row
direction being longer than a vertical side of the pixel
electrodes in the column direction, each of the pixel elec-
trodes including first and second-area electrodes; switching
elements which connect the pixel electrodes in a same row
to the data lines adjacent to the pixel electrodes in the same
row, each of the switching elements including at least two
TFTs, sources and gates of the TFTs in connection with data
lines and gate lines corresponding to the TFTs, respectively,
and drains of the TFTs in connection with the first and
second-area electrodes corresponding to the TFTs, respec-
tively; a reference voltage line on the second insulating
layer, the reference voltage line including vertical lines
which extend in the column direction and in predetermined
areas of the pixel electrodes, and horizontal lines in con-
nection with the second-area electrodes along perimeters
between the pixel electrodes and extending in the row
direction; and a common electrode which faces the pixel
electrodes and on the second substrate.

[0016] In accordance with still another exemplary
embodiment of the invention, there is provided a display
device including a substrate; a pixel on the substrate; a gate
line in electrical connection with the pixel and extending in
a row direction, and a data line which crosses the gate line.
The pixel includes first and second TFTs in electrical con-
nection with the gate line and the data line; and a pixel
electrode including a first subpixel electrode in connection
with an output terminal of the first TFT and a second
subpixel electrode in connection with an output terminal of
the second TFT. The display device includes a reference
voltage line including a vertical portion which passes
through an area including the pixel electrode, a first hori-
zontal portion which extends from the vertical portion in a
first direction in the row direction and in electrical connec-
tion with the second subpixel electrode, and a second
horizontal portion which extends in a direction opposite to
the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other features and advantages of
one or more exemplary embodiments of the invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0018] FIG. 1 illustrates an equivalent circuit diagram of
an exemplary embodiment of one pixel in a liquid crystal
display device according to the invention,

[0019] FIG. 2 is a plan view of an exemplary embodiment
of upper and lower pixels in the liquid crystal display device
shown in FIG. 1, according to the invention;

[0020] FIGS. 3A and 3B are cross-sectional views taken
along lines IITA-IIT'A and IIIB-III'B respectively, in FIG. 2;
[0021] FIG. 4 isa plan view of another exemplary embodi-
ment of upper and lower pixels in the liquid crystal display
device shown in FIG. 1, according to the invention;
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[0022] FIG. 5 is a cross-sectional view taken along line
V-V'in FIG. 4;
[0023] FIG. 6 illustrates an equivalent circuit diagram of

another exemplary embodiment of one pixel in a liquid
crystal display device according to the invention; and
[0024] FIG. 7 is a plan view of an exemplary embodiment
of upper and lower pixels in the liquid crystal display device
shown in FIG. 6.

DETAILED DESCRIPTION

[0025] Exemplary embodiments of the invention will be
described in detail below with reference to the accompany-
ing drawings. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary 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. In the drawings, the
size and relative sizes of layers and regions may be exag-
gerated for clarity.

[0026] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another
element or layer, the element or layer can be directly on or
connected to another element or layer or intervening ele-
ments or layers. In contrast, when an element is referred to
as being “directly on” or “directly connected to” another
element or layer, there are no intervening elements or layers
present. As used herein, connected may refer to elements
being physically and/or electrically connected to each other.
It should be noted that in this application, like reference
numerals denote like parts or elements. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0027] 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 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, laver or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the invention.

[0028] Spatially relative terms, such as “lower,” “under,”
“above,” “upper” and the like, may be used herein for ease
of description to describe the relationship of one element or
feature 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 different 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, elements described as “lower” or
“under” relative to other elements or features would then be
oriented “above” relative to the other elements or features.
Thus, the exemplary term “below” can encompass both an
orientation of above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein interpreted
accordingly.

[0029] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular

forms “a,” “an” and “the” are intended to include the plural
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forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0030] Embodiments of the invention are described herein
with reference to cross-section illustrations that are sche-
matic illustrations of idealized embodiments (and interme-
diate structures) of the invention. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

[0031] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing 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.
[0032] Hereinafter, the invention will be described in
detail with reference to the accompanying drawings.
[0033] FIG. 1 illustrates an equivalent circuit diagram of
an exemplary embodiment of one pixel in a liquid crystal
display device according to the invention. Although FIG. 1
shows one pixel PX and an associated gate line GL, data line
DL and reference voltage line RL for convenience purpose
only, one or more exemplary embodiments may include a
plurality of pixels PX arranged in the form of a matrix of
rows and columns in a plan view, a plurality of gate lines GL
each having a longitudinal axis extending in a (first) direc-
tion of a row and a plurality of data lines DL each having a
longitudinal axis extending in a (second) direction of a
column. The plurality of pixels PX may be disposed near
respective intersections between the plurality of gate lines
GL and the plurality of data lines DL, but the invention is not
limited thereto or thereby.

[0034] Referring to FIG. 1, an exemplary embodiment of
one pixel PX in a liquid crystal display device includes first,
second and third switching elements Qa, Qb and Qc, and
first and second liquid crystal capacitors C1 and C2, which
may be formed of dielectric layers of liquid crystal layers.
The first, second and third switching elements Qa, Qb and
Qc may include thin film transistors (“TFTs”).

[0035] The pixel PX is connected to a plurality of signal
lines, including a gate line GL for transferring a gate signal,
a data line DL for transferring a data signal, and a reference
voltage line RL for transferring a reference voltage for
voltage dividing.

[0036] The pixel PX includes first and second subpixels
PEa and PEb. The first subpixel PEa includes the first
switching element Qa and the first liquid crystal capacitor
C1, and the second subpixel PEb includes the second and
third switching elements Qb and Qc and the second liquid
crystal capacitor C2.

[0037] Sources (e.g., input terminals) of the first and
second switching elements Qa and Qb are connected to the
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data line DL, and gates (e.g., control terminals) thereof are
connected to the gate line GL. A gate (e.g., control terminal)
of the third switching element Qc is connected to the gate
line GL.

[0038] A contact point CP between a drain (e.g., output
terminal) of the second switching element Qb and a source
of the third switching element Qc are each connected to a
second subpixel electrode 1915 of the second liquid crystal
capacitor C2, and a drain (e.g., output terminal) of the first
switching element Qa is connected to a first subpixel elec-
trode 191a of the first liquid crystal capacitor C1. The first
subpixel electrode 191a and the second subpixel electrode
1915 may be a first terminal of the first liquid crystal
capacitor C1 and the second liquid crystal capacitor C2,
respectively. The other second terminals of the first liquid
crystal capacitor C1 and the second liquid crystal capacitor
C2 are each connected to a common electrode (not shown).

[0039] A drain of the third switching element Qc is
connected to the reference voltage line RL.

[0040] The second subpixel electrode 1915 is electrically
connected to the reference voltage line RL via the third
switching element Qc.

[0041] If a gate-on signal Von is applied to the gate line
GL, the first, second and third switching elements Qa, Qb
and Qc, whose gates are connected thereto, are turned on.
Therefore, a data voltage DV applied to the data line DL is
applied to the first subpixel electrode 1914 via the turned-on
first switching element Qa. If it is assumed that a reference
voltage RV is applied to the reference voltage line RL, the
voltage applied to the second subpixel electrode 1915 is a
voltage (DV-RV) having undergone voltage division by the
third switching element Qc cascaded (or serially connected)
to the second switching element Qb. Therefore, the voltage
applied to the second subpixel electrode 1915 is less than the
voltage applied to the first subpixel electrode 191a.

