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(7) ABSTRACT

Examples of liquid crystal display devices are described
herein. In an example, a liquid crystal display device com-
prises a first substrate, a second substrate, and a liquid
crystal layer therebetween. The second substrate comprises
a plurality of source lines, a plurality of gate lines crossing
the plurality of source lines, and a plurality of pixels in a
matrix arrangement. A pixel from the plurality of pixels
being defined by two adjacent source lines and two adjacent
gate lines. A pixel electrode formed in the pixel comprises
a plurality of slits. The plurality of slits includes a first set of
slit segments extending in a first direction, and a second set
of slit segments extending in a second direction. Further, a
first light blocking member extends along a common bound-
ary area of the first set of slit segments and the second set of
slit segments.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present subject matter relates to liquid crystal
display devices.

BACKGROUND

[0002] Liquid crystal display (LCD) devices are com-
monly used as display devices, owing to their low power
consumption and high-quality images. LCD devices are
used in a variety of electronic devices, such as televisions,
laptops, monitors for desktops, tablets, smartphones, per-
sonal digital assistants, and cameras.

[0003] An LCD device includes a layer with liquid crystal
molecules. Displaying of content from the LCD device is
controlled by controlling the orientation of the long axes of
the liquid crystal molecules using an electric field. The
orientation of the long axes of the liquid crystal molecules
controls the transmittance of light through the layer of liquid
crystal molecules.

SUMMARY

[0004] According to an example implementation of the
present subject matter, a liquid crystal display device com-
prises a first substrate including a black matrix, a second
substrate opposite to the first substrate, and a liquid crystal
layer between the first substrate and the second substrate.
The second substrate comprises a plurality of source lines,
a plurality of gate lines crossing the plurality of source lines
and a plurality of pixels in a matrix arrangement. A pixel
from the plurality of pixels is defined by two adjacent source
lines from the plurality of source lines and two adjacent gate
lines from the plurality of gate lines. A pixel electrode
formed in the pixel comprises a plurality of slits. The
plurality of slits includes a first set of slit segments extending
in a first direction, and a second set of slit segments
extending in a second direction. The second substrate also
comprises a first light blocking member for blocking light
through the pixel. The first light blocking member extends
along a common boundary area of the first set of slit
segments and the second set of slit segments.

[0005] In an example implementation, the plurality of slits
further includes a third set of slit segments extending in a
third direction and a fourth set of slit segments extending in
a fourth direction. The third set of slit segments and the
fourth set of slit segments are formed in the common
boundary area. The first set of slit segments and the second
set of slit segments are connected through the third set of slit
segments and the fourth set of slit segments. Further, in an
example implementation, the first light blocking member
entirely overlaps the third set of slit segments and the fourth
set of slit segments in plan view.

[0006] Inanexample implementation, the first light block-
ing member is made of a metal.

[0007] In an example implementation, the second sub-
strate further comprises a common electrode opposite to the
pixel electrode, and a plurality of common metal lines
electrically connecting to the common electrode. The first
light blocking member is a part of the plurality of common
metal lines.

[0008] In an example implementation, the plurality of
source lines and the first light blocking member are formed
in a same layer. In an example implementation, the first light
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blocking member is connected with one of the two adjacent
source lines and is electrically isolated from the other of the
two adjacent source lines. In an example implementation,
the first light blocking member is electrically isolated from
the two adjacent source lines.

[0009] In an example implementation, the second sub-
strate comprises a second light blocking member for block-
ing light through the pixel. The second light blocking
member overlaps edge portions of the plurality of slits, and
is made of a metal. In an example implementation, the edge
portions of the plurality of slits extend in a fifth direction
different from the first direction and the second direction.

[0010] In an example implementation, the second sub-
strate comprises a common electrode opposite to the pixel
electrode, and a plurality of common metal lines electrically
connecting to the common electrode. The plurality of com-
mon metal lines and the second light blocking member are
formed in a same layer.

