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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application No. 10-2011-0037244, filed in Korea on
Apr. 21, 2011, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Discussion of the Related Art

[0005] Until recently, display devices have typically used
cathode-ray tubes (CRTs). Presently, many efforts and studies
are being made to develop various types of flat panel displays,
such as liquid crystal display (LCD) devices, plasma display
panels (PDPs), field emission displays, and electro-lumines-
cence displays (ELDs), as a substitute for CRTs. Of these flat
panel displays, LCD devices have many advantages, such as
high resolution, light weight, thin profile, compact size, and
low voltage power supply requirements.

[0006] In general, an LCD device includes two substrates
that are spaced apart and face each other with a liquid crystal
material interposed between the two substrates. The two sub-
strates include electrodes that face each other such that a
voltage applied between the electrodes induces an electric
field across the liquid crystal material. Alignment of the liquid
crystal molecules in the liquid crystal material changes in
accordance with the intensity of the induced electric field into
the direction of the induced electric field, thereby changing
the light transmissivity of the LCD device. Thus, the LCD
device displays images by varying the intensity ofthe induced
electric field.

[0007] FIG. 1 is a perspective view illustrating an LCD
device according to the related art.

[0008] Referring to FIG. 1, the LCD device 1 includes an
array substrate 10, a color filter substrate 20 and a liquid
crystal layer 30 between the array substrate 10 and the color
filter substrate 20.

[0009] The array substrate 10 includes gate and data lines
14 and 16 crossing each other on a first e12 to define a pixel
region P. A thin film transistor Tr is formed at a crossing
portion of the gate and data lines 14 and 16. A pixel electrode
18 in the pixel region P is connected to the thin film transistor
Tr.

[0010] The color filter substrate 20 includes a black matrix
25 on a second substrate 22 and corresponding to the gate and
data lines 14 and 16 and the thin film transistor Tr. A color
filter layer 26 corresponds to the pixel region P. The color
filter layer includes red (R), green (G) and blue (B) color filter
patterns 26a, 265 and 26¢ corresponding to the respective
pixel regions P. A common electrode 28 is formed on the
black matrix 25 and the color filter layer 26.

[0011] Although not shown in the drawings, spacers are
located between the array substrate 10 and the color filter
substrate 20 to maintain a cell gap therebetween and spaced
apart from one another. The spacer is a ball spacer or pat-
terned spacer. Further, a sealant is located along peripheral
portions of the array substrate 10 and the color filter substrate
20 to prevent leakage of the liquid crystal layer 30. Further,
polarizing plates are formed on outer surfaces of the array
substrate 10 and the color filter substrate 20, respectively. A
backlight unit is below the array substrate 10 to supply light.
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[0012] Whena gate signal is supplied to the gate line 14, the
thin film transistor Tr is turned on and a data signal is supplied
through the data line 16 to the pixel electrode 18. Accord-
ingly, an electric field is induced between the pixel electrode
16 and the common electrode 28, and images are displayed
through the LCD device 1.

[0013] FIG. 2 is a plan view illustrating an LCD device
including a patterned spacer according to the related art, FIG.
3 is a view illustrating a black matrix configuration designed
for the LCD device according to the related art, and FIG. 4 is
a view illustrating a black matrix configuration actually
formed for the LCD device according to the related art.
[0014] Referring to FIG. 2, the LCD device 35 includes an
array substrate 40 in which gate and data lines 43 and 55 cross
each other to define a pixel region P. A pixel electrode 67 is
formed in the pixel region P and connected to a thin film
transistor Tr.

[0015] The color filter substrate includes a black matrix 75
having openings corresponding to respective pixel regions P,
red (R), green (G) and blue (B) color filter patterns filling the
respective openings of the black matrix 75, and a common
electrode covering the black matrix 75 and the color filter
patterns.

[0016] Patterned spacers 83 are formed over the common
electrode and overlap the black matrix 75. The patterned
spacers 83 are spaced apart from one another and each have a
cylindrical shape. The patterned spacers 83 function to main-
tain a cell gap between the array substrate 40 and the color
filter substrate.

[0017] The black matrix 75 corresponding to the patterned
spacer 83 should have the same shape as the patterned spacer
83 to prevent light leakage around the patterned spacer 83.
[0018] The patterned spacer 83 is generally designed to
have a diameter of about 8 um (micrometers) to about 13 pm
to maintain the cell gap without defect of its falling down due
to an external pressure.