[0042] As a result, a voltage charged in the first liquid
crystal capacitor C1 is different from a voltage charged in
the second liquid crystal capacitor C2. Therefore, liquid
crystal molecules in the first and second subpixels PEa and
PEb may be different in tilted angle, so the two subpixels
PEa and PEb may have different luminance. If a voltage
charged in the first liquid crystal capacitor C1 and a voltage
charged in the second liquid crystal capacitor C2 are prop-
erly adjusted, images viewed from the side of the liquid
crystal display device may substantially the same as images
viewed from the front of the liquid crystal display device in
terms of quality, improving the side visibility of the liquid
crystal display device.

[0043] FIG. 2 is a plan view of an exemplary embodiment
of adjacent upper and lower pixels in a liquid crystal display
device according to the invention. Although, for conve-
nience of description, FIG. 2 shows two adjacent data lines
171 each having a longitudinal axis extending in the direc-
tion of a column (e.g., vertical in FIG. 2), three adjacent gate
lines 121 each having a longitudinal axis extending in the
direction of a row (e.g., horizontal in FIG. 2), and two pixels
PX1 and PX2 disposed between the data lines 171 and the
gate lines 121, or disposed near intersections between the
gate lines 121 and the data lines 171, it should be noted that
aplurality of pixels PX may be arranged between a plurality
of gate lines 121 and between a plurality of data lines 171
in the form of a matrix of rows and columns in the plan view.
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FIG. 3A is a cross-sectional view taken along line ITTA-TITA'
in FIG. 2, and FIG. 3B is a cross-sectional view taken along
line NIB-11IB' in FIG. 2.

[0044] Referring to FIGS. 2, 3A and 3B, an exemplary
embodiment of a liquid crystal display device includes a
lower display panel 100, an upper display panel 200 facing
the lower display panel 100, a liquid crystal layer 3 inter-
posed between the two display panels 100 and 200. A pair
of polarizers (not shown) may be attached to outer sides of
the display panels 100 and 200.

[0045] Gate lines 121, data lines 171, and the lower
display panel 100 for connecting pixel electrodes to their
associated gate lines 121 and data lines 171 will be
described. A plurality of gate lines 121 each having a
longitudinal axis extending in the direction of a row and a
plurality of data lines 171 each having a longitudinal axis
extending in the direction of a column are situated on a first
substrate 110. The first substrate 110 may include transpar-
ent glass or plastic. Pixel electrodes 191 are situated between
adjacent gate lines 121 and between adjacent data lines 171.
Each pixel electrode 191 includes a first subpixel electrode
(or first-area electrode) 191a and a second subpixel elec-
trode (or second-area electrode) 1915.

[0046] Each of the first and second subpixel electrodes
191a and 1915 has quadrants divided by a cross-shaped
branch portion 193 having a horizontal branch portion 193a
and a vertical branch portion 1934. Each quadrant includes
micro branches 194 which are tilted with respect to the
cross-shaped branch portion 193 at a predetermined angle
(e.g., at an angle of 45°). Micro slits 195 are respectively
between adjacent micro branches 194.

[0047] A reference voltage line 177 is situated in a bound-
ary area between adjacent first and second subpixel elec-
trodes 191a and 1915, and between adjacent data lines 171.
The reference voltage line 177 includes a vertical portion
177a passing through the pixels PX1 and PX2, and hori-
zontal portions 1775 electrically connecting the vertical
portion 177a to the second subpixel electrodes 1915. The
switching elements Qa, Qb and Qc in FIG. 1 are electrically
connected to the gate lines 121 and the data lines 171.
[0048] Each gate line 121 has a collective gate electrode
124 including first, second and third gate electrodes 1244,
1245 and 124c¢. Although not shown, the gate line 121
includes at an end thereof, a contact portion having a
relatively wide planar area for connection with another layer
and/or an external drive circuit. The collective gate electrode
124 vertically protrudes from the gate line 121 in the plan
view, as illustrated in FIG. 2.

[0049] A light blocking film 125 is situated in a boundary
area between the adjacent first and second subpixel elec-
trodes 191a and 1915 which are between adjacent gate lines
121. The light blocking film 125 may include a same
material and be on and/or in a same layer as the gate lines
121.

[0050] A gate insulating film 140 covers (e.g., overlaps)
the gate lines 121. Semiconductor layers 154a, 1545, 154¢
and 1544 are situated on the gate insulting film 140. The data
lines 171, first drain electrodes 1735, second drain elec-
trodes 1755, third source electrodes 1764, third drain elec-
trodes 1765, and the reference voltage lines 177 are on the
semiconductor layers 154a, 1545, 154¢ and 1544. Each data
line 171 includes first and second source electrodes 173a
and 175a. The data lines 171, the first drain electrodes 1735,
the second drain electrodes 1755, the third source electrodes
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176a, the third drain electrodes 1765 and the reference
voltage lines 177 will be referred to herein as data conduc-
tors 171, 1735, 175b, 176a, 1765 and 177.

[0051] Each data line 171 crosses the gate lines 121. Each
data line 171 includes concave portions 200R and 200L, and
convex portions 202R and 202L which alternate on both
sides (e.g., right and left sides) along the longitudinal axis of
the each data line 171. While concave portions 200R in one
row among two adjacent pixel rows are disposed toward the
right, concave portions 200L in the other pixel row among
the two adjacent pixel rows are disposed toward the left.
Therefore, concave portions 200R or 2001, of one of the data
lines 171 alternately have convex portions 202L or 202R of
the one data line 171 respectively adjacent thereto.

[0052] Again, while concave portions 200R of the data
line 171 in one pixel row among two adjacent pixel rows are
disposed toward the right, concave portions 200L in the
other pixel row among the two adjacent pixel rows are
disposed toward the left. Therefore, in a same row, one
concave portion 200R or 200L of one of the data lines 171
respectively faces one convex portion 202L or 202R of an
adjacent data line 171 along the row direction. Along the
column direction of the pixel rows, the concave portions
200R and 200L are alternately disposed, for example, to the
left and to the right, between two adjacent data lines 171.

[0053] In each concave portion 200R or 200L, first and
second source electrodes 173a and 1754 protrude from each
data line 171, and are situated on and overlapping first and
second gate electrodes 124a and 1245, respectively. The first
drain electrode 1735 is situated to be spaced apart from the
first source electrode 1734 and faces the first source elec-
trode 173a. The second drain electrode 1755 is situated to be
spaced apart from the second source electrode 175¢ and
faces the second source electrode 175a. The third source
electrode 176a connected to the second drain electrode 1755
is situated on and overlapping the third gate electrode 124c.
The third drain electrode 1764 is situated to be spaced apart
from the third source electrode 176a and faces the third
source electrode 176a.

[0054] Each data line 171 includes at an end thereof, a
contact portion (not shown) having a relatively wide planar
area for connection with another layer and/or an external
drive circuit.