[0011] In an example implementation, the plurality of
source lines and the second light blocking member are
formed in a same layer.

[0012] In anexample implementation, the plurality of gate
lines is integrated with the second light blocking member. In
an example implementation, at least a part of the second
light blocking member is exposed from the black matrix in
plan view.

[0013] In another example implementation of the present
subject matter, a liquid crystal display device comprises a
first substrate including a black matrix, a second substrate
opposite to the first substrate, and a liquid crystal layer
between the first substrate and the second substrate. The
second substrate comprises a plurality of source lines, a
plurality of gate lines crossing the plurality of source lines,
and a plurality of pixels in a matrix arrangement. A pixel
from the plurality of pixels is defined by two adjacent source
lines from the plurality of source lines and two adjacent gate
lines from the plurality of gate lines. A pixel electrode
formed in the pixel comprises a plurality of slits. The second
substrate also comprises a slit-edge light blocking member
overlapping an edge portion of each of the plurality of slits
in plan view. The slit-edge light blocking member is made
of a metal. In an example implementation, each of the
plurality of slits includes a main portion, the main portion
continuously connecting with the edge portion. The main
portion extends in a direction different from an extending
direction of the edge portion in each of the plurality of slits.

[0014] In an example implementation, the second sub-
strate comprises a common electrode opposite to the pixel
electrode, and a plurality of common metal lines electrically
connecting to the common electrode. The plurality of com-
mon metal lines and the slit-edge light blocking member are
formed in a same layer.

[0015] In an example implementation, the plurality of
source lines and the slit-edge light blocking member are
formed in a same layer.

[0016] In an example implementation, the plurality of gate
lines and the slit-edge light blocking member are formed in
a same layer, with the slit-edge light blocking member being
integrated with one of the plurality of gate lines. In an
example implementation, at least a part of the slit-edge light
blocking member is exposed from the black matrix in plan
view.
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BRIEF DESCRIPTION OF FIGURES

[0017] The following detailed description references the
drawings, wherein:

[0018] FIG. 1 schematically illustrates a plan view of a
liquid crystal display (LCD) device, according to an
example implementation of the present subject matter;
[0019] FIG. 2A schematically illustrates a plan view of an
example pixel of the LCD device;

[0020] FIG. 2B schematically illustrates a cross-sectional
view along line III-III of FIG. 24,

[0021] FIG. 3 schematically illustrates a plan view of an
example pixel of the LCD device;

[0022] FIG. 4 schematically illustrates a plan view of a
pixel of the LCD device with a first light blocking member,
according to an example implementation of the present
subject matter;

[0023] FIG. 5 schematically illustrates a plan view of the
pixel of the LCD device with the first light blocking member
as a part of a plurality of common metal lines, according to
an example implementation of the present subject matter;
[0024] FIG. 6 schematically illustrates a cross-sectional
view along line IV-IV of FIG. 5, according to an example
implementation of the present subject matter;

[0025] FIG. 7 schematically illustrates a plan view of the
pixel of the LCD device with the first light blocking member
and a plurality of source lines in a same layer, according to
an example implementation of the present subject matter;
[0026] FIG. 8 schematically illustrates a cross-sectional
view along line V-V of FIG. 7, according to an example
implementation of the present subject matter;

[0027] FIG. 9 schematically illustrates a plan view of the
pixel of the LCD device with the first light blocking member
and a plurality of source lines in a same layer, according to
an example implementation of the present subject matter;
[0028] FIG. 10 schematically illustrates a cross-sectional
view along line VI-VI of FIG. 9, according to an example
implementation of the present subject matter;

[0029] FIG. 11 schematically illustrates a plan view of a
pixel of the LCD device with a first light blocking member
and a second light blocking member, according to an
example implementation of the present subject matter;
[0030] FIG. 12 schematically illustrates a plan view of the
pixel of the LCD device with the second light blocking
member and a plurality of source lines in a same layer,
according to an example implementation of the present
subject matter;

