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FIG.11A
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/604,721, filed on May 25, 2017,
which is a continuation of U.S. patent application Ser. No.
14/322,567, filed on Jul. 2, 2014 and issued as U.S. Pat. No.
9,664,968 on May 30, 2017, which is a continuation of U.S.
patent application Ser. No. 12/899,019, filed on Oct. 6, 2010
and issued as U.S. Pat. No. 8,804,081 on Aug. 12, 2014,
which claims priority to Korean Patent Application No.
10-2009-0127314, filed on Dec. 18, 2009, Korean Patent
Application No. 10-2009-0127315, filed on Dec. 18, 2009
and Korean Patent Application No. 10-2009-0127316, filed
on Dec. 18, 2009, the contents of which in their entireties are
herein incorporated by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0002] The general inventive concept relates to a liquid
crystal display device.

(2) Description of the Related Art

[0003] A liquid crystal display (“LLCD”) device, which is
awidely used type of flat panel display, typically displays an
image by applying voltages to electrodes disposed on sub-
strates in the LCD to rearrange liquid crystal molecules in a
liquid crystal layer interposed between the electrodes,
thereby controlling an amount of light transmitted through
the liquid crystal layer.

[0004] The LCD has an advantage of being thin, relative
to other types of display devices, but side visibility is
typically lower than front visibility in the LCD. Accordingly,
various types of liquid crystal arrays and/or driving methods
have been developed in attempts to increase side visibility of
the LCD. For example, in an attempt to improve the viewing
angle of an LCD, the LCD may include a substrate on which
both a pixel electrode and a reference electrode are disposed.
[0005] However, when the LCD includes the substrate on
which both the pixel electrode and the reference electrode
are disposed, parasitic capacitance between the pixel and
reference electrodes and a data line is induced. However,
when an interval between the pixel and reference electrodes
and the data line is widened, to reduce the parasitic capaci-
tance therebetween, transmittance of the LCD is reduced.
[0006] Additionally, the transmittance is further reduced
due to a reduction reaction of the pixel and reference
electrodes during a manufacturing process of the pixel
electrode and the reference electrode that uses a transparent
material.

BRIEF SUMMARY OF THE INVENTION

[0007] In an exemplary embodiment, a liquid crystal dis-
play device includes a first substrate, a second substrate
facing the first substrate, a dual passivation layer disposed
between the first substrate and the second substrate. The dual
passivation layer includes a first passivation layer and a
second passivation layer, where a refractive index of the first
passivation layer is different from a refractive index of the
second passivation layer.

[0008] In an exemplary embodiment, a liquid crystal dis-
play device includes a first substrate, a second substrate
facing the first substrate, a liquid crystal layer interposed
between the first substrate and the second substrate, a gate
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line disposed between the first substrate and the liquid
crystal layer, a data line disposed between the first substrate
and the liquid crystal layer, a reference voltage line disposed
between the first substrate and the liquid crystal layer, a pixel
connected to the gate line and the data line. The pixel
includes a thin film transistor connected to a first portion of
the data line, a first electrode connected to the thin film
transistor and including an opening formed therein overlap-
ping the thin film transistor, and a second electrode disposed
between the first electrode and the liquid crystal layer. The
second electrode includes a first connection part disposed
substantially parallel to the data line, a second connection
part disposed substantially parallel to the gate line and
connected to the first connection part and a branch electrode
which includes a first part, a second part connected to the
first part; and a third part connected to the first part and the
second connection part. The second part forms a first angle
with the first part. the third part forms a second angle with
the first part and a third angle with the second connection
part, and a first opening is formed in the second electrode
overlapping the thin film transistor and the first portion of
the data line.

[0009] In an exemplary embodiment, a liquid crystal dis-
play device includes a first substrate, a second substrate
facing the first substrate, a liquid crystal layer interposed
between the first substrate and the second substrate, a data
line disposed on the first substrate, and a pixel disposed
adjacent to the data line. The pixel includes a reference
electrode disposed between the first substrate and the liquid
crystal layer, and a pixel electrode disposed between the first
substrate and the reference electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other aspects of the present inven-
tion will become more readily apparent by describing in
further detail exemplary embodiments thereof with refer-
ence to the accompanying drawings, in which:

[0011] FIG. 1is a plan view of an exemplary embodiment
of a liquid crystal display (“LCD”) device according to the
present invention;

[0012] FIG. 2A is a partial cross-sectional view taken
along line Ila-Ila of FIG. 1,

[0013] FIG. 2B is a partial cross-sectional view taken
along line IIb-IIb of FIG. 1,

[0014] FIG. 3A is an enlarged view of portion A of FIG.
1

[0015] FIG. 3B is an enlarged view of portion A' of FIG.
1
[0016]
1;
[0017] FIG. 4 is a plan view of another exemplary embodi-
ment of a liquid crystal display device according to the
present invention;

[0018] FIG. 5 is a plan view of still another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0019] FIG. 6A is a plan view of yet another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0020] FIG. 6B is a partial cross-sectional view taken
along line VIB-VIB of FIG. 6A,

[0021] FIG. 7A is a plan view of another exemplary
embodiment of a liquid crystal display device according to
the present invention;

FIG. 3C is an enlarged view of portion A" of FIG.
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[0022] FIG. 7B is a partial cross-sectional view taken
along line VIIB-VIIB of FIG. 7A;

[0023] FIG. 8 is a plan view of still another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0024] FIG.9 is a partial cross-sectional view taken along
line IX-IX of FIG. 8;

[0025] FIG. 10 is a partial cross-sectional view taken
along line X-X of FIG. 8;

[0026] FIG. 11A is an enlarged view of portion A of FIG.
8;
[0027] FIG. 11B is an enlarged view of portion A' of FIG.
8.

[0028] FIG. 12 is a plan view of yet another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0029] FIG. 13 is a partial cross-sectional view taken
along line XIII-XIII of FIG. 12;

[0030] FIG. 14 is a plan view of another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0031] FIG. 15 is a plan view of still another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0032] FIG. 16 is a plan view of yet another exemplary
embodiment of a liquid crystal display device according to
the present invention;

[0033] FIG. 17 is a partial cross-sectional view taken
along line XVII-XVII of FIG. 16;

[0034] FIG. 18 includes graphs of refractive index versus
both flow rate of nitrogen (N,) gas and pressure of N, gas
used in an exemplary embodiment of a chemical vapor
deposition process according to the present invention;
[0035] FIG. 19 is a graph of transmittance versus thick-
ness of an exemplary embodiment of a passivation layer in
a liquid crystal display device according to the present
invention;

[0036] FIG. 20 is a graph of transmittance of an exemplary
embodiment of a liquid crystal display device corresponding
to refractive indexes of a first and a second passivation layer
thereof according to the present invention;

[0037] FIGS. 21A and 21B are microphotographs of a
cross section of an exemplary embodiment of a transparent
electrode according to the present invention;

[0038] FIG. 22 is a plan view of another exemplary
embodiment of a liquid crystal display device according to
the present invention; and

[0039] FIG. 23 is a partial cross-sectional view taken
along line XXIII-XXIII of FIG. 22.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments 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.
[0041] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
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therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0042] 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 element, component, region, layer 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 present invention.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” or “includes™ and/or “including” when used in this
specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, regions, integers, steps, operations,
elements, components, and/or groups thereof.

[0044] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0045] 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 the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0046] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. 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 described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
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region illustrated or described 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 present claims.
[0047] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0048] FIG.1is a plan view of an exemplary embodiment
of a liquid crystal display device according to the present
invention, FIG. 2A is a partial cross-sectional view taken
along line Ila-Ila of FIG. 1, and FIG. 2B is a partial
cross-sectional view taken along line ITb-1Ib of FIG. 1.
[0049] Referring to FIGS. 1 and 2, a liquid crystal display
device according to an exemplary embodiment includes a
lower display panel 100 and an upper display panel 200
disposed opposite to, e.g., facing, the lower display panel
100, and a liquid crystal layer 3 interposed therebetween.
The lower display panel 100 will now be described in greater
detail.

[0050] A gate conductor including a gate line 121 and a
reference voltage line 131 is disposed on an insulating
substrate 110, which may be made of transparent glass or
plastic, for example. The gate line 121 includes a gate
electrode 124 and a wide end portion (not shown) which
may be connected to other layers or an external driving
circuit (not shown), for example. The gate line 121 may be
made of an aluminum-based metal, such as aluminum (Al)
or an aluminum alloy, for example, a silver-based metal,
such as silver (Ag) or a silver alloy, for example, a copper-
based metal, such as copper (Cu) or a copper alloy, for
example, a molybdenum (Mo) based metal, such as molyb-
denum (Mo) or a molybdenum alloy, for example, chro-
mium (Cr), tantalum (Ta), titanium (Ti), and other metals. In
an exemplary embodiment, the gate line 201 may have a
multilayer structure including at least two conductive layers,
which may have different physical properties.

[0051] The reference voltage line 131 transmits a constant
reference voltage and, more specifically, includes an
expanded portion 135 connected to a reference electrode 270
and thereby transmits the reference voltage to the reference
electrode 270. The reference voltage line 131 may be
disposed substantially parallel to the gate line 121 along a
first direction, e.g., a horizontal direction (as viewed in FIG.
1) and may be made of the same material as the gate line
121, although additional exemplary embodiments are not
limited thereto.

[0052] A gate insulating layer 140, which may be made of
silicon nitride (SiNx) or silicon oxide (SiOx), for example,
is disposed on the gate lines 121 and reference voltage line
131. The gate insulating layer 140 may have a multilayer
structure including at least two insulating layers, which may
have different physical properties.