[0055] The first gate electrode 124aq, the first source elec-
trode 173a and the first drain electrode 1735 form a first TFT
corresponding to the first switching element Qa in FIG. 1,
together with the first semiconductor layer 154a. Similarly,
the second gate electrode 1245, the second source electrode
175a and the second drain electrode 1755 form a second
TFT corresponding to the second switching element Qb in
FIG. 1, together with the second semiconductor layer 1544.
The third gate electrode 124c¢, the third source electrode
176a and the third drain electrode 1765 form a third TFT
corresponding to the third switching element Qc in FIG. 1,
together with the third semiconductor layer 154¢. Therefore,
the switching elements Qa, Qb and Qc such as TFTs shown
in FIG. 1 are all within each concave portion 200R or 200L
of the data line 171, as shown in FIG. 2.

[0056] The third, second and first TFTs Qc, Qb and Qa are
sequentially disposed in turn along the data line 171 starting
from a top each concave portion 200R or 200L. The first,
second and third TFTs Qa, Qb and Qc form a portion of
associated switching elements. The concave portions 200R
and 200L of the data line 171 and the associated switching
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elements are situated adjacent to the first subpixel electrodes
191a. The concave portions 200R and 200L of the data line
171 and the associated switching elements are disposed to
alternate in upper pixel PX1 and lower pixel PX2, along the
column direction of the pixel rows.

[0057] The reference voltage lines 177 may be in areas
excluding the micro slits 195 and micro branches 194,
between the first and second subpixel electrodes 191a and
1915 adjacent in the row direction, and between upper and
lower pixels PX1 and PX2 adjacent in the column direction.
The reference voltage lines 177 may include a same material
and be on and/or in a same layer as the data lines 171.
[0058] The vertical portion 177a of each reference voltage
line 177 passes through vertically adjacent pixels PX1 and
PX2 in the direction of a column, and vertically extends
along the boundary between the first and second subpixel
electrodes 191a and 1915 which are horizontally adjacent in
the direction of a row. The vertical portion 177a is situated
to overlap the light blocking film 125. Horizontal portions
1776 of each reference voltage line 177 extend along and/or
parallel to a horizontal side of the pixel electrode 191.
[0059] The horizontal portions 1775 are situated to alter-
nate with each other along a direction of the vertically
adjacent pixels PX1 and PX2, because they extend from the
vertical portion 177a and are connected to the third drain
electrodes 1765 situated in the concave portions 200R and
200L. In one exemplary embodiment, for example, referring
to FIG. 2, the horizontal portion 1775 connected to the third
drain electrode 1765 of the upper pixel PX1 extends from
the vertical portion 177a in a first direction (e.g., left
direction). The horizontal portion 1776 connected to the
third drain electrode 1765 of the lower pixel PX2 extends
from the vertical portion 177¢ in a second direction (e.g.,
right direction). The horizontal portion 1776 electrically
connected to the lower pixel PX2 may be situated between
the pixel electrode 191 of the upper pixel PX1 and the gate
line 121 electrically connected to the upper pixel PX1,
making it possible to reduce signal interference between the
pixel electrodes 191 and the gate lines 121. The horizontal
portion 1775 electrically connected to the lower pixel PX2
may partially overlap the pixel electrode 191 of the upper
pixel PX1.

[0060] Although not illustrated, an ochmic contact member
may be situated between data conductors 171, 1735, 1755,
176a, 1765 and 177 and semiconductor layers 154a, 1545,
154c¢ and 1544 situated thereunder. In an exemplary embodi-
ment of a method of forming the liquid crystal display
device, the data conductors, the semiconductor layer and the
ohmic contact member may be simultaneously formed using
a single mask. In this case, referring to FIG. 3B, a fourth
semiconductor layer 1544 may be situated under the vertical
portion 177a of the reference voltage line 177 that passes
through the pixels PX1 and PX2. In the absence of the light
blocking film 125. the fourth semiconductor layer 1544 may
be exposed to light. A current may flow in the fourth
semiconductor layer 1544 being exposed to light, affecting
a voltage charge rate of pixels and leading to poor image
quality of the liquid crystal display device. To prevent the
poor image quality, the light blocking film 125 overlaps the
vertical portion 177a of the reference voltage line 177,
reducing or effectively preventing exposure of the semicon-
ductor layer to light.

[0061] An insulating layer or a passivation layer 180 is on
the data conductors 171, 17356, 17556, 176a, 1765 and 177
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and the exposed semiconductor layers 154a, 1545, 154¢ and
1544. The passivation layer 180 may have a flat surface. The
passivation layer 180 may include a plurality of contact
holes 185¢ and 1855 extended through a thickness of the
passivation layer 180, such that the contact holes 185a and
1855 expose the first and second drain electrodes 1735 and
1756.

[0062] The pixel electrodes 191 including the first and
second subpixel electrodes 191a and 1915 are on the pas-
sivation layer 180. The pixel electrodes 191 may include a
transparent conductive material such as indium tin oxide
(“ITO”) and indium zinc oxide (“IZ0”), or a reflective metal
such as aluminum, silver, chrome and an alloy thereof.
[0063] Each pixel electrode 191 includes a first side par-
allel to the gate line 121 and a second side parallel to the data
line 171. The first side parallel to the gate line 121 is about
three times longer than the second side parallel to the data
line 171. As the first side of the pixel electrode 191 is longer
in length than the second side thereof, the pixel PX may be
referring to as having a structure in which a horizontal side
of the pixel electrode 191 is longer than a vertical side of the
pixel electrode 191. Therefore, compared to the case where
a length of the horizontal side is less than a length of the
vertical side, since the exemplary embodiment has the
horizontal side longer than the vertical side, the number of
pixel electrodes 191 situated on each vertical line (e.g., in a
direction of the column) is greater, and the number of pixel
electrodes 191 situated on each horizontal line (e.g., in a
direction of the row) is less. Thus, the total number of the
data lines 171 is reduced, making it possible to reduce the
number of integrated circuit (“IC”) chips for data drivers,
contributing to a reduction in material costs. Despite the
increase in the number of gate lines 121 when the total
number of data lines is reduced, since gate drivers may be
integrated in a liquid crystal display panel assembly along
with gate lines 121, data lines 171 and TFTs, the increase in
the number of gate lines 121 does not present a significant
increase in material costs and/or manufacturing time. Even
though gate drivers are mounted in the form of an IC chip,
since the price of the IC chips for gate drivers is relatively
cheaper than the IC chips for data drivers, it is more
advantageous to reduce the number of IC chips for data
drivers.

[0064] The first and second subpixel electrodes 191a and
1915 are physically and electrically connected to the first
and second drain electrodes 1735 and 1755 through the
contact holes 185a and 1854, respectively. Referring to the
first and second subpixel electrodes 191a and 1915 in a pixel
row between two adjacent data lines 171, the first subpixel
electrode 191a is adjacent to the first drain electrode 1735 in
the plan view. On the other hand, the second subpixel
electrode 1915 is spaced apart from the second drain elec-
trode 1756 by at least one-side length or more of the first
subpixel electrode 191a. The second subpixel electrode
1915 includes a connection portion 190g extended directly
therefrom, such that the subpixel electrode and the connec-
tion portion 190g collectively form a single, unitary, indi-
visible member. Therefore, the second subpixel electrode
1915 is physically and electrically connected directly to the
second drain electrode 1755 by the connection portion 190g.
[0065] The connection portion 190g includes a first por-
tion parallel to the gate line 121 and the horizontal portion
1775 of the reference voltage line 177, and a second portion
parallel to the data line 171. The first subpixel electrode
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191aq is surrounded by the connection portion 190g and one
side of the second subpixel electrode 1915, in the plan view.
That is, the first subpixel electrode 191a is completely
enclosed by the second subpixel electrode 1915.