[0019] However, a rubbing of an alignment layer is not
made well in the region, where the patterned spacer 83 is
formed, because of large step. Accordingly, abnormal rub-
bing occurs in a region of a diameter of about 10 um to about
12 pm greater than the diameter of the black matrix 75 with
respect to a center of the black matrix 75. Accordingly, light
leakage occurs in a region LOA up to about 5 um to about 6
um from a circumference of the patterned spacer 83.

[0020] To block the light leakage region LOA, the black
matrix 75 extends up to about 5 pm to about 6 um from the
circumference of the patterned spacer 83.

[0021] Referring to FIG. 3, the black matrix 75 is designed
to be wider than that of the patterned spacer 83 considering
the light leakage region LOA. However, referring to FIG. 4,
because of light diffraction in forming the black matrix 75, the
black matrix 75 actually formed has a shape that is not out-
ward round as the patterned spacer 83 but inward round.
[0022] As such, the black matrix 75 is not formed as
designed, and the light leakage region LOA is not fully
blocked thus. Accordingly, light leakage occurs around the
black matrix 75.

[0023] To prevent this problem, the black matrix 75 may be
formed to have a greater width. However, this causes the
black matrix 75 to more block the pixel region P, and aperture
ration is reduced.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to a
liquid crystal display device which substantially obviates one
or more of the problems due to limitations and disadvantages
of the related art.
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[0025] An advantage of the present invention is to provide
a liquid crystal display device that can block light leakage
around a patterned spacer and improve aperture ratio.
[0026] Additional features and advantages of the present
invention will be set forth in the description which follows,
and in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims thereof as well as the appended drawings.

[0027] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, a liquid crystal display device
includes an array substrate that includes gate and data lines
crossing each other to define a pixel region, and a thin film
transistor and a pixel electrode in the pixel region; an oppos-
ing substrate that faces the array substrate and includes a
black matrix corresponding to a boundary of the pixel region,
and a color filter layer filling a region surrounded by the black
matrix; a patterned spacer on the black matrix and having a
diamond shape in plane; and a liquid crystal layer between the
array substrate and the opposing substrate, wherein the pat-
terned spacer corresponds to a crossing portion of the gate and
data lines, and vertices of the diamond shape of the patterned
spacer are on the gate and data lines.

[0028] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0030] In the drawings:

[0031] FIG. 1 is a perspective view illustrating an LCD
device according to the related art;

[0032] FIG. 2 is a plan view illustrating an LCD device
including a patterned spacer according to the related art;
[0033] FIG. 3 is a view illustrating a black matrix configu-
ration designed for the LCD device according to the related
art;

[0034] FIG. 4 is a view illustrating a black matrix configu-
ration actually formed for the LCD device according to the
related art;

[0035] FIGS. 5A and 5B are views illustrating shapes in
plane of patterned spacers of an LCD device according to an
embodiment of the present invention;

[0036] FIG. 6 is a view illustrating simulation result of a
region where light leakage occurs around the patterned spacer
of FIG. 5B;

[0037] FIG. 7 is a plan view illustrating an LCD device
including a patterned spacer according to the embodiment of
the present invention; and

[0038] FIG. 8 is a cross-sectional view taken along a line
VII-VIII of FIG. 7.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0039] Reference will now be made in detail to the illus-
trated embodiments of the present invention, which are illus-
trated in the accompanying drawings.
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[0040] FIGS. SA and 5B are views illustrating shapes in
plane of patterned spacers of an LCD device according to an
embodiment of the present invention, and FIG. 6 is a view
illustrating simulation result of a region where light leakage
occurs around the patterned spacer of FIG. 5B.

[0041] Referring to FIGS. 5A and 5B, the patterned spacer
183 of the embodiment may have a column shape, and have a
diamond shape in plane. With respect to the in-plane diamond
shape, for example, the patterned spacer 183 may have a
regular diamond shape shown in FIG. 5A or an inward-curved
diamond shape in FIG. 5B. The inward-curved diamond
shape of the embodiment means that four sides each have an
inward curvature. For the purpose of explanations, the pat-
terned spacer 183 of the regular diamond shape may be
referred to as a first patterned spacer 183a, and the patterned
spacer 183 of the inward-curved diamond shape may be
referred to as a second patterned spacer 1835. Except for
distinguishing the first and second patterned spacers 183a and
1835, they may be commonly referred to as the patterned
spacer.