[0053] A semiconductor island 154, which may be made
of amorphous silicon (“a-Si”) or polysilicon (“p-Si”), for
example, is disposed on the gate insulating layer 140. At
least a portion of the semiconductor island 154 overlaps the
gate electrode 124.

[0054] Ohmic contacts 163 and 165 are disposed on the
semiconductor island 154. The ohmic contacts 163 and 165
may be made of materials such as n+ hydrogenated amor-
phous silicon, for example, that is doped with n-type impu-
rity such as phosphorous (P), for example, at high concen-
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tration, or may be made of silicide. The ohmic contacts 163
and 165 may be disposed in pairs on a corresponding
semiconductor island 154.

[0055] The data line 171 including the source electrode
173 and a data conductor including a drain electrode 175 are
disposed on the ochmic contacts 163 and 165 and the gate
insulating layer 140.

[0056] The data line 171 includes a wide end portion (not
shown) connected to other layers or an external driving
circuit (not shown), for example. The data line 171 transmits
a data signal, and extends along a second direction, e.g., a
vertical direction (as viewed in FIG. 1), which is substan-
tially perpendicular to the first direction, and thereby inter-
sects with the gate line 121 and the reference voltage line
131. In an exemplary embodiment, the data line 171 and the
gate line 121 may define a pixel area, but additional exem-
plary embodiments are not limited thereto.

[0057] In an exemplary embodiment, the data line 171
may include a first curved part including a chevron-like
shape, e.g., a “V” shape, proximate to an intermediate, e.g,,
central, area of the pixel area to substantially improve
transmittance of the liquid crystal display device according
to one or more exemplary embodiments. The data line 171
may further include a second curved part connected to the
first curved part and forming a predetermined angle with the
first curved part.

[0058] More specifically, for example, in an exemplary
embodiment, the first curved part of the data line 171 may
form an angle of about 7 angular degrees)(° with a rubbing
direction of an alignment layer. The second curved part,
which is disposed in the intermediate area of the pixel area,
may extend from the first curved part to form an angle in a
range of about 7° through about 15° with the first curved
part.

[0059] The source electrode 173 is a portion of the data
line 171 and is disposed along the data line 171. The drain
electrode 175 extends along a direction substantially parallel
to the source electrode 173. In an exemplary embodiment,
the drain electrode 175 may be disposed substantially par-
allel to the data line 171, e.g., along the second direction.

[0060] The gate electrode 124, the source electrode 173
and the drain electrode 175 form a thin film transistor
(“TFT”) along with the semiconductor island 154, and a
channel of the thin film transistor is disposed on the semi-
conductor island 154 between the source electrode 173 and
the drain electrode 175.

[0061] In an exemplary embodiment, the liquid crystal
display device may further include the source electrode 173
disposed on a same line on which the data line 171 is
disposed and the drain electrode 175 disposed substantially
parallel to the data line 171. Accordingly, a width of the thin
film transistor may be increased without expanding a
required space for the data conductor, and the aperture ratio
of the liquid crystal display device is thereby substantially
increased.

[0062] In an exemplary embodiment, the data line 171 and
the drain electrode 175 may be made of a metal, such as
molybdenum (Mb), chromium (Cr), tantalum (Ta), titanium
(Ti), copper (Cu) or an alloy/alloys thereof, for example, and
may have a multilayer structure including a refractory metal
layer (not shown) and a low resistance conductive layer (not
shown). In an exemplary embodiment, the multilayer struc-
ture may have a double layer including a lower layer of
chromium, molybdenum or an alloy/alloys thereof and an
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upper layer of aluminum or an alloy thereof, for example, a
double layer including a lower layer of titanium or an alloy
thereof and an upper layer of copper or an alloy thereof, for
example, and a triple layer including a lower layer of
molybdenum or an alloy thereof, an intermediate layer of
aluminum or an alloy thereof, and an upper layer of molyb-
denum or an alloy thereof, for example. In additional
exemplary embodiments, the data line 171 and/or the drain
electrode 175 may be made of various metals or conductors
including the above-mentioned materials. The width of the
data line 171 may be about 3.5 micrometers (um)+0.75 pum,
but additional exemplary embodiments are not limited
thereto.

[0063] A pixel electrode 191 is disposed on a portion of
the drain electrode 175 and the gate insulating layer 140.
[0064] The pixel electrode 191 includes a pair of curved
edges substantially parallel to a first curved part and a
second curved part of the data line 171.

[0065] The pixel electrode 191 is disposed on the drain
electrode 175 overlapping a portion of the drain electrode
175 and connected to the drain electrode 175.

[0066] The pixel electrode 191 may be made of a trans-
parent material such as polycrystalline, single crystalline
amorphous Indium tin oxide (“ITO”) or indium zinc oxide
(“TIZ0”), for example.

[0067] A passivation layer 180 is disposed on the data line
171 and the drain electrode 175, the exposed semiconductor
island 154, and the pixel electrode 191. The passivation
layer 180 may be made of inorganic insulator such as silicon
nitride and silicon oxide, for example. In another exemplary
embodiment, the passivation layer 180 may be made of an
organic insulator and the surface thereof may be planarized.
The organic insulator may have photosensitivity, and the
dielectric constant of the organic insulator may be about 4.0
or less. In an exemplary embodiment, the passivation layer
180 may have a double-layer structure, including a lower
inorganic layer and an upper organic layer, which substan-
tially improves insulating characteristic and effectively pro-
tects the exposed part of the semiconductor island 154. The
thickness of the passivation layer 180 may be more than
about 5000 angstroms (A). In another exemplary embodi-
ment, the thickness of the passivation layer 180 may be in
a range of about 6000 A through about 8000 A.

[0068] The passivation layer 180 may include a contact
hole (not shown) that exposes an end portion of the data line
171, and the passivation layer 180 and the gate insulating
layer 140 include a contact hole 183 that exposes the
expanded portion 135 of the reference voltage line 131 and
a contact hole (not shown) that exposes the end part of the
gate line 121.

[0069] The reference electrode 270 is disposed on the
passivation layer 180. The reference electrode 270 overlaps
the pixel electrode 191 and includes a branch electrodes 271,
a horizontal connection part 272 connected to the branch
electrodes 271, and a vertical connection part 273 connected
to the horizontal connection part 272. The reference elec-
trode 270 may be made of transparent conductive materials
such as polycrystalline, single crystalline, amorphous ITO or
170, for example. Reference electrodes 270 disposed in
adjacent pixels are connected to each other.

[0070] The branch electrode 271 of the reference electrode
270 includes a first part 271a (shown in the dotted circle
indicating portion A of FIG. 1) and a second part 2715
(shown in the dotted circle indicating portion A' of FIG. 1)
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that are substantially parallel to the first curved part and
second curved part of the data line 171, respectively. The
first part 271a forms an angle in a range of about 5° through
about 10° with the rubbing direction of the alignment layer.
In an exemplary embodiment, the first part 271a forms an
angle of about 7° with the rubbing direction of the alignment
layer. The second part 2715 may extend from the first part
271a forming an angle in a range of about 7° through about
15° with the first part 271a.

[0071] The horizontal connection part 272 of the reference
electrode 270 is disposed substantially parallel to the gate
line 121 and connected to the branch electrodes 271. The
horizontal connection part 272 of the reference electrode
270 disposed on the lower part of the pixel area includes the
gate electrode 124 that forms the TFT, the semiconductor
island 154, the data line 171 that forms the source electrode
173, and a first opening part 274, e.g., a first opening 274,
that exposes the drain electrode 175 and a portion of the
reference voltage line 131. The horizontal connection part
272 of the reference electrode 270 has the reference elec-
trode expanded portion 275 that extends along an expanded
portion 135 of the reference voltage line 131. The reference
electrodes 270 disposed in adjacent pixels are connected to
each other.

[0072] The branch electrode 271 of the reference electrode
270 further includes a third part 271¢ (shown in the dotted
circle indicating portion A") connected to the horizontal
connection part 272 of the reference electrode 270, where
the third part 271¢ may form an angle in a range of about 7°
through about 15° with the first part 271a. In an exemplary
embodiment, an angle (which may be an acute angle)
between the first part 271a of the branch electrode 271 of the
reference electrode 270 and the horizontal connection part
272 is greater than an angle (which may be an acute angle)
between the second part 2715 and the horizontal connection
part 272 or an angle (which may be an acute angle) between
the third part 271¢ and the horizontal connection part 272 by
an angle in a range of about 7° through about 15° The
vertical connection part 273 of the reference electrode 270
extends to overlap the data line 171 disposed between two
adjacent pixels and includes the first opening part 274
disposed on a portion of the data line 171.

[0073] The first opening part 274 of the reference elec-
trode 270 exposes the source electrode 173 portion of the
data line 171 and may have a width in a range of about 30
wm through about 60 pm.

[0074] The expanded portion 275 of the reference elec-
trode 270 is connected to the reference voltage line 131
through the contact hole 183 formed in the passivation layer
180 and the gate insulating layer 140.

[0075] In an exemplary embodiment, the alignment layer
(not shown) may be disposed on the reference electrode 270
and the passivation layer 180, and the alignment layer may
be a horizontal alignment layer and rubbed in a predeter-
mined direction. More specifically, for example, the rubbing
direction of the alignment layer may form an angle in a
range of about 5° through 10° with the first part 271a of the
branch electrode of the reference electrode 270. In another
exemplary embodiment, the rubbing direction of the align-
ment layer may form an angle of about 7° with the first part
27a.