[0066] In adjacent upper and lower pixels PX1 and PX2,
first and second subpixel electrodes 191a and 19156 are
alternately disposed in the direction of the row and in the
direction of the column. Referring to FIG. 2, the first
subpixel electrode 1914 of the upper pixel PX1 is situated on
the left side of the second subpixel electrode 1915 of the
upper pixel PX1. In contrast, the first subpixel electrode
191q of the lower pixel PX2 is situated on the right side of
the second subpixel electrode 1915 of the lower pixel PX2.
Therefore, the second subpixel electrode 1915 of the lower
pixel PX2 is disposed under the first subpixel electrode 1914
of the upper pixel PX1 in the direction of the column in the
plan view.

[0067] The first and second subpixel electrodes 191a and
1915 receive data voltages from the first and second drain
electrodes 1735 and 1755, respectively. As some of the data
voltage applied to the second drain electrode 1755 under-
goes voltage division by the third source electrode 1764, a
level of the voltage applied to the second subpixel electrode
1915 is less than a level of the voltage applied to the first
subpixel electrode 191a. The upper display panel 200 will
now be described with reference to FIGS. 2 and 3A.
[0068] A light blocking member 220 is on a second
substrate 210. The second substrate 210 may include trans-
parent glass or plastic. The light blocking member 220, also
known as a black matrix, reduces or effectively prevents
light leakage.

[0069] A plurality of color filters 230 are on the second
substrate 210 and the light blocking member 220. The color
filter 230 mostly exists in an area defined and surrounded by
the light blocking member 220, and may have a longitudinal
axis horizontally extended along the pixel electrode 191.
Each color filter 230 may display one of the three primary
colors such as red, green and blue. However, the color filter
230 may display one of cyan, magenta, yellow and white-
series color without being limited to the primary colors of
red, green and blue.

[0070] In an alternative exemplary embodiment, one of
the light blocking member 220 and the color filter 230 may
be on the first substrate 110 and within the lower display
panel 100.

[0071] An overcoat 250 is on the color filter 230 and the
light blocking member 220. The overcoat 250, reduces or
effectively prevents the color filter 230 from being exposed
and provides a flat surface. The overcoat 250 may include an
insulating material. In an alternative exemplary embodi-
ment, the overcoat 250 may be omitted.

[0072] A common electrode 270 is on the overcoat 250.
[0073] Although not illustrated, alignment layers may be
on inner surfaces of the display panels 100 and 200, and
these alignment layers may be vertical alignment layers.
[0074] Polarizers (not shown) are provided on outer sur-
faces of the display panels 100 and 200. Preferably, polar-
ization axes of the two polarizers may be orthogonal to each
other, and one of the polarization axes may be parallel to the
gate line 121. For a reflective liquid crystal display device,
one of the two polarizers may be omitted.

[0075] A liquid crystal layer 3 is between the two display
panels 100 and 200, and the liquid crystal layer 3 includes
liquid crystal molecules 31 having negative dielectric aniso-
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tropic properties. The liquid crystal molecules 31 in the
liquid crystal layer 3 may be aligned such that the major axis
of the liquid crystal molecules 31 may be perpendicular to
the surfaces of the two display panels 100 and 200 when no
electric field is applied to liquid crystal layer 3.

[0076] The first and second subpixel electrodes 191a and
1915, to which data voltages are applied, generate an electric
field together with the common electrode 270 within the
upper display panel 200, to which a common voltage is
applied, thereby determining a direction of the liquid crystal
molecules 31 in the liquid crystal layer 3 between the
common electrode 270, and the first and second subpixel
electrodes 191a and 1915. The polarization of light passing
through the liquid crystal layer 3 may vary depending on the
determined direction of the liquid crystal molecules 31. As
the first and second subpixel electrodes 191a and 1916 and
the common electrode 270 form terminals of the liquid
crystal capacitors C1 and C2 in FIG. 1, they may maintain
the applied voltages even after the TFTs are turned off.
[0077] Sides or edges of the micro branches 194 of the
subpixel electrodes 191a and 1915 make horizontal direc-
tion components perpendicular to the sides of the micro
branches 194 by distorting the electric field, and a tilted
direction of the liquid crystal molecules 31 is determined
based on the horizontal direction components. Therefore, the
liquid crystal molecules 31 first tend to be tilted in a
direction perpendicular to the sides of the micro branches
194. However, because the horizontal direction components
of the electric field by the sides of adjacent micro branches
194 have opposite directions and a gap between the micro
branches 194 is narrow, liquid crystal molecules 31 tending
to be tilted in the opposite directions may be tilted together
in a direction parallel to a longitudinal axis direction of the
micro branches 194.

[0078] In accordance with an exemplary embodiment of
the invention, because micro branches 194 of one pixel
extend in four different longitudinal directions, the liquid
crystal molecules 31 may also have four different tilted
directions, thereby increasing the viewing angle of the liquid
crystal display device.

[0079] However, liquid crystal molecules 31 located in
specific areas, e.g., side areas of the connection portion 190g
and corner areas of the the pixel electrode 191 may not be
tilted in a direction parallel to the longitudinal axis of the
micro branches 194. The liquid crystal molecules 31 in these
areas may not contribute to improvement of luminance
because of the low transmittance of light, compared to those
in the areas where the liquid crystal molecules 31 are tilted
in a predetermined direction (e.g., a direction parallel to the
longitudinal axis of the micro branches 194). These areas are
called non-transmission areas.

[0080] In accordance with one or more exemplary
embodiments of the invention, the reference voltage line 177
may maximize transmittance of pixels PX as the reference
voltage line 177 is in non-transmission areas. Referring to
FIG. 2, for example, the vertical portion 177a of the refer-
ence voltage line 177 may overlap a boundary area between
the first and second subpixel electrodes 191a and 1915
adjacent in the direction of the row, and may overlap sides
or edges of the adjacent subpixel electrodes 191a and 1914.
Ahorizontal portion 1775 electrically connected to the upper
pixel PX1 may be situated between the pixel electrode 191
of the upper pixel PX1 and the gate line 121 connected to the
upper pixel PX1. A horizontal portion 177b electrically
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connected to the lower pixel PX2 may partially overlap one
side of the second subpixel electrode 1915 of the upper pixel
PX1. The vertical portion 177a of the reference voltage line
177 is situated to pass through pixels PX adjacent in the
direction of the column without being adjacent to the data
line 171, thereby reducing possible electrical short defects
with the data line 171.