[0031] FIG. 13 schematically illustrates a plan view of the
pixel of the LCD device with the second light blocking
member integrated with a gate line, according to an example
implementation of the present subject matter;

[0032] FIG. 14 schematically illustrates a plan view of a
pixel of the LCD device with a slit-edge light blocking
member, according to an example implementation of the
present subject matter;

[0033] FIG. 15 schematically illustrates a plan view of the
pixel of the LCD device with the slit-edge light blocking
member and a plurality of source lines in a same layer,
according to an example implementation of the present
subject matter; and

[0034] FIG. 16 schematically illustrates a plan view of the
pixel of the LCD device with the slit-edge light blocking
member integrated with a plurality of gate lines, according
to an example implementation of the present subject matter.
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DETAILED DESCRIPTION

[0035] An LCD device, typically, includes a liquid crystal
layer disposed between a pair of substrates. The LCD
device, apart from other elements, also includes a plurality
of source lines and a plurality of gate lines. The gate lines
cross the source lines in the form of a matrix or a grid-like
arrangement. That is, in an example, the source lines may be
arranged column-wise, and the gate lines, crossing the
source lines, may be arranged row-wise. Two adjacent
source lines and two adjacent gate lines, crossing said
adjacent source lines, define a pixel of the LCD device. The
LCD device also includes a black matrix overlapping at least
the source lines and the gate lines to provide a light shielding
effect from a viewing side of the LCD device. An aperture
region between two adjacent rows and two adjacent columns
of the black matrix may determine an aperture ratio of each
pixel of the LCD device.

[0036] Each pixel of the LCD device includes a pixel
electrode. The pixel electrode of the pixel spans a substantial
area of the liquid crystal layer associated with the pixel.
When a voltage is applied to the pixel, an electric field is
generated to alter the orientation of the long axes of the
liquid crystal molecules of the associated liquid crystal
layer. The electric field alters the orientation in a way such
that the long axes of the liquid crystal molecules are sub-
stantially parallel to the substrates, between which the liquid
crystal layer is disposed. The alteration of the orientation of
the liquid crystal molecules allows the light from a back-
light, to transmit through the liquid crystal layer, and thus
display content from the pixel. LCD devices in which
display is produced by controlling the orientation of liquid
crystal molecules substantially parallel to the substrates are
referred to as In-plane Switching (IPS) type LCD devices.
[0037] The pixel electrode of a pixel, typically, includes a
plurality of slits of predefined width. The slits enable for-
mation of a plurality of long and narrow electrodes within
the pixel electrode. In an example, the slits may be formed
in the pixel electrode such that one set of slit segments
extends in a first direction and another set of slit segments
extends in a second direction. A common boundary area of
the two sets of slit segments in the pixel electrode may be
substantially in the middle of the long and narrow elec-
trodes. Further, in said example of slits, edge portions of the
slits may be bent and extended in another direction different
from the first direction and the second direction. In another
example, the slits may be formed in the pixel electrode such
that a main, central portion of each of the slits extends in one
direction, and edge portions of each of the slits are bent and
extended in another direction different from the direction of
extension of the main portion.

[0038] The transmittance of light from a region of com-
mon boundary area of the two sets of slit segments in the
pixel electrode, and from a region of the pixel at the edge
portions of slits in the pixel electrode is low and non-
uniform with respect to that from the other regions of the
pixel. Low and non-uniform transmittance of light from
such regions creates grey zones and shadows in the display
from the pixel. Thus, such non-uniform transmittance char-
acteristics of the pixel leads to a poor contrast of display
from the pixel, thereby affecting the quality of display from
the LCD device.