[0076] The upper display panel 200 will now be described
in greater detail.
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[0077] Still referring to FIGS. 1 and 2, a light blocking
member 220 is disposed on an insulating substrate 210,
which may be made of transparent glass or plastic, for
example. The light blocking member 220 is also referred to
as a black matrix 220, and prevents light leakage.

[0078] Color filters 230 are disposed on the insulating
substrate 210. In an exemplary embodiment, the color filters
230 may be disposed in an area surrounded by the light
blocking member 220 and may extend in a vertical direction
along a column of a pixel electrode 191. Each color filter 230
may display one primary color of primary colors (e.g., red,
green and blue).

[0079] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220. The overcoat 250 may
be made of an insulating material, e.g., an organic insulating
material, and effectively prevents the color filters 230 from
being exposed, and also provides a planarized plane. In one
or more exemplary embodiments, the overcoat 250 may be
omitted.

[0080] The liquid crystal layer 3 includes a nematic liquid
crystal material having positive dielectric anisotropy. Liquid
crystal molecules 31 of the liquid crystal layer 3 are aligned
such that longitudinal axes of the liquid crystal molecules 31
are arranged substantially parallel to a plane defined by
parallel facing surfaces of the lower display panel 100 and
the upper display panel 200, and a direction of the longitu-
dinal axes of the liquid crystal molecules 31 is spirally
twisted about 90° with respect to the rubbing direction of the
alignment layer from the lower display panel 100 to the
upper display panel 200.

[0081] The pixel electrode 191 receives a data voltage
from the drain electrode 175, and the reference electrode 270
receives a common voltage from the reference voltage line
131. The reference electrode 270 is connected to another
reference electrode that receives the reference voltage, but
the reference electrode 270 receives the reference voltage
from a reference voltage applying unit (not shown) disposed
outside of a display area through the reference voltage line
131 to prevent a voltage drop in the display area.

[0082] The pixel electrode 191 that receives the data
voltage and the reference electrode 270 that receives the
common voltage generate an electric field, and the liquid
crystal molecule 31 of the liquid crystal layer 3 disposed
between the pixel electrode 191 and the reference electrode
270 thereby rotates in a direction substantially parallel to the
direction of the electric field. As described above, polariza-
tion of light transmitted through the liquid crystal layer is
determined according to the rotated direction of the liquid
crystal molecules 31.

[0083] Thus, the liquid crystal molecules 31 of the liquid
crystal layer 3 of the liquid crystal display device rotate
according to the electric field formed between the edge of
the branch electrode 271 of the reference electrode 270 and
the pixel electrode 191. In an exemplary embodiment, since
the alignment layer is rubbed such that the liquid crystal
molecules 31 of the liquid crystal layer 3 are aligned with a
pre-tilt angle and the rubbing angle may be in a range of
about 5° through about 10° (e.g., about 7°) with the branch
electrode 271 of the reference electrode 270, the liquid
crystal molecules 31 rotate rapidly in a pre-tilted direction.
[0084] The pixel electrode 191 of the liquid crystal display
device is disposed between the gate insulating layer 140 and
the passivation layer 180 and connected to the drain elec-
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trode 175 by covering a portion of the drain electrode 175,
and the aperture ratio is thereby substantially increased.

[0085] In an exemplary embodiment, the liquid crystal
display device includes a source electrode 173 disposed
along a portion of the data line 171 and a drain electrode 175
extending substantially parallel to a portion of the data line
171. Accordingly, the width of the thin film transistor is
substantially increased without requiring the widening of an
area in which the data conductor is disposed, and the
aperture ratio of the liquid crystal display device is thereby
further increased.

[0086] In an exemplary embodiment, the reference elec-
trode 270 disposed on the passivation layer 180 includes a
gate electrode 124 of the TFT, the semiconductor island 154,
and an opening part 74 that exposes a portion of the data line
171, e.g., the source electrode 173, and the drain electrode
175. Accordingly, the parasitic capacitance between the data
line 171 and the reference electrode 270 is thereby substan-
tially reduced.

[0087] Hereinafter, experimental results showing the para-
sitic capacitance reduction between the data line 171 and the
reference electrode 270 will be described in further detail.
Table 1 shows a ratio of measured values of the parasitic
capacitance between the data line 171 and the reference
electrode 270 for experimental groups of the liquid crystal
display device relative to a control group, which is a
conventional liquid crystal display device, as a percentage.
Specifically, the parasitic capacitance between the data line
171 and the reference electrode 270 was measured from
liquid crystal display devices including different shapes of
the data line 171 and the drain electrode 175 that forms the
thin film transistor of liquid crystal display device, different
opening parts of the reference electrode 270, different line
widths of the data line 171 and different thicknesses of the
passivation layer 180.

TABLE 1

71.0%
62.1%
49.6%

O w

[0088] In Table 1, the parasitic capacitance between the
reference electrode 270 and the data line 171 of the liquid
crystal display device in the experimental groups are
expressed as a percentage with respect to a parasitic capaci-
tance between a reference electrode and a data line of a
conventional liquid crystal display device including
U-shaped drain electrode and an organic insulating layer
disposed between the reference electrode and the data line.
Group A includes liquid crystal display device having the
source electrode 173 that is a portion of the data line 171 and
disposed along the data line 171 and the drain electrode 175
extending substantially parallel to the data line 171, where
the reference electrode 270 includes the gate electrode 124
that forms the thin film transistor, the semiconductor island
154, and the first opening part 274 that exposes the source
electrode 173 that is a portion of the data line 171, the drain
electrode 175, and a portion of the reference voltage line
131. Group B includes a liquid crystal display device, the
same as the liquid crystal display device of Group A except
for the line width of the data line formed at about 3.5 pm,
and Group C includes a liquid crystal display device, the
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same as the liquid crystal display device of group B except
for the thickness of the passivation layer 180 formed at about
8000 A.

[0089] As shown in Table 1, the parasitic capacitance
between the reference electrode 270 and the data line 171 of
Group A is reduced to about 71.0% as compared to the
conventional liquid crystal display device, the parasitic
capacitance between the reference electrode 270 and the
data line 171 of Group B is reduced to about 62.1% by
controlling the line width of the data line 171 and the
parasitic capacitance between the reference electrode 270
and the data line 171 of Group C is reduced to about 49.6%
by controlling the thickness of the passivation layer 180.
[0090] As described above, an exemplary embodiment of
a liquid crystal display device according to the present
invention has substantially improved aperture ratio, substan-
tially reduced parasitic capacitance between the data line
171 and the reference electrode 270, without a complicated
manufacturing process, and, accordingly, a substantially
reduced and/or effectively prevented deterioration of image
quality due to the parasitic capacitance.

[0091] The shape of the branch electrode 271 of the
reference electrode 270 according to an exemplary embodi-
ment of the liquid crystal display device will now be
described in further detail with reference to FIGS. 3A
through 3C. FIG. 3Ais an enlarged view of portion A of FIG.
1, which is the first part 271a of the reference electrode 270,
FIG. 3B is an enlarged view of portion A' of FIG. 1, which
is the second part 2715 of the reference electrode 270, and
FIG. 3C is an enlarged view of portion A" of FI1G. 1, which
is the third part 271c¢ of the reference electrode 270.
[0092] Referring to FIG. 3A, the first part 271a of the
branch electrode 271 of the reference electrode 270 is
disposed in a direction forming a first angle 681 with the
rubbing direction of the alignment layer disposed on the
lower display panel 100. As described above, the first angle
61 may be in a range of about 5° through about 10° (e.g.,
about 7°). Referring to FIG. 3B, the second part 2715 of the
branch electrode 271 of the reference electrode 270 is
disposed in a direction forming a second angle 62 with the
first part 271a, and referring to FIG. 3C, the third part 271¢
of the reference electrode 270 is disposed in a direction
forming the second angle 62 with the first part 271a. In an
exemplary embodiment, the second angle 62 may be in a
range of about 7° through about 15°.

[0093] As described above, the branch electrode 271 of
the reference electrode 270 includes the first part 271a, the
second part 2715 and the third part 271¢, and the direction
of the electric filed generated at the central part and edge part
of the pixel area is thereby changed. In a conventional liquid
crystal display device, however, the direction of the electric
field at the edge part of the branch electrode 271 is substan-
tially different from the direction of the electric field at the
central part of the branch electrode 271, and the aligned
directions of the liquid crystal molecules are largely irregu-
lar when the electric field is generated in the liquid crystal
layer 3, and an undesired texture is thereby generated in the
image. In an exemplary embodiment, however, the liquid
crystal display device includes the second part 2715 and the
third part 271¢ that form an angle with the rubbing direction
greater than an angle that the first part 271a forms with the
rubbing direction to adjust the direction of the electric field
at the edge part and the central part of the branch electrode
271, and the liquid crystal molecules of the liquid crystal
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layer 3 are thereby aligned in a predetermined direction by
rotating in predetermined directions. Accordingly, any tex-
ture due to irregular rotation of the liquid crystal molecule
31 at the central part or the upper and lower boundary part
of the pixel area is effectively prevented.

[0094] In an exemplary embodiment, the branch electrode
271 of the reference electrode 270 includes the first part
271a, the second part 2714 and the third part 271¢ for the
liquid crystal molecules 31 to rotate in different directions
when the electric field is generated by the branch electrodes
271, and the viewing angle of the liquid crystal display
device is thereby substantially increased and the color tone
is effectively compensated.

[0095] Another exemplary embodiment will now be
described in further detail with reference to FIG. 4, which is
a plan view of a liquid crystal display device according to
the present invention.