[0081] FIG. 4 isa plan view of another exemplary embodi-
ment of adjacent upper and lower pixels in a liquid crystal
display device according to the invention. Although, for
convenience of description, FIG. 4 shows two adjacent data
lines 171 each having a longitudinal axis extending in the
direction of a column (e.g., vertical in FIG. 4), three adjacent
gate lines 121 each having a longitudinal axis extending in
the direction of a row (e.g., horizontal in FIG. 4), and two
pixels PX1 and PX2 disposed between the data lines 171 and
the gate lines 121, or disposed near intersections between the
gate lines 121 and the data lines 171, it should be noted that
a plurality of pixels PX may be arranged between a plurality
of gate lines 121 and between a plurality of data lines 171
in the form of a matrix of rows and columns in the plan view.
FIG. 5 is a cross-sectional view taken along line V-V' in FIG.
4. Referring to FIGS. 4 and 5, the exemplary embodiment of
a liquid crystal display device is similar in structure to the
liquid crystal display device shown in FIGS. 2, 3A and 3B,
and like reference numerals denote like elements. So, the
same elements will not be described to avoid repetitive
description thereof.

[0082] The exemplary embodiment of the liquid crystal
display device in FIGS. 4 and 5 is different in shape from the
liquid crystal display device shown in FIGS. 2, 3A and 3B
in that the pixel electrodes 191 and the common electrode
270 include incision portions. An incision portion is an
opening or slit which may extend through a thickness of a
respective electrode, where the opening or slit excludes
material of the respective electrode.

[0083] A plurality of gate lines 121 and a plurality of data
lines 171 are situated on a first substrate 110. The gate lines
121 each have a longitudinal axis which extends in the
direction of a row, while the data lines 171 each have a
longitudinal axis which extends in the direction of a column.
Pixel electrodes 191 are situated between adjacent gate lines
121 and between adjacent data lines 171. Each pixel elec-
trode 191 includes first and second subpixel electrodes 191a
and 1915 having a ‘V’ shape or a *V’ shape with its vertex
clipped. Reference voltage lines 177 are situated between
adjacent data lines 171. Each reference voltage line 177
includes a vertical portion 177a passing through upper and
lower pixels PX1 and PX2 adjacent in the direction of the
column, so as to overlap the vertex of the ‘V”’ shape of the
pixel electrodes 191, and horizontal portions 1775 extending
from the vertical portion 177a and electrically connecting
the vertical portion 177« to the second subpixel electrodes
1915.

[0084] Each first subpixel electrode 191a includes first and
second areas 189a and 1895 each having a longitudinal axis
extending along a direction oblique to the gate line 121, and
a first connecting bridge 189¢ connecting the first and
second areas 1894 and 1895 to each other. A first incision
portion 91a dividing the first and second areas 189a and
1895 extends in a direction perpendicular to the first con-
necting bridge 189¢.

[0085] Similarly, each second subpixel electrode 1915
includes third, fourth, fifth and sixth areas 190q, 19056, 190¢
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and 190d each having a longitudinal axis extending along a
direction oblique to the gate line 121, and second and third
connecting bridges 190e and 1907 The third and fourth areas
1904 and 1905 are connected to each other by the second
connecting bridge 190e, and each of the third and fourth
areas 1904 and 1905 includes a second incision portion 915.
The fifth area 190c is connected to the fourth area 1905 by
the third connecting bridge 190 The fifth and sixth areas
190c¢ and 1904 are divided by a third incision portion 91c.
[0086] The first subpixel electrode 191a is surrounded by
the second subpixel electrode 1915. That is, the first sub-
pixel electrode 191a is completely enclosed by the second
subpixel electrode 1915, in the plan view of the pixel PX.
The first and second subpixel electrodes 191a and 1915 are
separated within the pixel PX by a spacing portion 92
defined between two adjacent edges of the first and second
subpixel electrodes 191a and 191b.

[0087] The first and second subpixel electrodes 191a and
1915 are physically and electrically connected to the first
and second drain electrodes 1735 and 1755 via contact holes
1854 and 1855, respectively.

[0088] Referring to the first and second subpixel elec-
trodes 191a and 1915 in a pixel row between two adjacent
data lines 171, the third area 190a of the second subpixel
electrode 1915 is adjacent to the second drain electrode 1756
in the plan view. On the other hand, the sixth area 1904 of
the second subpixel electrode 1915 is not adjacent to the
second drain electrode 1754. In other words, the first sub-
pixel electrode 191« is between the sixth area 190d of the
second subpixel electrode 1915 and the second drain elec-
trode 175b. The second subpixel electrode 1915 includes a
connection portion 190g extended directly therefrom, such
that the subpixel electrode and the connection portion 190g
collectively form a single, unitary, indivisible member.
Therefore, the sixth area 1904 of the second subpixel
electrode 1915 is physically and electrically connected
directly to the second drain electrode 1755 by the connection
portion 190g that extends in a first direction (e.g., left
direction) opposite to a second direction (e.g., right direc-
tion) in which extends the third connecting bridge 190f,
respect to the third incision portion 91¢. The connection
portion 190g includes a first portion parallel to the gate line
121 and a second portion parallel to the data line 171, and
is disposed to surround part of the first contact hole 185a.
[0089] The first and second subpixel electrodes 191a and
1915 receive data voltages from the first and second drain
electrodes 1734 and 1755, respectively. As some of the data
voltage applied to the second drain electrode 175b under-
goes voltage division by a third source electrode 176a, a
level of the voltage applied to the second subpixel electrode
1915 is less than a level of the voltage applied to the third
subpixel electrode 191a.

[0090] Referring to FIG. 5, a common electrode 270 on an
upper display panel 200 includes fourth incision portions
275. The fourth incision portions 275 are arranged to alter-
nate with the second incision portions 916 of the pixel
electrode 191, in the plan view. The fourth incision portions
275 are situated between the second incision portions 915
and the spacing portion 92, respectively, and include a first
portion parallel to the second incision portion 915 and a
second portion parallel to one side of the pixel electrode 191.
[0091] The first and second subpixel electrodes 191a and
1915, to which data voltages are applied, generate an electric
field together with the common electrode 270 within the
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upper display panel 200, to which a common voltage is
applied, thereby determining a direction of liquid crystal
molecules 31 in a liquid crystal layer 3 between the common
electrode 270, and the first and second subpixel electrodes
191a and 1915.

[0092] A fringe field is formed between the pixel electrode
191 and the common electrode 270 by the incision portions
91a, 915, 91¢ and 275, and the liquid crystal molecules 3 are
tilted in a direction perpendicular to the fringe field. In other
words, liquid crystal molecules 31 located in the first, third
and sixth areas 1894, 190a, and 1904 are tilted in a coun-
terclockwise direction with respect to the gate line 121, such
as at an angle of about 135 degrees (°). Liquid crystal
molecules 31 located in the second, fourth and fifth areas
1895, 19056 and 190c¢ are tilted in a counterclockwise direc-
tion with respect to the gate line 121, such as at an angle of
about 45°. However, liquid crystal molecules 31 located in
specific areas (e.g., areas of the connecting bridges 189¢,
190e and 1907, sides of the pixel electrode 191, and areas of
the first and third incision portions 91a and 91c¢) are not
tilted in the predetermined direction, for example, at an
angle of about 45° or about 135° described above. The liquid
crystal molecules 31 in these areas, compared to those in the
areas where they are tilted in the predetermined direction,
may not contribute to improvement of luminance because of
the low transmittance of light. These areas are called non-
transmission areas.