[0039] According to example implementations of the pres-
ent subject matter, LCD devices are described, in which light
blocking members are disposed to overlap regions of pixels
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at the common boundary area of the two sets of slit segments
in the pixel electrode and/or overlap regions of pixels at edge
portions of slits in pixel electrodes, depending on the con-
figuration of the pixel electrodes for the pixels. The light
blocking members, blocking light through the pixels and
particularly through such regions of pixels, facilitate in
increasing the contrast of the display from the pixels and
improving the quality of display from the LCD device.
[0040] An LCD device of the present subject matter
includes a first substrate, a second substrate opposite to the
first substrate, and a liquid crystal layer between the first
substrate and the second substrate. The second substrate
includes a plurality of source lines and a plurality of gate
lines crossing the plurality of source lines. The second
substrate also includes a plurality of pixels in a matrix
arrangement. A pixel of the plurality of pixels is defined by
two adjacent source lines from the plurality of source lines
and two adjacent gate lines from the plurality of gate lines.
The pixel includes a pixel electrode with a plurality of slits.
Further, the first substrate includes a black matrix. The black
matrix overlaps at least the plurality of source lines and the
plurality of gate lines of the second substrate in plan view.
[0041] In an example implementation of the present sub-
ject matter, the plurality of slits of the pixel electrode
includes a first set of slit segments extending in a first
direction, and a second set of slit segments extending in a
second direction. The second direction is different from the
first direction.

[0042] In an example implementation of the present sub-
ject matter, the second substrate includes a first light block-
ing member for blocking light through the pixel, where the
first light blocking member extends along a common bound-
ary area of the first set of slit segments and the second set of
slit segments. The first light blocking member, also be
referred to as an intermediate light blocking member, is
made of a metal or a semiconductor.

[0043] In another example implementation of the present
subject matter, the second substrate includes a second light
blocking member for blocking light through the pixel, where
the second light blocking member overlaps edge portions of
the plurality of slits in plan view of the pixel. In an example
implementation, the edge portions of the plurality of slits of
the pixel electrode may extend in another direction, which is
different from the first direction and the second direction.
The second light blocking member is made of a metal. The
metal may include, but is not restricted to, aluminum,
molybdenum, titanium, copper. The second light blocking
member may also be referred to as a slit-edge light blocking
member.

[0044] In a yet another example implementation of the
present subject matter, the second substrate includes both the
first light blocking member extending along the common
boundary area of the first set of slit segments and the second
set of slit segments and the second light blocking member
overlapping the edge portions of the plurality of slits. The
first light blocking member is made of a metal or a semi-
conductor, and the second light blocking member is made of
a metal.

[0045] In an example implementation of the present sub-
ject matter, each of the plurality of slits of the pixel electrode
includes a main portion continuously connecting with an
edge portion of the slit, where the main portion extends in
a direction different from an extending direction of the edge
portion in each of the slits. The second substrate includes a
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slit-edge light blocking member overlapping the edge por-
tion of each of the plurality of slits in plan view of the pixel.
The slit-edge light blocking member is made of a metal. The
metal may include, but is not restricted to, aluminum,
molybdenum, titanium, copper.

[0046] The above described LCD devices are further
described with reference to FIGS. 1-16. It should be noted
that the description and figures merely illustrate the prin-
ciples of the present subject matter along with examples
described herein and, should not be construed as a limitation
to the present subject matter. It is thus noted that various
arrangements may be devised that, although not explicitly
described or shown herein, describe the principles of the
present subject matter. Moreover, all statements herein recit-
ing principles, aspects, and examples of the present subject
matter, as well as specific examples thereof, are intended to
encompass equivalents thereof.

[0047] 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. The terms “first” and
“second” are for differentiating one element from the other
element, and these elements should not be limited by these
terms. Although the terms “first”, “second”, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, a first element, component, region,
layer or section discussed herein could be termed a second
element, component, region, layer or section without depart-
ing from the teachings of the present subject matter.
[0048] It should be further understood that the terms
“comprises”, “comprising,”, “has”, “having”, “includes”
and/or “including”, when used herein, specify the presence
of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0049] It will be also understood that when an element or
layer is referred to as being “on”, “connected to” or “coupled
to” another element or layer, it can be directly on, connected
or coupled to the other element or layer or intervening
elements or layers may be present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0050] Also, spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the elements in use or operation in addition
to the orientation depicted in the figures.