[0042] When a distance between opposite vertices of the
diamond-shaped patterned spacer 183 is defined as “A” and a
distance between opposite sides of the diamond-shaped pat-
terned spacer 183 is defined as “C”, it is preferred that A is
about 10 to about 15, C is about 6 to about 11, and C is less
than A (i.e., C<A).

[0043] Since the patterned spacer 183 has the diamond
shape, compared to the related art using the circular-shaped
patterned spacer, a width of a black matrix can be optimized
to block light leakage region and the black matrix can be
stably formed as designed.

[0044] Referring to FIG. 6, when the patterned spacer 183
has the inward-curved diamond shape as shown in FIG. 5B,
due to the inward-curved diamond shape of the second pat-
terned spacer 1835, light leakage region LOA has a shape
similar to the second patterned spacer 1835 and has an area
greater than that of the second patterned spacer 1835.

[0045] A difference between the light leakage region LOA
and the second patterned spacer 1835 is that the second pat-
terned spacer is sharp around the vertices thereof while the
light leakage region is like round around the vertices thereof.
[0046] This light leakage region LOA around the second
patterned spacer 1835 has the shape that can make a black
matrix patterned as designed with a width of a normal black
matrix without extension of width. Accordingly, problems,
such as increase of width of black matrix and a black matrix
being not patterned as designed, is not caused. Accordingly,
aperture ratio can be improved.

[0047] FIG. 7 is a plan view illustrating an LCD device
including a patterned spacer according to the embodiment of
the present invention.

[0048] Referringto FIG. 7, the LCD device 135 includes an
array substrate including a thin film transistor Tr and a pixel
electrode 167 on a substrate 140, a color filter substrate
including red (R), green (G) and blue (B) color filter patterns
and a patterned spacer 183, and a liquid crystal layer between
the array substrate and the color filter substrate.

[0049] The array substrate includes gate and data lines 143
and 155 to define a pixel region P. In the pixel region P, the thin
film transistor Tr connected to the gate and data lines 143 and
155 is formed. The thin film transistor Tr includes a gate
electrode 145 connected to the gate line 143, a source elec-
trode 158 connected to the data line 155, a drain electrode 160
spaced apart from the source electrode 158, and a gate insu-
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lating layer and a semiconductor layer sequentially located
between the gate electrode 143 and the source and drain
electrodes 158 and 160.

[0050] The pixel electrode 167 made of a transparent con-
ductive material is formed in the pixel region P and connected
to the drain electrode 160 of the thin film transistor Tt.
[0051] Thecolor filter substrate includes a black matrix 175
corresponding to the thin film transistor Tr and a boundary of
the pixel region P, and a color filter layer including the red (R),
green (G) and blue (B) color filter patterns corresponding to
the respective pixel regions P.

[0052] Further, the color filter substrate includes a common
electrode covering the color filter layer and made of a trans-
parent conductive material, and the patterned spacer 183 that
corresponds to a crossing portion of the gate and data lines
143 and 155, has a diamond shape in plane, and has a colum-
nar shape in three dimensions.

[0053] Four vertices of the patterned spacer 183 are on a
first direction (i.e., an extension direction of the gate line 143)
and a second direction (i.e., an extension direction of the data
line 155).

[0054] According to this configuration of the patterned
spacer 183, a portion, which is blocked by the black matrix
175 corresponding to the gate and data lines 143 and 155, of
light leakage region LOA around the patterned spacer 183
substantially increases.

[0055] Since the light leakage around the patterned spacer
(83 of FIG. 2) in the related art has a circular shape in plane,
a black matrix around this patterned spacer should be pat-
terned to have a circular shape. However, in this patterning
process, due to light diffraction, circular-shape pattern is
almost impossible. This causes increase of width of black
matrix.

[0056] However, according to the embodiment, the pat-
terned spacer 183 has the regular or inward-curved diamond
shape. Further, the patterned spacer 183 is positioned such
that it corresponds to the crossing portion of the gate and data
lines 143 and 155 and vertices in plane thereof are on the first
and second directions. Accordingly, the light leakage region
LOA can be most efficiently blocked without increase of
width of black matrix.