[0093] In accordance with one or more exemplary
embodiments of the invention, the reference voltage line 177
may maximize the transmittance of pixels PX as the refer-
ence voltage line 177 is in the non-transmission areas.
Referring to FIG. 4, for example, vertical portion 177a of the
reference voltage line 177 may overlap the first and second
connecting bridges 189¢ and 190e. The vertical portion 177a
may be situated to overlap the first incision portion 91a
dividing the first and second areas 189a and 1895 of the first
subpixel electrode, and the third incision portion 91¢ divid-
ing the fifth and sixth areas 190¢ and 1904 of the second
subpixel electrode 1915. A horizontal portion 1775 electri-
cally connected to the lower pixel PX2 may be situated
between the pixel electrode 191 of the upper pixel PX1 and
the gate line 121 connected to the upper pixel PX1. The
horizontal portion 1776 electrically connected to the lower
pixel PX2 may partially overlap the third connecting bridge
1901 of the second subpixel electrode 1915. The horizontal
portion 177b may be situated to be parallel to the gate line
121 and to face at least part of the connection portion 190g.

[0094] The characteristics of the liquid crystal display
device shown in FIGS. 2, 3A and 3B may be applied to the
liquid crystal display device shown in FIGS. 4 and 5.

[0095] FIG. 6 illustrates an equivalent circuit diagram of
another exemplary embodiment of one pixel in a liquid
crystal display device according to the invention. Although,
for convenience of description, FIG. 6 shows one pixel PX
and an associated gate line GL, data line DL and reference
voltage line RL, one or more exemplary embodiments may
include a plurality of pixels PX arranged in the form of a
matrix of rows and columns in a plan view, a plurality of
gate lines GL each having a longitudinal axis extending in
a (first) direction of a row and a plurality of data lines DL
each having a longitudinal axis extending in a (second)
direction of a column. The plurality of pixels PX may be
disposed near respective intersections between the plurality
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of gate lines GL and the plurality of data lines, but the
invention is not limited thereto or thereby.

[0096] Referring to FIG. 6, an exemplary embodiment of
one pixel PX in a liquid crystal display device includes first,
second and third switching elements Qa, Qb and Qc (such as
TFTs), a charge sharing capacitor CS, and first and second
liquid crystal capacitors C1 and C2.

[0097] The pixel PX is connected to a plurality of signal
lines, including a gate line GL for transferring a gate signal,
a data line DL for transferring a data signal, and a reference
voltage line RL for transferring a reference voltage for
voltage dividing.

[0098] The pixel PX includes first and second subpixels
PEa and PEb. The first subpixel PEa includes the first
switching element Qa and the first liquid crystal capacitor
C1. The second subpixel PEb includes the second and third
switching elements Qb and Qc, the charge sharing capacitor
CS, and the second liquid crystal capacitor C2.

[0099] Sources (e.g., input terminals) of the first and
second switching elements Qa and Qb are connected to the
data line DL, and gates (e.g., control terminals) thereof are
connected to a stage gate line GLn. A gate (e.g., control
terminal) of the third switching element Qc is connected to
a post-stage gate line GLn+1. A stage gate line GLn con-
nected to the pixel PX receives an N-th gate signal, and the
post-stage gate line GLn+1 receives an (N+1)-th gate signal
following the N-th gate signal.

[0100] A contact point CP between a drain (e.g., output
terminal) of the second switching element Qb and a source
of the third switching element Qc is connected to the second
subpixel electrode 1915 of the second liquid crystal capaci-
tor C2, and a drain (e.g., output terminal) of the first
switching element Qa is connected to the first subpixel
electrode 191a of the first liquid crystal capacitor C1. The
first subpixel electrode 191a and the second subpixel elec-
trode 1915 may be a first terminal of the first liquid crystal
capacitor C1 and the second liquid crystal capacitor C2,
respectively. The other second terminals of the first liquid
crystal capacitor C1 and the second liquid crystal capacitor
C2 are each connected to a common electrode.

[0101] A drain (e.g., output terminal) of the third switch-
ing element Qc is connected to a first electrode 196a of the
charge sharing capacitor CS.

[0102] A second electrode 1965 of the charge sharing
capacitor CS is connected to the reference voltage line RL.
The reference voltage line RL is electrically connected to the
second subpixel electrode 19156 with the charge sharing
capacitor CS and the third switching element Qc interposed
therebetween.

[0103] If a gate-on signal Von is applied to the stage gate
line GLn, the first and second switching elements Qa and
Qb, whose gates are connected thereto, are turned on.
Therefore, a data voltage DV applied to the data line DL is
applied to the first and second subpixel electrodes 191a and
1915 via the turned-on first and second switching elements
Qa and Qb, respectively, charging the first and second liquid
crystal capacitors C1 and C2. If a gate-off signal Voff is
applied to the stage gate line GLn and a gate-on signal Von
is applied to the post-stage gate line GLn+1, the third
switching element Qc is turned on and the second liquid
crystal capacitor C2 is electrically connected to the charge
sharing capacitor CS. Due to the connection between the
second liquid crystal capacitor C2 and the charge sharing
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capacitor CS, charge sharing occurs between the second
liquid crystal capacitor C2 and the charge sharing capacitor
CS.

[0104] Therefore, the voltage charged in the first liquid
crystal capacitor C1 may be different from the voltage
charged in the second liquid crystal capacitor C2. Because of
the difference between the voltage charged in the first liquid
crystal capacitor C1 and the voltage charged in the second
liquid crystal capacitor C2, liquid crystal molecules in the
first and second subpixels PEa and PEb may have different
tilted angles, so the two subpixels PEa and PEb may have
different luminance. If a voltage charged in the first liquid
crystal capacitor C1 and a voltage charged in the second
liquid crystal capacitor C2 are properly adjusted, images
viewed from the side of the liquid crystal display device may
be substantially the same as images viewed from the front of
the liquid crystal display device in terms of quality, improv-
ing the side visibility of the liquid crystal display device.
[0105] FIG. 7 is a plan view of an exemplary embodiment
of adjacent upper and lower pixels in the liquid crystal
display device shown in FIG. 6. Although, for convenience
of description, FIG. 7 shows that two adjacent data lines 171
each having a longitudinal axis extending in the direction of
a column (e.g., vertical in FIG. 7), two adjacent gate lines
121 each having a longitudinal axis extending in the direc-
tion of a row (e.g., horizontal in FIG. 7), and two pixels PX1
and PX2 arranged between the data lines 171 and between
the gate lines 121, or arranged near intersections between the
gate lines 121 and the data lines 171, it should be noted that
a plurality of pixels PX may be arranged in the form of a
matrix of rows and columns between a plurality of gate lines
121 and between a plurality of data lines 171.