[0051] FIG. 1 schematically illustrates a plan view of a
liquid crystal display (LCD) device 100, according to an
example implementation of the present subject matter. The
LCD device 100 includes a display panel 102 having a
plurality of pixels 104-1, 104-2, . . ., 104-N arranged in a
matrix arrangement. The pixels collectively and individually
are referenced as 104. The display panel 102 includes a first
substrate (not shown in FIG. 1), a second substrate (not
shown in FIG. 1) opposite to the first substrate, and a liquid
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crystal layer (not shown in FIG. 1) between the first sub-
strate and the second substrate, forming the pixels 104. The
first substrate is towards a viewing side of the display panel
102, and the second substrate is towards a back side of the
display panel 102. The liquid crystal layer includes liquid
crystal molecules.

[0052] The display panel 102 also includes a plurality of
source lines 106-1, 106-2, . . ., 106-P, and a plurality of gate
lines 108-1, 108-2, . . ., 108-Q. The source lines and the gate
lines, collectively and individually referenced as 106 and
108, respectively, are in the second substrate of the display
panel 102. The source lines and the gate lines may be made
of aluminum, copper, molybdenum, titanium, a stacked
layer of aluminum, copper, molybdenum and titanium, an
alloy of tungsten or magnesium with aluminum, copper,
molybdenum, and/or titanium, or a stacked layer of a
combination of above.

[0053] Two adjacent source lines 106-1 and 106-2 and two
adjacent gate lines 108-1 and 108-2 define a pixel 104-1 of
the display panel 102. Each pixel 104 includes a pixel
electrode 110 and a thin film transistor (TFT) 112. The pixel
electrode 110 is made of a transparent material, for example,
an indium-tin oxide. One of the two adjacent source lines
that bound the pixel 104 is coupled to a drain electrode of the
TFT 112 of the pixel 104. One of the two adjacent gate lines
that bound the pixel 104 is coupled to a gate electrode of the
TFT 112 of the pixel 104. A source electrode of the TFT 112
is coupled to the pixel electrode 110.

[0054] The second substrate of the display panel 102
includes a common electrode (not shown in FIG. 1) opposite
to the pixel electrode 110 of each pixel 104, and a plurality
of common metal lines electrically connected to the com-
mon electrode. The common electrode is made of a trans-
parent material, such as indium-tin oxide, indium-zinc
oxide. The common metal lines are made of aluminum,
copper, molybdenum, titanium, a stacked layer of alumi-
num, copper, molybdenum and titanium, an alloy of tung-
sten or magnesium with aluminum, copper, molybdenum,
and/or titanium, or a stacked layer of a combination of the
above.

[0055] The first substrate includes a black matrix (not
shown in FIG. 1), which covers the source lines 106, the gate
lines 108, and the TFTs 112 to provide a light shielding
effect from the viewing side of the display panel 102. The
black matrix also prevents mixing of colors displayed by
adjacent pixels. The black matrix is made of a resin material
or a metallic material having black pigments. The black
matrix determines an aperture region for each pixel 104,
which defines an aperture ratio of the each pixel 104.
[0056] The LCD device 100 also includes a source driver
114 electrically connected to the source lines 106, a gate
driver 116 electrically connected to the gate lines 108, and
a common electrode driver (not shown in FIG. 1) electrically
connected to the common metal lines. The source driver 114
supplies a data voltage to the drain electrodes of the TFTs
112 of the pixels 104 through the source lines 106, the gate
driver 116 supplies a gate voltage to the gate electrodes of
the TFTs 112 of the pixels 104 through the gate lines 108,
and the common electrode driver supplies a common voltage
to the common electrode through the common metal lines.
The TFT 112 of a pixel 104 may be turned ON or OFF to
feed the data voltage to the pixel electrode 110 of the pixel
104. The data voltage at the pixel electrode 110 of a pixel
104 with respect to the common voltage at the common
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electrode generates an electric field, which alters the orien-
tation of the long axes of the liquid crystal molecules in the
liquid crystal layer to produce an image.