[0096] The structure of the liquid crystal display device of
FIG. 4 is substantially the same as the structure of the
exemplary embodiments of the liquid crystal display device
shown in FIGS. 1 and 2 and described in greater detail
above. The same or like elements shown in FIG. 4 have been
labeled with the same reference characters as used in FIGS.
1 and 2, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0097] As shown in FIG. 4, the liquid crystal display
device includes at least three adjacent pixels, where a pixel
of the at least three adjacent pixels includes a spacer 325.
The spacer 325 may be disposed on the expanded portion
135 of the reference voltage line 131 and an area of the
spacer 325 is greater than an area of the contact hole 183 that
connects the reference voltage line 131 and the reference
electrode 270.

[0098] In an exemplary embodiment, the pixel including
the spacer 325 (of the at least three adjacent pixels) does not
include the contact hole 183 that connects the reference
voltage line 131 and the reference electrode 270, while the
other pixels (of the at least three adjacent pixels) includes the
contact hole 183. Therefore, the reference voltage line 131
and the reference electrode 270 may be connected through
the contact hole 183 in a pixel area in which the spacer 325
is to not disposed. When the spacer 325 is disposed on the
contact hole 183, a pixel distance may be inaccurate due to
a step difference caused by the contact hole 183. In an
exemplary embodiment, the accuracy of the pixel distance is
increased by disposing the spacer 325 only in a pixel where
the contact hole 183 that connects the reference voltage line
131 and the reference electrode 270 is not formed.

[0099] A part of the light blocking member 220 corre-
sponding to the spacer 325 disposed in the pixel including
the spacer 325 among the three adjacent pixels is expended,
and thereby covers the spacer 325. Therefore, the aperture
ratio of the pixel in which the spacer 325 is disposed may be
less than the aperture ratios of the other pixels.

[0100] The at least three adjacent pixels may display
different colors, and the pixel including the spacer 325 has
the smallest aperture ratio among the at least three adjacent
pixels, and may be a green pixel. In an exemplary embodi-
ment, yellow discoloration of the liquid display device is
effectively prevented where the aperture ratio of a green
pixel is smaller than the aperture ratios of other color pixels.

[0101] Another exemplary embodiment of the liquid crys-
tal display device will now be described in further detail
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with reference to FIG. 5. FIG. 5 is a plan view of a liquid
crystal display device according to the present invention.
[0102] The structure of the liquid crystal display device of
FIG. 5 is substantially the same as the structure the liquid
crystal display device in FIGS. 1 and 2 except for the
reference voltage line 131. The same or like elements shown
in FIG. 5 have been labeled with the same reference char-
acters as used above to describe the exemplary embodiments
of the liquid crystal display device shown in FIGS. 1 and 2,
and any repetitive detailed description thereof will herein-
after be omitted or simplified.

[0103] As described above, and in the exemplary embodi-
ment of the liquid crystal display device shown in FIG. 5, the
reference voltage line 131 is disposed at the central part of
the pixel area, and the expanded portion 135 of the reference
voltage line 131 is disposed in the central part of the pixel
area and the expanded portion 275 of the reference electrode
270 is disposed in the central part of the pixel area.

[0104] The contact hole 183 that connects the reference
voltage line 131 and the reference electrode 270, the
expanded portion 135 of the reference voltage line 131, and
the expanded portion 275 of the reference electrode 270 may
be disposed in one pixel of three adjacent pixels, and the
contact hole 183 may not be formed in other pixels of the
three adjacent pixels. Therefore, the reference voltage line
131 and the reference electrode 270 can be connected
through the contact hole 183 in the one pixel of the three
neighboring pixels. A contact area of the reference voltage
line 131 and the reference electrode 270 may be disposed
adjacent to the data line 171.

[0105] In the one pixel where the reference voltage line
131 and the reference electrode 270 are connected to each
other through the contact hole 183 of the three adjacent
pixels, an edge of the pixel electrode 191 adjacent to the data
line 171 may include a cutout 192 formed in a portion
corresponding to the expanded portion 135 of the reference
voltage line 131, the contact hole 183 and the expanded
portion 275 of the reference electrode 270 and surrounding
at least a portion of the contact area of the reference voltage
line 131 and the reference electrode 270. Accordingly, the
pixel electrode 191 disposed between the reference voltage
line 131 and the reference electrode 270 is not overlapping
the contact part of the reference voltage line 131 and the
reference electrode 270, and a short between the reference
electrode 270 and the pixel electrode 191 is thereby effec-
tively prevented.

[0106] In an exemplary embodiment, when the contact
hole 183 that connects the reference voltage line 131 and the
reference electrode 270, the expanded portion 135 of the
reference voltage line 131 and the expanded portion 275 of
the reference electrode 270 are disposed in the one pixel of
the three adjacent pixels, the aperture ratio of the one pixel
where the reference voltage line 131 and the reference
electrode 270 are connected may be less than the aperture
ratios of the other pixels of the three adjacent pixels.
[0107] The three adjacent pixels may display different
colors, and the one pixel where the reference voltage line
131 and the reference electrode 270 are connected and that
has the less aperture ratio may be a green pixel.

[0108] As described above, by connecting the reference
voltage line 131 and the reference electrode 270 only in a
part of the pixels, the aperture ratios of the other pixels of the
pixels can be increased, and the entire aperture ratio of the
liquid crystal display device is thereby substantially
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increased. In an exemplary embodiment, the aperture ratio
of the green pixel may be less than the aperture ratios of the
other pixels displaying other colors, and yellow discolor-
ation of the liquid crystal display device is thereby effec-
tively prevented.

[0109] Another exemplary embodiment of the liquid crys-
tal display device now will be described in further detail
with reference to FIGS. 6A and 6B. FIG. 6A is a plan view
of yet another exemplary embodiment of a liquid crystal
display device according to the present invention, and FIG.
6B is a partial cross-sectional view taken along line VIB-
VIB of FIG. 6A.

[0110] The structure of the exemplary embodiment of the
liquid crystal display device of FIGS. 6A and 6B is sub-
stantially the same as the structure the liquid crystal display
in FIGS. 1 and 2 except that the liquid crystal display device
of FIGS. 6A and 6B further includes a shielding electrode 88
and a second opening part 276, e.g., a second opening 276.
The same or like elements shown in FIGS. 6A and 6B have
been labeled with the same reference characters as used
above to describe the exemplary embodiments of the liquid
crystal display device shown in FIGS. 1 and 2, and any
repetitive detailed description thereof will hereinafier be
omitted or simplified.

[0111] As described above, the liquid crystal display
device shown in FIGS. 6A and 6B includes the shielding
electrode 88 disposed below the data line 171 and the second
opening part 276 disposed above the data line 171 and
formed in the vertical connection part 273 overlapping the
data line 171. The shielding electrode 88 may be disposed in
a same layer on which the gate conductor is disposed and
may be floated. The shielding electrode 88 effectively pre-
vents light leakage. The vertical length of the second open-
ing part 276 of the reference electrode 270 disposed above
the data line 171 may be greater than half of the vertical
length of the data line 171 disposed in one pixel. As
described above, a portion of the vertical connection part
273 of the reference electrode 270 disposed on the data line
171 is not overlapping the data line 171 by having the
second opening part 276 formed therein, and the parasitic
capacitance between the data line 171 and the reference
electrode 270 is thereby substantially reduced.

[0112] Referring to FIG. 6B, a width d1 of the shielding
electrode 88 may be in a range of about 8.2 um through
about 8.8 pm, and a distance d2 between the shielding
electrode 88 and the pixel electrode 191 may be in a range
of about 4.7 um through about 5.3 pm. A width d3 of the data
line 171 may be in a range of about 3.2 through about 3.8
pm, and a width d4 of the second opening 276 of the
reference electrode 270 disposed on the data line 171 may be
in a range of about 4.2 pm through about 4.8 pum. In an
exemplary embodiment, the width d4 of the second opening
276 of the reference electrode 270 disposed on the data line
171 is greater than the width d3 of the data line 171, the data
line 171 and the reference electrode 270 are not overlapping
each other by the second opening 276, and the parasitic
capacitance due to the overlap of the data line 171 and the
reference electrode 270 is substantially reduced. In an exem-
plary embodiment, a width d5 of the branch electrode 271 of
the reference electrode 270 may be in a range of about 4.2
wm through about 4.8 pm, the branch electrode 271 adjacent
to the data line 171 and the shielding electrode 88 may
overlap each other, and a width d6 of the overlapped part
may be in a range of about 1.7 um through about 2.3 um.
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[0113] Another embodiment of the liquid crystal display
device now will be described in further detail with reference
to FIGS. 7A and 7B. FIG. 7A is a plan view of another
exemplary embodiment of a liquid crystal display device
according to the present invention, and FIG. 7B is a partial
cross-sectional view taken along line VIIB-VIIB of FIG. 7A.
[0114] The structure of the liquid crystal display device of
FIGS. 7A and 7B is substantially similar to the structure the
liquid crystal display device in FIGS. 1 and 2 except for the
reference electrode 270. The same or like elements shown in
FIGS. 7A and 7B have been labeled with the same reference
characters as used above to describe the exemplary embodi-
ments of the liquid crystal display device shown in FIGS. 1
and 2, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0115] The gate line 121, which includes the gate elec-
trode 124, and the reference voltage line 131 are disposed on
the insulating substrate 110, and the gate insulating layer 140
is disposed on the gate line 121 and the reference voltage
line 131. The semiconductor island 154, the ohmic contacts
163 and 165 are disposed on the gate insulating layer 140,
and the data line 171 and the drain electrode 175, which
include the source electrode 173, are disposed on the gate
insulating layer 140 and the ohmic contacts 163 and 165.
The pixel electrode 191 is disposed on the gate insulating
layer 140 and a portion of the drain electrode 175, and the
passivation layer 180 having the contact hole 183 is dis-
posed on the pixel electrode 191, the data line 171, the drain
electrode 175 and the exposed semiconductor island 154.
The reference electrode 270 including the branch electrode
271 is disposed on the passivation layer 180, overlapping the
pixel electrode 191.