[0106] While the exemplary embodiment of the liquid
crystal display device shown in FIGS. 2, 3A and 3B corre-
sponds to the equivalent circuit diagram in FIG. 1, the
exemplary embodiment of the liquid crystal display device
shown FIG. 7 corresponds to the equivalent circuit diagram
in FIG. 6. In other words, the liquid crystal display device
shown FIG. 7 is different from the liquid crystal display
device shown in FIGS. 2, 3A and 3B in that the exemplary
embodiment of the liquid crystal display device in FIG. 7
includes the charge sharing capacitor CS and the post-stage
gate line GLn+!1 for turning on the third switching element
Qc as shown in FIG. 6. Therefore, like reference numerals
denote like elements, so the same elements will not be
described to avoid repetitive description thereof.

[0107] A first gate electrode 124aq, a first source electrode
173a and a first drain electrode 1735 form a first TFT Qa in
FIG. 6 together with a first semiconductor layer (not shown).
A second gate electrode 1245, a second source electrode
175a and a second drain electrode 1756 form a second TFT
Qb together with a second semiconductor layer (not shown).
A third gate electrode 124¢, a third source electrode 176a
and a third drain electrode 1765 form a third TFT Qc
together with a third semiconductor layer (not shown).
[0108] Post-stage gate lines 123 each have a longitudinal
axis extending in parallel to the gate lines 121, and pixel
electrodes 191 are situated between the gate lines 121 and
the post-stage gate lines 123, respectively, such as being
between a gate line and a post-stage gate line 123. Each
post-stage gate line 123 is connected to the third gate
electrode 124¢. As illustrated in FIG. 7, the third gate
electrode 124¢ continuously extends from the post-stage
gate line 123 such that the third gate electrode 124¢ and the
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post-stage gate line 123 are a single. unitary indivisible
member. An N-th gate signal is applied to each gate line 121,
and an (N+1)-th gate signal is applied to each post-stage gate
line 123. The same signal as the gate signal applied to the
gate line 121 of the lower pixel PX2 is applied to the
post-stage gate line 123 of the upper pixel PX1.

[0109] Light blocking films 125 are situated in a boundary
area between adjacent first and second subpixel electrodes
191a and 1915 which are between the respective post-stage
lines 123 and gate lines 121.

[0110] The first electrode 196a of the charge sharing
capacitor CS in FIG. 6 is electrically connected to the third
drain electrode 1765 via a third contact hole 185¢. The first
electrode 196a may include a same material and be on
and/or in a same layer as the pixel electrode 191. The second
electrode 1965 of the charge sharing capacitor CS in FIG. 6
overlaps the first electrode 196q.

[0111] Although not shown, a gate insulating film and a
passivation layer are disposed between the first and second
electrodes 196a and 1965 as shown in FIGS. 3A and 3B. The
first and second electrodes 196a and 1965 constitute the
charge sharing capacitor CS 196 with a gate insulating film
and a passivation layer interposed therebetween. A portion
of the passivation layer disposed between the first and
second electrodes 1964 and 1965 may be omitted depending
on the capacity of the charge sharing capacitor 196.

[0112] The charge sharing capacitor CS, third TFT Qc,
second TFT Qb and first TFT Qa are sequentially situated
along the data line 171 starting from a top of concave portion
202R or 200L. The first and second TFTs Qa and Qb may be
situated almost parallel to each other, such that the first and
second TFTs Qa and Qb may be substantially adjacent to
teach other in the direction of a row (e.g., horizontal in FIG.
7.

[0113] Electron devices such as the first, second and third
TFTs Qa, Qb and Qc and the charge sharing capacitor CS are
disposed alternately in adjacent upper and lower pixels PX1
and PX2 along the direction of a column (e.g., vertical in
FIG. 7). In other words, while the electron devices are
disposed on the right-hand side of a pixel in the upper pixel
PX1, the electron devices are disposed on the left-hand side
of the pixel in the lower pixel PX2.

[0114] Reference voltage lines 177 include horizontal por-
tions 1776 connected to the charge sharing capacitor 196,
and vertical portions 177a extending to pass through a
boundary area between the adjacent first and second sub-
pixel electrodes 191a and 1915 of the adjacent upper and
lower pixels PX1 and PX2. The horizontal portions 1775 are
electrically and physically connected to the second elec-
trodes 1965 of the charge sharing capacitor 196. As illus-
trated in FIG. 7, for example, the second electrodes 1965
continuously extend from the horizontal portions 1775 such
that the second electrodes 1965 and the reference voltage
lines 177 are a single, unitary indivisible member. The
reference voltage lines 177 may include a same material and
be on and/or in a same layer as the second electrodes 1964.

[0115] The horizontal portions 1775 extend from the ver-
tical portion 177a and are alternately disposed in the upper
and lower pixels PX1 and PX2. In other words, while the
horizontal portion 177b extends from the vertical portion
177a toward the right direction in the upper pixel PX1, the
horizontal portion 177b extends from the vertical portion
177a toward the left direction in the lower pixel PX2.
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[0116] The pixel electrode 191 and the upper display panel
(not shown) of the liquid crystal display device in the
exemplary embodiment of FIGS. 6 and 7 are the same as the
pixel electrode 191 and the upper display panel 200 of the
exemplary embodiment of the liquid crystal display device
shown in FIGS. 2, 3A and 3B. The reference voltage lines
177 may be between the first and second subpixel electrodes
191a and 1915 adjacent in the row direction, in areas
excluding micro slits 195 and micro branches 194, and
between the upper and lower adjacent pixels PX1 and PX2
adjacent in the column direction.

[0117] The first and second subpixel electrodes 191a and
1915 receive data voltages from the first and second drain
electrodes 1736 and 1755, respectively. If a gate signal is
applied to the third gate electrode 124¢ via the post-stage
gate line 123, the data voltage applied to the second subpixel
electrode 1915 undergoes voltage division by the third
source electrode 176a. As a result, the voltage applied to the
second subpixel electrode 1915 may be lower in level than
the voltage applied to the first subpixel electrode 191a.
[0118] The first and second subpixel electrodes 191a and
1915, which have received the data voltages, generate an
electric field together with the common electrode 270 of the
upper display panel, which, although not shown, has
received the common voltage, thereby determining a direc-
tion of liquid crystal molecules 31 in a liquid crystal layer 3
between the pixel electrode 191 and the common electrode
270.

[0119] Sides or edges of micro branches 194 of the sub-
pixel electrodes 191a and 1915 make horizontal direction
components perpendicular to the sides of the micro branches
194 by distorting the electric field, and a tilted direction of
the liquid crystal molecules 31 is determined as a direction
that is determined based on the horizontal direction com-
ponents. Therefore, the liquid crystal molecules 31 first tend
to be tilted in a direction perpendicular to the sides of the
micro branches 194, However, because the horizontal direc-
tion components of the electric field by the sides of adjacent
micro branches 194 have opposite directions and a gap
between the micro branches 194 is narrow, liquid crystal
molecules 31 tending to be tilted in the opposite directions
may be tilted together in a direction parallel to a longitudinal
axis direction of the micro branches 194.

[0120] However, liquid crystal molecules located in spe-
cific areas (e.g., side areas of the connection portion 190g
and corner areas of the pixel electrodes 191) are not tilted in
the direction parallel to the longitudinal axis direction of the
micro branches 194. The liquid crystal molecules 31 in these
areas may not contribute to improvement of luminance
because of the low transmittance of light, compared to those
in the areas where the liquid crystal molecules 31 are tilted
in a predetermined direction (e.g., a direction parallel to the
longitudinal axis direction of the micro branches 194). These
areas are called non-transmission areas.