[0057] FIG. 2A schematically illustrates a plan view of an
example pixel 204 of the LCD device 100. The pixel 204
may be any of the pixels 104 of the display panel 102 of the
LCD device 100. The pixel 204 is bounded by two source
lines 206-1 and 206-2, and two gate lines 208-1 and 208-2.
The pixel 204 includes a pixel electrode 210 and a TFT 212.
As shown, the source lines 206-1 and 206-2, the gate lines
208-1 and 208-2, and the TFT 212 are covered by a black
matrix 218. The black matrix 218 (shown with dotted lines)
determines an aperture region 220 which defines the aper-
ture ratio of the pixel 204.

[0058] As shown, the pixel electrode 210 includes a plu-
rality of slits 214 (hereinafter “slits 214”). The slits 214 are
of a predefined width, which as a result form a plurality of
long and narrow electrodes 216 in the pixel electrode 210.
The slits 214, as shown, include a first set of slit segments
214-A extending in a first direction and a second set of slit
segments 214-B extending in a second direction. The first
direction and the second direction, herein, are referenced by
arrows R1 and R2, respectively. A common boundary area
222 of the two sets of slit segments 214-A and 214-B in the
pixel electrode 210 may be substantially in the middle of the
long and narrow electrodes 216. Further, the slits 214, as
shown, include a third set of slit segments 214-C extending
in a third direction and a fourth set of slit segments 214-D
extending in a fourth direction. The third direction and the
fourth direction, herein, are referenced by arrows S1 and S2,
respectively. The first set of slit segments and the second set
of slit segments are connected through the third set of slit
segments and the fourth set of slit segments, as shown.
[0059] Further, edge portions of the slits 214 extend in a
direction different from the first direction and the second
direction. As shown in FIG. 2A, the edge portions 224-A on
one side of the slits 214 extend in a fifth direction, referenced
by arrow T1, which is different from the first direction and
the second direction. Similarly, as shown in FIG. 2A, the
edge portions 224-B on the other side of the slits 214 extend
in a sixth direction, referenced by arrow T2, which is
different from the first direction and the second direction.
[0060] FIG. 2B schematically illustrates a cross-sectional
view along line 1II-1II of FIG. 2A. FIG. 2B shows a liquid
crystal layer 226 between an upper substrate 228 and a lower
substrate 230. The upper substrate 228 and the lower sub-
strate 230 are made of a transparent material, such as glass
or a transparent plastic. The liquid crystal layer 226 includes
liquid crystal molecules 232. A first polarizer 234 is disposed
on an outer surface of the upper substrate 228, and a second
polarizer 236 is disposed on an outer surface of the lower
substrate 230, as shown in FIG. 2B. The first polarizer 234
and the second polarizer 236 are disposed such that their
polarization axes are perpendicular to each other.

[0061] Further, a first alignment layer 238 and a second
alignment layer 240 are disposed on both sides of the liquid
crystal layer 226. The first alignment layer 238 and the
second alignment layer 240 are for fixing the alignment of
the liquid crystal molecules 232 in the liquid crystal layer
226. The first and second alignment layers 238 and 240 may
be made of a polyamide.

[0062] Further, as shown in FIG. 2B, a color filter 242 is
formed on the upper substrate 228. The color filter includes
pigments of red, green, or blue color, depending on the
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colored light required from the pixel 204. An overcoat layer
244 is coated on the color filter 242. The overcoat layer 244
prevents pigments from releasing out to the liquid crystal
layer 226.