[0116] As shown in FIG. 7A, the reference electrode 270
of the liquid crystal display device overlaps the pixel elec-
trode 191, and includes a plurality of branch electrodes 271,
a horizontal connection part 272 (hereinafter, the horizontal
connection part will be referred to as the “first connection
part”) connected to the plurality of branch electrodes 271
and a vertical connection part 273 (hereinafter, the vertical
connection part 273 will be referred to as the “second
connection part”) connected to the first connection part 272
and a reference electrode 270 disposed in an adjacent pixel.
[0117] The branch electrode 271 of the reference electrode
270 extends substantially parallel to the gate line 121. In
another exemplary embodiment the branch electrode 271
may be disposed in a direction forming an angle in a range
of about 5° through about 20° with the gate line 121. In an
exemplary embodiment, the branch electrode 271 of the
reference electrode 270 may be disposed in a direction
forming an angle in a range of about 7° through about 13°
(e.g., about 10°) with the rubbing direction of the alignment
layer.

[0118] The branch electrode 271 of the reference electrode
270 includes a first part 271a extending from the branch
electrode 271 and a second part 2715 extending from an end
of the first part 271a.

[0119] In an exemplary embodiment, the first part 271a of
the branch electrode 271 of the reference electrode 270
forms an angle of about 10° with the rubbing direction of the
arrangement layer, and the second part 2715 may be dis-
posed in a direction forming an angle in a range of about 7°
through about 15° with the first part 271a.

[0120] Another embodiment of the liquid crystal display
device now will be described in further detail with reference
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to FIGS. 8 through 10. FIG. 8 is a plan view of another
exemplary embodiment of a liquid crystal display device
according to the present invention, FIG. 9 is a partial
cross-sectional view taken along line IX-IX of FIG. 8 and

FIG. 10 is a partial cross-sectional view taken along line
X-X of FIG. 8.

[0121] Referring to FIGS. 8 through 10, the liquid crystal
display device includes the lower display panel 100, the
upper display panel 200 disposed opposite to the lower
display panel 100 and the liquid crystal layer 3 interposed
therebetween.

[0122] The lower display panel 100 will now be described
in further detail.

[0123] The gate line 121 and the gate conductor including
the reference voltage line 131 are disposed on the insulating
substrate 110, which may be made of a transparent glass or
plastic, for example. The gate line 121 includes the gate
electrode 124 and a wide end portion (not shown), which
may be connected to other layers or external driving circuits,
for example. The reference voltage line 131 transmits a
predetermined reference voltage and includes the expanded
portion 135 connected to the reference electrode 270. The
reference voltage line 131 is connected to the reference
electrode 270 and transmits the common voltage to the
reference electrode 270. The reference voltage line 131 may
be disposed substantially parallel to the gate line 121 and
may be made of a material same as the material of which the
gate line 121 may be made of.

[0124] The gate insulating layer 140 may be made SiNx or
SiOx, for example, and is disposed on the gate conductors,
e.g., the gate line 121 and the reference voltage line 131. The
gate insulating layer 140 may have the multilayer structure
including at least two insulating layers of different physical
properties.

[0125] Semiconductor stripes 151, which may be made of
hydrogenated a-Si p-Si, for example, are disposed on the
gate insulating layer 140. The semiconductor stripe 151
extends in a direction substantially parallel to the data line
171 and includes a plurality of projection parts 154 extend-
ing toward the gate electrode 124.

[0126] Stripe ohmic contacts 161 and island ohmic con-
tacts 165 are disposed on the semiconductor stripe 151. The
ohmic contacts 161 and 165 may be made of materials such
as n+ hydrogenated a-Si doped with an n-type impurity, e.g,,
phosphorous (P), at high concentration or may be made of
silicide. The ohmic contacts 161 include a projection part
163, and the projection part 163 and the ohmic contacts 165
are disposed in pairs on the projection part 154 of the
semiconductor stripe 151.

[0127] The data line 171 and the drain electrode 175 are
disposed on the ohmic contacts, e.g., stripe ohmic contacts
161 and island ohmic contacts 165, and the gate insulating
layer 140.

[0128] The data line 171 transmits the data signal and
extends in a direction substantially vertical to the gate line
121 and the reference voltage line 131, and thereby inter-
sects the gate line 121 and the reference voltage line 131.

[0129] The data line 171 includes the source electrode 173
extending to the gate electrode 124 and a wide end portion
(not shown), which may be connected to other layers or the
external driving circuits.
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[0130] In an exemplary embodiment, the data line 171
may include an extended portion disposed adjacent to the
gate line 121 and the reference voltage line 131 to prevent
short-circuit.

[0131] The drain electrode 175 is disposed at a distance
from the data line 171 and opposite to the source electrode
173, and the gate electrode 124 is disposed adjacent to the
drain electrode 175 and the data line 171.

[0132] The drain electrode 175 includes a narrow part and
an expanded part. A portion of the narrow part is surrounded
by the source electrode 173.

[0133] The gate electrode 124, the source electrode 173
and the drain electrode 175 forms TFT along with the
projection part 154 of the semiconductor stripe 151, and a
channel of the thin film transistor is formed on the semi-
conductor island 154 between the source electrode 173 and
the drain electrode 175.

[0134] The pixel electrode 191 is disposed on the
expanded part of the drain electrode 175 and the gate
insulating layer 140.

[0135] The pixel electrode 191 has an edge substantially
parallel to the data line 171 or the gate line 121 and has a
substantially rectangular (which may be a square) shape.
[0136] The pixel electrode 191 overlaps the expanded part
of the drain electrode 175, and is thereby connected to the
drain electrode 175 disposed thereon.

[0137] The pixel electrode 191 may be made of transpar-
ent materials such as polycrystalline, single crystalline
amorphous ITO or 170, for example.

[0138] The passivation layer 180 is disposed on the data
conductors, e.g., the data line 171 and the drain electrode
175, the exposed semiconductor island 154 and the pixel
electrode 191. The passivation layer 180 is made of an
inorganic insulator such as silicon nitride or silicon oxide,
for example. In an exemplary embodiment, the passivation
layer 180 may be made of an organic insulator, and the
surface of the passivation layer 180 may be planarized. The
organic insulator may have photosensitivity and the dielec-
tric constant of the organic insulator may be less than about
4.0. In an exemplary embodiment, the passivation layer 180
may have a double-layer structure, including a lower inor-
ganic layer and an upper organic layer, which has substan-
tially improved insulating characteristic of the organic layer
effectively protect the exposed part of the semiconductor
island 154.

[0139] The passivation layer 180 includes a contact hole
(not shown) formed therein that exposes an end portion of
the data line 171, and the passivation layer 180 and the gate
insulating layer 140 include a contact hole 183 that exposes
the expanded portion 135 of the reference voltage line 131,
and a contact hole (not shown) that exposes an end portion
of the gate line 121.

[0140] The reference electrode 270 is disposed on the
passivation layer 180. The reference electrode 270 overlaps
the pixel electrode 191 and includes the first connection part
272 connected to the plurality of branch electrodes 271, the
second connection part 273 and reference electrodes 270 of
adjacent pixels. The reference electrode 270 may be made of
transparent conductive materials, such as polycrystalline,
single crystalline, amorphous 1TO or IZ0, for example.
[0141] The branch electrode 271s of the reference elec-
trode 270 may be disposed in a direction forming an angle
in a range of about 5° through about 20° with the gate line
121. In an exemplary embodiment, the branch electrode 271
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of the reference electrode 270 may be disposed in a direction
forming an angle of about 10° with the rubbing direction of
the alignment layer.

[0142] The branch electrode 271 of the reference electrode
270 includes the first part 271a (shown in the dotted circle
indicating portion A of FIG. 8) extending in a predetermined
direction and the second part 2715 (shown in the dotted
circle indicating portion A' of FIG. 8) extending from of the
first part 271a disposed adjacent to the first connection part
272.

[0143] The first part 271a of the branch electrode 271 of
the reference electrode 270 forms an angle in a range of
about 7° through about 13°, e.g., about 10°, with the rubbing
direction of the alignment layer and the second part 27154
may be disposed in a direction forming an angle in a range
of about 7° through about 15° with the first part 271a.

[0144] The first part 271a and the second part 2715 of the
branch electrodes 271 will now be described in greater detail
with reference to FIGS. 11A and 11B. FIG. 11A is an
enlarged view of portion A of FIG. 8, which is the first part
271a of the reference electrode, and FIG. 11B is an enlarged
view of portion A' of FIG. 8, which is the second part 2715
of the reference electrode.