[0057] In other words, since the patterned spacer 183 is
positioned at the overlapping portion of the gate and data lines
143 and 155 and the vertices thereof are positioned on the gate
and data lines 143 and 155 outside the crossing portion, even
though a distance A between the opposite vertices is greater
than a distance required for a role as a patterned spacer, the
black matrix 175 has a length in a extension direction thereof
much greater than the distance A. Accordingly, even though a
length of the light leakage region A increases due to increase
of the distance A, this does not cause an additional extension
of the black matrix 175.

[0058] Further, the patterned spacer 183 has the distance A
greater than a distance C between opposite sides. Accord-
ingly, when the patterned spacer 183 has an area as required,
by making the distance A between the opposite vertices
greater than the diameter of the related art patterned spacer
and the distance C between the opposite sides less than the
diameter of the related art patterned spacer, the black matrix
175 around the patterned spacer 183 can efficiently prevent
light leakage without increase of width.

[0059] As the distance C decreases (i.e., the opposite sides
get closer to each other), an area of the light leakage region
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LOA exceeding a width of the black matrix 175 correspond-
ing to the gate and data lines 143 and 155 further decreases.
[0060] In the embodiment, the patterned spacer 183 is
formed to have the regular shape or the curved shape. Accord-
ingly, compared to the related art patterned spacer, a distance
between the side of the patterned spacer 183 and a corre-
sponding side surface of the black matrix 175 increases, and
an area of the black matrix 175 to prevent the light leakage
region LOA thus increases. Accordingly, the light leakage
around the patterned spacer 183 can be efficiently blocked
without a partial extension of the black matrix 175.

[0061] Therefore, a partial extension of the black matrix
175 around the spacer 183 is minimized or not needed, and
aperture ratio can thus be improved.

[0062] Further, since the patterned spacer 183 is formed
with the diamond shape, prevented can be a problem in the
related art that due to light diffraction in forming a circular-
shaped black matrix, a black matrix actually formed is very
different other than designed.

[0063] Further, the light leakage is efficiently prevented
and contrast ratio can thus be improved.

[0064] FIG. 8 is a cross-sectional view taken along a line
VII-VIIT of FIG. 7. For the purpose of explanations, a region
where the thin film transistor Tr is formed is referred to as a
switching region TrA.

[0065] The LCD device 135 includes the array substrate,
the color filter substrate, and the liquid crystal layer 190
between the array substrate and the color filter substrate.
[0066] The array substrate includes the gate line 143 along
a first direction and a gate electrode 145 in the switching
region TrA on a first substrate 140. The gate line 143 and the
gate electrode 145 may be formed with a single or multiple-
layered structure using at least one of aluminum (Al), alumi-
num alloy (e.g., AINd), copper (Cu), copper alloy, molybde-
num (Mo), molybdenum-titanium (MoT1).

[0067] A gateinsulating layer 147 is formed on the gate line
143 and the gate electrode 145 and may be made of an inor-
ganic insulating material, for example, silicon oxide (SiO,) or
silicon nitride (SiNx).

[0068] A dataline155isformed onthe gate insulating layer
147 crossing the gate line 143 to define a pixel region P. The
data line 155 may be formed with a single or multiple-layered
structure using at least one of aluminum (Al), aluminum alloy
(e.g., AINd), copper (Cu), copper alloy, molybdenum (Mo),
molybdenum-titanium (MoTi).

[0069] In the switching region TrA, a semiconductor layer
151 is formed on the gate insulating layer 147 and includes an
active layer 151a made of intrinsic amorphous silicon and an
ohmic contact layer 1515 made of impurity-doped amor-
phous silicon. Source and drain electrodes 158 and 160
spaced apart from each other are formed on the semiconduc-
tor layer 151 and are made of the same material as the data line
155. The source electrode 158 is connected to the data line
155.

[0070] The gate electrode 145, the gate insulating layer
147, the semiconductor layer 151 and the source and drain
electrodes 158 and 160 in the switching region TrA form a
thin film transistor Tr.

[0071] A passivation layer 162 is formed on the data line
155 and the source and drain electrodes 158 and 160, and may
be made of an inorganic insulating material, for example,
silicon oxide (Si0,) or silicon nitride (SiNx). The passivation
layer 162 includes a drain contact hole 164 exposing the drain
electrode 160.
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[0072] A pixel electrode 167 is formed on the passivation
layer 162 in the pixel region P and connected to the drain
electrode 160 through the drain contact hole 164.