[0063] Further, a gate insulating layer 246 is formed on an
inner surface of the lower substrate 230. The gate insulating
layer 246 cover the gate lines 208-1 and 208-2 (shown in
FIG. 1). The gate insulating layer 246 may be formed of
silicon nitride (SiN), silicon dioxide (SiO,), or alumina. As
shown in FIG. 2B, source lines 206-1 and 206-2 are on the
gate insulating layer 246. A protective insulating layer 248
is formed to cover the source lines 206-1 and 206-2. The
protective insulating layer 248 may be formed of silicon
nitride (SiN) or silicon dioxide (Si0,). Further, an organic
protective insulating layer 250 is formed on the protective
insulating layer 248. The organic protective insulating layer
250 is a photosensitive resist and is made of an acrylic
material.

[0064] Further, as shown in FIG. 2B, a common electrode
252 is formed on the organic protective insulating layer 250.
The common electrode 252 is made of a transparent mate-
rial, such as indium-tin oxide, indium-zinc oxide. An upper
portion insulating layer 254 is formed on the common
electrode 252. The upper portion insulating layer 254 is
made of silicon nitride (SiN) or silicon dioxide (SiO,).
[0065] Further, as shown, the pixel electrode 210 is
formed on the upper portion insulating layer 254. The long
and narrow electrodes 216 of the pixel electrode 210 are
visible in the cross-sectional view in FIG. 2B. Further, the
black matrix 218 is formed on an inner side of the upper
substrate 228. The black matrix 218 prevents mixing of
colors displayed by pixels adjacent to the pixel 204.
[0066] It may be noted that the upper substrate 228, the
color filter 242, the black matrix 218, and other components
or layers formed on the upper substrate 228 may constitute
the first substrate of the display panel 102 of the LCD device
100. Similarly, it may be noted that the lower substrate 230,
the gate lines, the gate insulating layer 246, the source lines,
the common electrode 252, and other components or layers
formed on the lower substrate 230 may constitute the second
substrate of the display panel 102 of the LCD device 100.
[0067] FIG. 3 schematically illustrates a plan view of an
example pixel 304 of the LCD device 100. The pixel 304
may be any of the pixels 104 of the display panel 102 of the
LCD device 100. The pixel 304 is bounded by two source
lines 306-1 and 306-2, and two gate lines 308-1 and 308-2.
The pixel 304 includes a pixel electrode 310 and a TFT 312.
As shown, the source lines 306-1 and 306-2, the gate lines
308-1 and 308-2, and the TFT 312 are covered by a black
matrix 318. The black matrix 318 (shown with dotted lines)
determines an aperture region 320 which determines the
aperture ratio of the pixel 304.

[0068] As shown, the pixel electrode 310 includes a plu-
rality of slits 314 (hereinafter “slits 314”). The slits 314 are
of a predefined width, which as a result form a plurality of
long and narrow electrodes 316 in the pixel electrode 310.
As shown, each of the slits 314 includes a main portion 322
and edge portions 324-A and 324-B. The main portion 322
extends in a direction different from an extending direction
of the edge portions 324-A and 324-B. As shown, the main
portion 322 of each of the slits 314 extends in a seventh
direction, referenced by an arrow R3. The edge portion
324-A on one side of each of the slits 314 extend in a eighth
direction, referenced by arrow T3, which is different from
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the seventh direction. Similarly, the edge portion 324-B on
the other side of each of the slits 314 extends in a ninth
direction, referenced by arrow T4, which is different from
the seventh direction. It may be noted that the cross-section
view of the pixel 304 may be similar to the cross-sectional
view of the pixel 204 shown in FIG. 2B.