[0145] Referring now to FIGS. 11A and 11B, the first part
271a of the branch electrode 271 of the reference electrode
270 is disposed in a direction forming a first angle 61 with
the rubbing direction of the alignment layer disposed on the
lower display panel 100. As described above, the first angle
61 may be in a range of about 7° through about 13°, e.g,,
about 10°. In addition, the second part 2715 of the branch
electrode 271 of the reference electrode 270 extends from
the first part 271a forming a second angle 62 with the first
part 271a. The second angle 62 may be in a range of about
7° through about 15°

[0146] As described above, the branch electrode 271 of
the reference electrode 270 includes the first part 271a and
the second part 2715, and the directions of the electric filed
generated at the central part and at edge part of the pixel area
are thereby changed. In a conventional liquid crystal display
device, the diction of the electric filed at the edge part of the
branch electrode 271 is different from the direction of the
electric field at the central part of the branch electrode 271,
and when the electric field is generated in the liquid crystal
layer 3, the aligned directions of the liquid crystal molecules
are irregular, and a texture is thereby generated. In an
exemplary embodiment, however, the reference electrode
includes the second part 2715 extending from an end portion
of the first part 271a forming an angle with the first part 271a
to change the directions of the electric field generated in the
liquid crystal layer 3, and the liquid crystal molecules in the
liquid crystal layer 3 are thereby rotated in a predetermined
direction and the rotation direction of the liquid crystal
molecules is thereby determined when the liquid crystal
molecule 31 rotates. Accordingly, texture due to any irregu-
lar rotation of the liquid crystal molecule 31 at the left and
right boundary area of the pixel area is thereby effectively
prevented. In an exemplary embodiment, the branch elec-
trode 271 of the reference electrode 270 includes the first
part 271a and the second part 2715 to differently set the
rotation angle of the liquid crystal molecule 31, and the
viewing angle of the liquid crystal display device is thereby
substantially increased and the color tone is effectively
compensated.
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[0147] Referring again to FIGS. 8 and 10, the reference
electrodes 270 disposed in pixels disposed adjacent to each
other are connected to each other by the second connection
part 273, and the second connection part 273 overlaps a
portion of the data line 171. The length of the portion of the
data line 171 that overlaps the second connection part 273 is
substantially less than the entire length of the data line 171
disposed in one pixel area.

[0148] The reference electrode 270 is connected to the
reference voltage line 131 through the contact hole 183
formed on the passivation layer 180 and the gate insulating
layer 140.

[0149] In an exemplary embodiment, the alignment layer
(not shown) is disposed on the reference electrode 270 and
the passivation layer 180, and the alignment layer may be a
horizontal alignment layer and rubbed in a predetermined
direction. The rubbing direction of the alignment layer may
form an angle of about 10° with a direction in which the first
part 2714 of the branch electrode of the reference electrode
270 extends.

[0150] The upper display panel 200 now will now be
described in further detail.

[0151] The light blocking member 220 is disposed on the
insulating substrate 210, which may be made of transparent
glass or plastic, for example. The light blocking member
220, also referred to as a black matrix, prevents light
leakage.

[0152] Color filters 230 are disposed on the insulating
substrate 210. The color filters 230 may be disposed over-
lapping an area surrounded by the light blocking member
220 and extending along a substantially vertical direction
along a column of the pixel electrode 191. Each of the color
filters 230 may display one primary color of three primary
colors (e.g., one of red, green and blue).

[0153] The overcoat 250 is disposed on the color filters
230 and the light blocking member 220. The overcoat 250
may be made of an insulating material, e.g., an organic
insulating material, and prevents exposure of the color filters
230 and provides the planarized plane. In one or more
exemplary embodiments, the overcoat 250 may be omitted.

[0154] The liquid crystal layer 3 includes a nematic liquid
crystal material having positive dielectric anisotropy. The
liquid crystal molecules of the liquid crystal layer 3 have a
structure in which the direction of the longitudinal axis is
arranged parallel to a plane defined by parallel surfaces of
the lower display panel 100 and the upper display panel 200
and twisted spirally by 90° from the rubbing direction of the
alignment layer of the lower display panel 100 to the upper
display panel 200.

[0155] The pixel electrode 191 receives a data voltage
from the drain electrode 175, and the reference electrode 270
receives a predetermined reference voltage from the refer-
ence voltage line 131.

[0156] The pixel electrode 191 that receives the data
voltage and the reference voltage line 131 that receives the
common voltage generate an electric field, and the liquid
crystal molecules of the liquid crystal layer 3 disposed above
the pixel electrode 191 and the reference electrode 270
rotate in a direction parallel to the direction of the electric
field. As described above, polarization of light that transmits
the liquid crystal layer is changed according to the rotation
direction of the liquid crystal molecules when the electric
filed is generated therein.
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[0157] As described above, the liquid crystal molecules 31
of the liquid crystal layer 3 of the liquid crystal display
device rotate corresponding to an electric field generated
between the edge of the branch electrode 271 of the refer-
ence electrode 270 and the pixel electrode 191. In an
exemplary embodiment, since the alignment layer is rubbed
such that the liquid crystal molecule 31 is pre-titled at a
predetermined angle and the rubbing angle forms about 7°
with the branch electrode 271 of the reference electrode 270,
the liquid crystal molecule 31 is thereby rotated rapidly in a
pre-tilted direction.

[0158] In an exemplary embodiment, the pixel electrode
191 of the liquid crystal display device is disposed between
the gate insulating layer 140 and the passivation layer 180
and overlaps a portion of the drain electrode 175 to be
connected to the drain electrode 175. Accordingly, the
aperture ratio may be greater than the aperture ratio of a
conventional liquid crystal display device in which a pixel
electrode and a drain electrode are connected through a
contact hole.

[0159] In an exemplary embodiment, the first connection
part 272 connected to the branch electrodes 271 of the
reference electrode 270 is disposed parallel to the data line
171, and the aperture ratio of the liquid crystal display
device is thereby increased while the parasitic capacitance
between the pixel electrode 191 and the data line 171 is
substantially reduced.

[0160] Relationships between the data line 171, the refer-
ence electrode 270 and the pixel electrode 191 according to
one or more exemplary embodiments will now be described
in greater detail with reference to FIG. 10.

[0161] As shown in FIG. 10, the liquid crystal display
device includes the pixel electrode 191 and the data line 171
disposed on the gate insulating layer 140 with a first interval
therebetween, the passivation layer 180 disposed on the data
line 171 and the pixel electrode 191 and the branch electrode
271 including the branch electrode 271 and the horizontal/
first connection part 272 of the branch electrode 271 and
disposed on the passivation layer 180 with a second interval
from the data line 171.

[0162] In an exemplary embodiment, the first interval
between the pixel electrode 191 and the data line 171 is
greater than the second interval between the reference
electrode 270 and the data line 171.

[0163] In an exemplary embodiment, the liquid crystal
display device includes the reference electrode 270 disposed
on the passivation layer 180 and including the branch
electrode 271 and the connection part 272 connected to the
branch electrode 271 is disposed on the passivation layer
180 such that a portion of the connection part 272 overlaps
the first interval between the pixel electrode 191 and the data
line 171.

[0164] In an exemplary embodiment, the overlapped por-
tion of the first interval between the pixel electrode 191 and
the data line 171 and the connection part 272 is disposed
adjacent to the data line 171 where the image is not
displayed.

[0165] Accordingly, the parasitic capacitances between
the data line 171 and the reference electrode 270 or the
parasitic capacitances between the data line 171 and the
pixel electrode 191 is substantially reduced while the aper-
ture ratio of the liquid crystal display device is significantly
increased.
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[0166] Another exemplary embodiment of a liquid crystal
display device will now be described in further detail with
reference to FIGS. 12 and 13. FIG. 12 is a plan view of an
exemplary embodiment of a liquid crystal display device
according to the present invention, and FIG. 13 is a partial
cross-sectional view taken along line XIII-XIII of FIG. 12.
[0167] The exemplary embodiment of the liquid crystal
display device shown in FIGS. 12 and 13 is substantially the
same as the exemplary embodiments of the liquid crystal
display device shown in FIGS. 8 through 10 except for a
shielding electrode 88. The same or like elements shown in
FIGS. 12 and 13 have been labeled with the same reference
characters as used above to describe the exemplary embodi-
ments of the liquid crystal display device shown in FIGS. 8
through 10, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

[0168] In an exemplary embodiment, the liquid crystal
display device further includes the shielding electrode 88
disposed under the data line 171, as shown in FIGS. 12 and
13. The shielding electrode 88 may be disposed in a same
layer including the gate conductor, and may be electrically
floated. In an exemplary embodiment, the width of the
shielding electrode 88 may be greater than the width of the
data line 171 or the semiconductor stripe 151.

[0169] The shielding electrode 88 effectively prevents
light from entering the semiconductor stripe 151 disposed
under the data line 171, and undesired activation of the
semiconductor stripe 151 by the light is thereby effectively
prevented.

[0170] Another exemplary embodiment will now be
described in further detail with reference to FIG. 14, which
is a plan view of yet another exemplary embodiment a liquid
crystal display according to the present invention.

[0171] The structure of the liquid crystal display device of
FIG. 14 is substantially the same as the structure the liquid
crystal display device in FIGS. 8 through 10 except for the
reference voltage line 131. The same or like elements shown
in FIG. 14 have been labeled with the same reference
characters as used above to describe the exemplary embodi-
ments of the liquid crystal display device shown in FIGS. 8
through 10, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

[0172] As shown in FIG. 14, the reference voltage line 131
is disposed at the middle of the pixel area of the liquid
crystal display device. In an exemplary embodiment, the
expanded portion 135 of the reference voltage line 131 is
disposed at the center of the pixel area and the expanded
portion of the reference electrode is disposed at the center of
the pixel area.

[0173] In an exemplary embodiment, since the pixel elec-
trode 191 of the pixel does not overlap the expanded portion
135 of the reference voltage line 131, the contact hole 183
and the expanded portion 275 of the reference electrode 270,
an edge of the pixel electrode 191 adjacent to the data line
171 may have a cutout that surrounds at least a portion of the
contact area of the reference voltage line 131 and the
reference electrode 270. Accordingly, the pixel electrode
191 disposed between the reference voltage line 131 and the
reference electrode 270 is not overlapping the contact area
of the reference voltage line 131 and the reference electrode
270, and a short between the reference electrode 270 and the
pixel electrode 191 is thereby effectively prevented.