[0121] In accordance with one or more exemplary
embodiments, the reference voltage line 177 may maximize
the transmittance of pixels PX as the reference voltage line
177 is in non-transmission areas. Referring to FIG. 7, for
example, the vertical portion 1774 of the reference voltage
line 177 may overlap the boundary area between the first and
second subpixel electrodes 191a and 1915 adjacent in the
direction of the row, and may overlap sides or edges of the
adjacent subpixel electrodes 191a and 1915. The vertical
portion 177a may be disposed to overlap a light blocking
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film 125. The horizontal portion 1775 electrically connected
to the lower pixel PX2 may be situated between the pixel
electrode 191 of the upper pixel PX1 and the gate line 121
connected to the upper pixel PX1. The horizontal portion
177b electrically connected to the lower pixel PX2 may
partially overlap one side of the second subpixel electrode
1915 of the upper pixel PX1. The horizontal portion 1775
electrically connected to the lower pixel PX2 is parallel to at
least part of the gate line 121 and the connection portion
190g.
[0122] The vertical portion 177a of the reference voltage
line 177 is situated in the boundary area between the first and
second subpixel electrodes 191a and 1915 adjacent in the
row direction, passing through the pixels PX adjacent in the
direction of the column without being adjacent to the data
line 171, thus reducing possible electrical short defects
between the data line 171 and the reference voltage line 177,
compared to the case where the vertical portion 177a is
situated adjacent to the data line 171.
[0123] The characteristics of the exemplary embodiment
of the liquid crystal display device shown in FIGS. 2, 3A and
3B may be applied to the exemplary embodiment of the
liquid crystal display device shown in FIG. 7. Conversely,
the characteristics of the exemplary embodiment of the
liquid crystal display device shown in FIG. 7 may be applied
to the exemplary embodiment of the liquid crystal display
device shown in FIGS. 2, 3A and 3B.
[0124] As is apparent from the foregoing description,
according to one or more exemplary embodiments of the
invention, a reference voltage line connected to a voltage-
dividing switching element for adjusting a voltage level of
a low subpixel to which is applied a relatively low voltage,
may be properly disposed to improve electrical short defects
between a data line and the reference voltage line, thereby
contributing to maximization of the transmittance and
improvement of the visibility.
[0125] While the invention has been shown and described
with reference to certain exemplary embodiments thereof; it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as
defined by the appended claims and their equivalents.
What is claimed is:
1. A liquid crystal display device comprising:
a first pixel, and a second pixel adjacent to the first pixel;
a gate line in electrical connection with the first pixel and
the second pixel, wherein the gate line extends in a row
direction;
data lines which cross the gate line; and
a reference voltage line including a vertical portion which
passes through the first pixel and the second pixel, and
horizontal portions which alternately extend from the
vertical portion;
each of the first pixel and the second pixel including;

a first thin film transistor and a second thin film
transistor each in electrical connection with the gate
line and a data line which correspond to a respective
pixel;

a third thin film transistor in electrical connection
between the output terminal of the second thin film
transistor and the reference voltage line; and

a pixel electrode including a first subpixel electrode in
connection with an output terminal of the first thin
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film transistor, and a second subpixel electrode in
connection with an output terminal of the second thin
film transistor;

wherein the horizontal portions of the reference voltage
line are in electrical connection with the second
subpixel electrodes of both the first pixel and the
second pixel.

2. The liquid crystal display device of claim 1, wherein
the reference voltage line overlaps a portion of a non-
transmission area of the first pixel and the second pixel.

3. The liquid crystal display device of claim 2, wherein a
horizontal portion of the reference voltage line in electrical
connection with the second pixel extends along a horizontal
side of the pixel electrode of the first pixel.

4. The liquid crystal display device of claim 3, wherein
the horizontal portion partially overlaps the pixel electrode
of the first pixel.

5. The liquid crystal display device of claim 4, wherein
the vertical portion of the reference voltage line overlaps a
portion of a boundary area between the first and second
subpixel electrodes.

6. The liquid crystal display device of claim 4, wherein

the first subpixel electrode has a *V” shape, and

the vertical portion of the reference voltage line overlaps

a vertex of the ‘V” shape.

7. The liquid crystal display device of claim 2, further
comprising a light blocking film which overlaps the vertical
portion of the reference voltage line, wherein the light
blocking film is on a same layer as the gate line.

8. The liquid crystal display device of claim 2, wherein
the third thin film transistor divides a voltage of the output
terminal of the second thin film transistor.

9. The liquid crystal display device of claim 8, further
comprising a charge sharing capacitor in electrical connec-
tion between the third thin film transistor and the reference
voltage line.

10. The liquid crystal display device of claim 9, wherein
the vertical portion of the reference voltage line overlaps a
portion of a boundary area between the first and second
subpixel electrodes.

11. The liquid crystal display device of claim 1, wherein
the vertical portion of the reference voltage line overlaps a
portion of a boundary area between the first and second
subpixel electrodes.

12. The liquid crystal display device of claim 1, wherein

the first subpixel electrode includes an incision portion

which divides the first subpixel electrode into a first
area and a second area, and

the vertical portion of the reference voltage line overlaps

a portion of the incision portion of the first subpixel
electrode.
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13. A display device comprising:

a substrate;

a pixel disposed in a row direction on the substrate;

a gate line in electrical connection with the pixel, wherein

the gate line extends in a row direction;

a data line which crosses the gate line;

the pixel including:

first thin film transistor and second thin film transistor,
each in electrical connection with the gate line and
the data line;

a third thin film transistor in electrical connection
between the output terminal of the second thin film
transistor and the reference voltage line; and

a pixel electrode including a first subpixel electrode in
connection with an output terminal of the first thin
film transistor, and a second subpixel electrode in
connection with an output terminal of the second thin
film transistor,

wherein a horizontal side of the pixel electrode in the
row direction is longer than a vertical side of the
pixel electrode; and

a reference voltage line including:

a vertical portion which passes through an area includ-
ing the pixel electrode, and

a horizontal portion which extends from the vertical
portion along a perimeter of the horizontal side of the
pixel electrode, wherein the horizontal portion is in
electrical connection with the second subpixel elec-
trode.

14. The display device of claim 13, wherein the reference
voltage line overlaps a portion of a non-transmission area of
the pixel.

15. The display device of claim 14, further comprising a
light blocking film which overlaps the vertical portion of the
reference voltage line, wherein the light blocking film is on
a same layer as the gate line.

16. The display device of claim 14, wherein the vertical
portion of the reference voltage line overlaps a portion of a
boundary area between the first and second subpixel elec-
trodes.

17. The display device of claim 14, wherein

the first subpixel electrode includes an incision portion

which divides the first subpixel electrode into first and

second areas, and

the vertical portion of the reference voltage line overlaps

a portion of the incision portion of the first subpixel

electrode.

18. The display device of claim 14, wherein the third thin
film transistor divides a voltage of the output terminal of the
second thin film transistor.

19. The display device of claim 18, further comprising a
charge sharing capacitor in electrical connection between
the third thin film transistor and the reference voltage line.
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