[0073] Thecolor filter substrate includes a black matrix 175
of a lattice shape on a second substrate 170 that has an open-
ing corresponding to the pixel region P. The black matrix 175
corresponds to the gate and data lines 143 and 155 and the
switching region TrA.

[0074] A color filter layer 176 filling the opening of the
black matrix 175 and overlapping the black matrix 175 is
formed. The color filter layer 176 includes red (R), green (G)
and blue (B) color filter patterns corresponding to the respec-
tive pixel regions P.

[0075] A common electrode 179 is formed on the color
filter layer 176 and is made of a transparent conductive mate-
rial, for example, indium-tin-oxide (ITO) or indium-zinc-
oxide (1ZO).

[0076] An overcoat layer may be formed between the color
filter layer 176 and the common electrode 179 to planarize the
color filter substrate.

[0077] In the embodiment, the LCD device 135 including
the pixel and common electrodes 167 and 179 on the different
substrates is explained. Alternatively, bar-shaped pixel and
common electrodes alternate in each pixel region on the same
substrate i.e., the array substrate. In this case, a common line
may be formed that is connected to the common electrodes
and is parallel with and at the same layer as the gate line 143.
Further, in the alternative embodiment, the color filter sub-
strate does not need the common electrode 179 and needs an
overcoat layer on the color filter layer 176.

[0078] A patterned spacer 183 is on the common electrode
179 corresponding to a crossing portion of the gate and data
lines 143 and 155. The patterned spacer 183 has a regular or
inward-curved diamond shape in plane, as shown in FIG. 5A
or 5B. In the alternative embodiment, the patterned spacer
183 is on the overcoat layer.

[0079] The patterned spacer 183 completely overlaps the
black matrix 175. To prevent light leakage around the pat-
terned spacer 183, a distance between a side of the patterned
spacer 183 and a corresponding side of the black matrix 175
is at least about 5 pm.

[0080] In this case, a distance (A of FIG. 7) between the
opposite vertices of the patterned spacer 183 is about 10 um to
about 15 um, and a distance (C of FIG. 7) between the oppo-
site sides of the patterned spacer 183 is about 6 umto about 11
um. The distance A is greater than the distance C.

[0081] As described above, the patterned spacer has the
diamond shape in plane and can thus be formed as designed.
[0082] Further, since the patterned spacer corresponds to
the crossing portion of the gate and data lines and the vertices
are positioned on the gate and data lines, the black matrix
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corresponding to the patterned spacer does not have a width-
increased portion or has a width-increases portion mini-
mized. Accordingly, aperture ratio can be improved.

[0083] Further, the light leakage region is efficiently
blocked, and contrast ratio can thus be improved.

[0084] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

an array substrate that includes gate and data lines crossing

each other to define a pixel region, and a thin film tran-
sistor and a pixel electrode in the pixel region;

an opposing substrate that faces the array substrate and

includes a black matrix corresponding to a boundary of
the pixel region, and a color filter layer filling a region
surrounded by the black matrix;

a patterned spacer on the black matrix and having a dia-

mond shape in plane; and

a liquid crystal layer between the array substrate and the

opposing substrate,

wherein the patterned spacer corresponds to a crossing

portion of the gate and data lines, and vertices of the
diamond shape of the patterned spacer are on the gate
and data lines.

2. The device according to claim 1, wherein the patterned
spacer has an inward-curved diamond shape in plane, four
sides of which each have an inward curvature.

3. The device according to claim 1 wherein a distance
between opposite vertices of the diamond shape is about 10
um to 15 pm, a distance between opposite sides of the dia-
mond shape is about 6 pm to about 11 um, and the distance
between the opposite vertices is greater than the distance
between the opposite sides.

4. The device according to claim 1, wherein a distance
between a side of the diamond shape and a corresponding side
surface of the black matrix is about 5 um or more.

5. The device according to claim 1, wherein the color filter
substrate further includes a common electrode on the color
filter layer, and wherein the patterned spacer is on the com-
mon electrode.

6. The device according to claim 1, wherein the array
substrate further includes a common line that is parallel with
and formed at the same layer as the gate line, and a common
electrode that alternates with the pixel electrode in the pixel
region and is connected to the common line.
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