[0174] Another exemplary embodiment will now be
described in further detail with reference to FIG. 15, which

Sep. 19,2019

is a plan view of another exemplary embodiment of a liquid
crystal display device according to the present invention.
[0175] The liquid crystal display device of FIG. 15 is
substantially the same as the liquid crystal display device in
FIGS. 8 through 10 except for the reference voltage line 131.
The same or like elements shown in FIG. 14 have been
labeled with the same reference characters as used above to
describe the exemplary embodiments of the liquid crystal
display device shown in FIGS. 8 through 10, and any
repetitive detailed description thereof will hereinafier be
omitted or simplified.

[0176] As shown in FIG. 15, the gate line 121, which
includes the gate electrode 124, and the reference voltage
line 131 are disposed on the insulating substrate 110, the
gate insulating layer 140 is disposed on the gate line 121 and
the reference voltage line 131 and the semiconductor island
154, the ohmic contacts 163 and 165 are disposed on the gate
insulating layer 140, and the data line 171 and the drain
electrode 175, which include the source electrode 173, are
disposed on the gate insulating layer 140 and the ohmic
contacts 163 and 165. The pixel electrode 191 is disposed on
the gate insulating layer 140 and a portion of the drain
electrode 175 and the passivation layer 180 having the
contact hole 183 is disposed on the pixel electrode 191, the
data line 171, the drain electrode 175 and the exposed
semiconductor island 154. The reference electrode 270
including the branch electrode 271 is disposed on the
passivation layer 180, overlapping the pixel electrode 191.
[0177] Referring again to FIGS. 8 through 10, in an
exemplary embodiment, the data line 171 may include a first
curved part having the chevron-like shape and may be
disposed at an intermediate area of the pixel area to obtain
maximum transmittance of the liquid crystal display device.
The intermediate area of the pixel area may further include
a second curved part that extends from the first curved part
forming a predetermined angle with the first curved part.
The first curved part of the data line 171 may form an angle
in a range of about 5° through about 10°, e.g., about 7°, with
arubbing direction of an alignment layer. The second curved
part may be disposed adjacent to the intermediate area of the
pixel area forming an angle in a range of about 7° through
about 15° with the first curved part.

[0178] Further, the branch electrode 271 of the reference
electrode 270 includes a first part 271a (shown in portion A)
substantially parallel to the first curved part of the data line
171 and a second part 2715 (shown in portion A') substan-
tially parallel to the second curved part of the data line 171.
The first part 271a¢ may form an angle of about 7° with the
rubbing direction of the alignment layer and the second part
271 may form an angle in a range of about 7° through about
15° with the first part 271a.

[0179] Another exemplary embodiment will now be
described in further detail with reference to FIGS. 16 and 17.
FIG. 16 is a plan view of still another exemplary embodi-
ment of a liquid crystal display device according to the
present invention, and FIG. 17 is a partial cross-sectional
view taken along line XVII-XVII of FIG. 16.

[0180] The liquid crystal display device shown in FIGS.
16 and 17 is substantially the same as the liquid crystal
display device in FIGS. 1, 2A and 2B except for the
passivation layer 180. The same or like elements shown in
FIGS. 16 and 17 have been labeled with the same reference
characters as used above to describe the exemplary embodi-
ments of the liquid crystal display device shown in FIGS. 1,
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2A and 2B, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

[0181] As shown in FIGS. 16 and 17, the gate line 121,
which includes the gate electrode 124, and the reference
voltage line 131 are disposed on the insulating substrate 110,
the gate insulating layer 140 is disposed on the gate line 121
and the reference voltage line 131, the semiconductor island
154 and the ohmic contacts 163 and 165 are disposed on the
gate insulating layer 140, and the data line 171 and the drain
electrode 175, which include the source electrode 173, are
disposed on the gate insulating layer 140 and the ohmic
contacts 163 and 165. The pixel electrode 191 is disposed on
the gate insulating layer 140 and a portion of the drain
electrode 175. The thickness of the pixel electrode 191 may
be in a range of about 400 A through about 500 A. The
passivation layer 180 having the contact hole 183 is dis-
posed on the pixel electrode 191, the data line 171, the drain
electrode 175 and the exposed semiconductor island 154.
The reference electrode 270 including the branch electrode
271 is disposed on the passivation layer 180, overlapping the
pixel electrode 191.

[0182] As shown in FIG. 17, the liquid crystal display
device includes the passivation layer 180 having a dual-layer
structure including a first passivation layer 180p and a
second passivation layer 1804.

[0183] The first passivation layer 180p and the second
passivation layer 1804 may have different refractive
indexes. Specifically, the refractive index of the first passi-
vation layer 180p may be in a range of about 1.4 through
about 1.6, and the refractive index of the second passivation
layer 180¢ may be in a range of about 1.6 through about 2.2.
The first passivation layer 180p and the second passivation
layer 180¢ may be made of inorganic insulator, e.g., SiNX or
SiOx. In an exemplary embodiment, the first passivation
layer 180p and the second passivation layer 180¢g may be
made of a same inorganic material, or may be made of a
different inorganic material. In an exemplary embodiment,
the thickness of the passivation layer 180 may be in a range
of about 5500 A through about 6500 A, while the thickness
of the first passivation layer 180p and the second passivation
layer 180¢ of the passivation layer 180 may be in a range of
about 2800 A through about 3200 A.

[0184] The refractive index of the first passivation layer
180p and the second passivation layer 180¢ are controlled
by adjusting a pressure and flow rate of nitrogen (N,) gas
used in an exemplary embodiment of a chemical vapor
deposition (“CVD”) process, which is a process of depos-
iting the first passivation layer 180p and the second passi-
vation layer 180q.

[0185] FIG. 18 includes graphs of refractive index versus
flow rate of N, gas, in standard cubic centimeter per minute
(sccm), and of refractive index versus pressure of N, gas, in
Pascal (Pa), used in an exemplary embodiment of a chemical
vapor deposition process according to the present invention.
As shown in FIG. 18, the refractive index of the first
passivation layer 180p or the second passivation layer 180¢
is determined by adjusting the pressure and flow rate of the
N, gas. In an exemplary embodiment, the first passivation
layer 180p and the second passivation layer 1801 of the
liquid crystal display device have different nitrogen con-
tents, and, more particularly, the nitrogen content of the first
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passivation layer 180p may be greater than the nitrogen
content of the second passivation layer 180q.

[0186] As described above, by controlling the nitrogen
content of both the first passivation layer 180p and the
second passivation layer 180¢, the refractive indexes of the
first passivation layer 180p and the second passivation layer
1804 may be predetermined, and transmittance deteriora-
tion, due to a haze phenomenon from crystallization of the
pixel electrode 191 or reference electrode 270 made of a
transparent material, is thereby reduced and/or is effectively
prevented in an exemplary embodiment of a manufacturing
process of the liquid crystal display device according to the
present invention, as will now be described in further detail
with reference to FIGS. 19 and 20.

[0187] FIG. 19 is a graph of percent transmittance (% T)
of an exemplary embodiment of a liquid crystal display
device versus thickness of a passivation layer 180 thereof, in
angstroms (A), and FIG. 20 is a graph of transmittance of the
liquid crystal display device corresponding to refractive
indexes of the first passivation layer 180p and the second
passivation layer 180q.

[0188] As shown in FIG. 19, as the thickness of the
passivation layer 180 changes, the transmittance of liquid
crystal display device changes. When the thickness of the
passivation layer 180 is in a range of about 2800 A through
about 3200 A or in a range of about 5500 A through about
6500 A, the transmittance of the liquid crystal display device
is substantially improved relative to other thickness ranges.
Accordingly, the transmittance of the liquid crystal display
device is substantially improved when the thickness of the
passivation layer 180 is in a range of about 5500 A through
about 6500 A.

[0189] Referring to FIG. 20, the transmittance of the liquid
crystal display device also changes in accordance with the
refractive indexes of the first passivation layer 180p and the
second passivation layer 180¢ of the passivation layer 180.
The transmittance of the liquid crystal display device is
about 0.820 through about 0.840 when the passivation layer
180 is formed to have a single layer. As shown in FIG. 20,
however, in an exemplary embodiment in which the passi-
vation layer 180 is formed in a dual-layer structure including
the first passivation layer 180p having refractive index in a
range of about 1.4 through about 1.6 and the second passi-
vation layer 180¢ having refractive index in a range of about
1.6 through about 2.2, the transmittance of the liquid crystal
display device is substantially increased to a range of about
0.900 through about 0.920.

[0190] Changes in transmittance of a liquid crystal display
device now will now be described in further detail with
reference to an experimental example. In the experimental
example, the haze phenomenon was measured when the
passivation layer 180 is formed in a single layer (Case A)
and when the passivation layer 180 has a dual-layer structure
including the first passivation layer 180p and the second
passivation layer 180¢ having different refractive index
(Case B).

[0191] The following Table 2 shows the condition of
chemical vapor deposition process of the first passivation
layer and the second passivation layer used in the experi-
mental example and the result of haze phenomenon.
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TABLE 2

First passivation layer _Second passivation layer

Refrac- Refrac- Haze
tive tive phenom-
Thickness index Thickness index enon
Case A 6000 A 19 — - High
Case B 2800 A-3200 A 1.4-1.6 2800 A-3200 A 1.6-2.2 Low
[0192] FIGS. 21A and 21B are microphotographs showing

cross sections of a transparent electrode, which includes
indium (In), when the passivation layer 180 is formed as a
single layer and when the passivation layer 180 has a
dual-layer structure including the first passivation layer 180p
and the second passivation layer 180¢ having different
refractive indexes, according to an exemplary embodiment
of the present invention.

[0193] Referring to FIGS. 21A and 21B and Table 2, as
compared to the passivation layer 180 formed in a single
layer, the haze phenomenon is substantially improved, e.g.,
is effectively prevented, in an exemplary embodiment in
which the passivation layer 180 has the dual-layer structure
including the first passivation layer 180p and the second
passivation layer 180¢ having different refractive index.
Accordingly, in an exemplary embodiment, the reduction of
transmittance of the pixel electrode 191 and the reference
electrode 270 by the haze phenomenon is substantially
reduced and/or is effectively prevented.

[0194] Another exemplary embodiment of a liquid crystal
display device will now be described in further detail with
reference to FIGS. 22 and 23. FIG. 22 is a plan view of
another exemplary embodiment of a liquid crystal display
device according to the present invention, and FIG. 23 is a
partial cross-sectional view taken along line XXIII-XXIII of
FIG. 22.

[0195] The liquid crystal display device of FIGS. 22 and
23 is substantially the same as the liquid crystal display
device in FIGS. 8 through 10 except for the passivation layer
180. The same or like elements shown in FIGS. 22 and 23
have been labeled with the same reference characters as used
above to describe the exemplary embodiments of the liquid
crystal display device shown in FIGS. 8 through 10, and any
repetitive detailed description thereof will hereinafter be
omitted or simplified.

[0196] As shown in FIGS. 22 and 23, the gate line 121,
which includes the gate electrode 124, and the reference
voltage line 131 are disposed on the insulating substrate 110
and the gate insulating layer 140 is disposed on the gate line
121 and the reference voltage line 131. The semiconductor
island 154, the ohmic contacts 163 and 165 are disposed on
the gate insulating layer 140, and the data line 171 and the
drain electrode 175, which include the source electrode 173,
are disposed on the gate insulating layer 140 and the ohmic
contacts 163 and 165. The pixel electrode 191 is disposed on
the gate insulating layer 140 and a portion of the drain
electrode 175, and the passivation layer 180 having the
contact hole 183 is disposed on the pixel electrode 191, the
data line 171, the drain electrode 175 and the exposed
semiconductor island 154. The reference electrode 270
including the branch electrode 271 is disposed on the
passivation layer 180, overlapping the pixel electrode 191.
[0197] As shown in FIG. 23, the liquid crystal display
device includes the passivation layer 180 having a dual-layer

13

Sep. 19,2019

structure including the first passivation layer 180p and the
second passivation layer 1804.
[0198] The first passivation layer 180p and the second
passivation layer 180g may have different refractive
indexes. Specifically, for example, the refractive index of the
first passivation layer 180p may be in a range of about 1.4
through about 1.6, and the refractive index of the second
passivation layer 1804 may be in a range of about 1.6
through about 2.2. The first passivation layer 180p and the
second passivation layer 180¢ may be made of inorganic
insulator, e.g., SiNx or SiOx. In an exemplary embodiment,
the first passivation layer 180p and the second passivation
layer 180¢ may be made of a same inorganic material. In
another exemplary embodiment the first passivation layer
180p and the second passivation layer 180 may be made of
different inorganic materials. In an exemplary embodiment,
the total thickness of the passivation layer 180 may be in a
range of about 5500 A to about 6500 A, while the thickness
of the first passivation layer 180p and the second passivation
layer 180¢ of the passivation layer 180 may be in a range of
about 2800 A to about 3200 A.
[0199] As described above, the refractive index of the first
passivation layer 180p and the second passivation layer
1804 may be predetermined during a process of depositing
the first passivation layer 180p and the second passivation
layer 180¢ by adjusting the pressure and flow rate of N, gas
that is used in the CVD process according to an exemplary
embodiment.
[0200] As also described above, the transmittance dete-
rioration, e.g., the haze phenomenon due to crystallization of
the pixel electrode 191 and/or the reference electrode 270
made of a transparent material in the manufacturing process
of the liquid crystal display device, is effectively prevented
by forming the passivation layer 180 in a dual-layer struc-
ture including the first passivation layer 180p and the second
passivation layer 1804 having different refractive index.
[0201] The present invention should not be construed as
being limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided
so that this disclosure will be thorough and complete and
will fully convey the concept of the present invention to
those skilled in the art.
[0202] In additional exemplary embodiments, for
example, the reference electrode may have a surface shape
without a specific pattern in the pixel area and the pixel
electrode may include a plurality of linear branch electrodes
and a branch electrode connection part connecting them.
Further, the present invention can be applied to not only
when the color filter and light blocking film are formed on
the upper plate, but when the color filter and light blocking
film are formed on the insulating substrate, as well.
[0203] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit or scope
of the present invention as defined by the following claims.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer interposed between the first substrate

and the second substrate;
a first gate line disposed on the first substrate;
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a first common voltage line being substantially parallel to
the first gate line, the first common voltage line includ-
ing a plurality of expanded portions;

a first data line and a second data line crossing the first
gate line and being substantially parallel to each other;

a first thin film transistor connected to the first gate line
and the first data line;

asecond thin film transistor connected to the first gate line
and the second data line;

a first pixel electrode connected to the first thin film
transistor in a first pixel;

a second pixel electrode connected to the second thin film
transistor in a second pixel;

a common electrode disposed on the first substrate and
overlapping the first pixel electrode and the second
pixel electrode; and

an insulating layer between the first common voltage line
and the common electrode,

wherein the insulating layer has a first contact hole
overlapping one of the expanded portions of the first
common voltage line in the second pixel, and

wherein the insulating layer does not have contact holes
overlapping the expanded portions of the first common
voltage line in the first pixel.

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

one of the first and second thin film transistors comprises:

a source electrode being a first portion of the first data
line,

a drain electrode which parallels the first data line, and

a channel area disposed under the first data line and the
drain electrode.

3. The liquid crystal display device of claim 2, wherein

the common electrode comprises:

a first connection part disposed substantially parallel to
the first date line and the second data line;

a second connection part disposed substantially parallel to
the first gate line and connected to the first connection
part; and

a branch electrode.

4. The liquid crystal display device of claim 3, wherein

the branch electrode comprises

a first part;

a second part connected to the first part; and
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a third part connected to the first part and the second

connection patt,

wherein

the second part forms a first angle with the first part, and

the third part forms a second angle with the first part and

a third angle with the second connection part.

5. The liquid crystal display device of claim 4, wherein
the first connection part overlaps a second portion of the first
data line and the second data line.

6. The liquid crystal display device of claim 5, wherein a
first opening is to formed in the common electrode and
overlaps the channel area between the source electrode and
the drain electrode.

7. The liquid crystal display device of claim 6, wherein
the first opening overlaps an entirety of the source electrode
and an entire width of the first portion.

8. The liquid crystal display device of claim 7, wherein a
second opening is formed in the first connection part of the
common electrode and overlaps the second portion.

9. The liquid crystal display device of claim 6, wherein
the first opening of the common electrode exposes a portion
of the pixel electrodes in a plan view.

10. The liquid crystal display device of claim 1, further
comprising a shielding electrode disposed under the first
data line and the second data line and on the first substrate
and overlapping a second portion of the first data line and the
second data line.

11. The liquid crystal display of claim 1, wherein first
contact hole is disposed in a red pixel or a blue pixel.

12. The liquid display device of claim 1, further compris-
ing a dual passivation layer disposed between the common
electrode and the pixel electrodes, the dual passivation layer
comprising a first passivation layer and a second passivation
layer,

wherein a refractive index of the first passivation layer is

different from a refractive index of the second passi-
vation layer.

13. The liquid crystal display device of claim 12, wherein
a nitrogen content of the first passivation layer is greater than
a nitrogen content of the second passivation layer.

14. The liquid crystal display device of claim 1, wherein
the contact holes are disposed in one pixel of three neigh-
boring pixels.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRIRBAA

EHA

IPCHRS

CPCH%E=

L 5ER

SAERGERE

BEGF)

—MERERRE , BEF &R, AOF-ERNE_ER , REE

patsnap

RBERRE

US20190285956A1 N (E)BE 2019-09-19
US16/434430 HiEA 2019-06-07
=EERERALT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

SONG JANG KUN
HAM YEON SIK
KIM KANG WOO
JEON YEON MUN
LEE JEONG HYUN

SONG, JANG-KUN
HAM, YEON-SIK
KIM, KANG-WOO
JEON, YEON-MUN
LEE, JEONG HYUN

GO02F1/1362 G02F1/1343

G02F2001/134345 G02F1/134363 G02F1/134336 G02F1/136286 G02F1/1343 G02F2001/1552
G02F2201/50 GO2F1/155 G02F2001/134381 G02F1/136227 G02F1/134309 G02F2001/136218

1020090127314 2009-12-18 KR
1020090127315 2009-12-18 KR
1020090127316 2009-12-18 KR

Espacenet USPTO

E-ERANE R AHNAILE. RAEaEE—fENE= — ' SlIHSE

HILE. E-HILENFFRTRTE-MILENTHE, M T s e
2z oo

S———="1 TE | I;/
A L1 bA g LI 274
el TN I Brrrga 1T

AY 121 154

271 f—

N0l



https://share-analytics.zhihuiya.com/view/5c98c93a-bc84-4052-8ec7-91384178ae28
https://worldwide.espacenet.com/patent/search/family/044150573/publication/US2019285956A1?q=US2019285956A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190285956%22.PGNR.&OS=DN/20190285956&RS=DN/20190285956