[0069] FIG. 4 schematically illustrates a plan view of the
pixel 204 of the LCD device 100 with a first light blocking
member 424, according to an example implementation of
the present subject matter. The pixel 204 may be any of the
pixels 104 of the display panel 102 of the LCD device 100.
[0070] As shown in FIG. 4, the first light blocking member
424 extends along a common boundary area 222 of the first
set of slit segments 214-A and the second set of slit segments
214-B. In an example implementation, the first light block-
ing member 424 entirely overlaps the third set of slit
segments 214-C and the fourth set of slit segments 214-D of
the slits 214 in plan view. The first light blocking member
424 is made of a material such that light through a region of
the common boundary area 222 of the first and the second
sets of slit segments in the pixel 204, which otherwise is
transmitted, is blocked by the first light blocking member
424. The first light blocking member 424 may also be
referred to as an intermediate light blocking member. It may
be noted that the black matrix 218 overlaps the edge portions
224-A and 224-B of the slits 214, as shown in FIG. 4.
[0071] Inanexample implementation, the first light block-
ing member 424 may have a width W1 in a range of about
10 pm to about 30 pm. In an example implementation, the
first light blocking member 424 may be made of a metal. The
metal may include, but is not restricted to, aluminum (Al),
copper (Cu), molybdenum (Mo), titanium (Ti), or an alloy of
tungsten (W) or magnesium (Mg) with aluminum (Al),
copper (Cu), molybdenum (Mo), and/or titanium (Ti). The
first light blocking member 424 may also be formed of a
stacked layer of aluminum (Al), copper (Cu), molybdenum
(Mo), titanium (T1), or an alloy of tungsten (W) or magne-
sium (Mg) with aluminum (Al), copper (Cu), molybdenum
(Mo), and/or titanium (T1), or a stacked layer of a combi-
nation of the above.

[0072] Inanexample implementation, the first light block-
ing member 424 and the plurality of common metal lines are
formed in a same layer and are made of the same metal. In
an example implementation, the first light blocking member
424 is a part of the plurality of common metal lines, as
shown in FIG. 5 which schematically illustrates a plan view
of the pixel 204 of the LCD device 100. In said example
implementation, the first light blocking member 424 is one
of the plurality of common metal lines electrically coupled
to the common electrode driver in the LCD device 100. FIG.
6 schematically illustrates a cross-sectional view along line
IV-IV of FIG. 5, according to an example implementation of
the present subject matter. As shown in FIG. 6, the first light
blocking member 424 is disposed on, and is electrically
connected to, the common electrode 252 of the LCD device
100.

[0073] Inanexample implementation, the first light block-
ing member 424 and the plurality of source lines are formed
in a same layer. The first light blocking member 424 and the
plurality of source lines may be made of the same metal. In
an example implementation, the first light blocking member
424 is electrically connected to one of the two adjacent
source lines bounding the pixel 204 and is electrically
isolated from the other of the two adjacent source lines
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bounding the pixel 204. In another example implementation,
the first light blocking member 424 is electrically isolated
from the two adjacent source lines bounding the pixel 204.
[0074] FIG. 7 schematically illustrates a plan view of the
pixel 204 of the LCD device 100 with the first light blocking
member 424 and the plurality of source lines 206-1 and
206-2 in a same layer, according to an example implemen-
tation of the present subject matter. FIG. 8 schematically
illustrates a cross-sectional view along line V-V of FIG. 7,
according to an example implementation of the present
subject matter. As shown in FIGS. 7 and 8, the first light
blocking member 424 is electrically connected to the source
line 206-1 and is electrically isolated from the source line
206-2.

[0075] FIG. 9 schematically illustrates a plan view of the
pixel 204 of the LCD device 100 with the first light blocking
member 424 and the plurality of source lines 206-1 and
206-2 in a same layer, according to an example implemen-
tation of the present subject matter. FIG. 10 schematically
illustrates a cross-sectional view along line VI-VI of FIG. 9,
according to an example implementation of the present
subject matter. As shown in FIGS. 9 and 10, the first light
blocking member 424 is electrically isolated from both the
source lines 206-1 and 206-2.

[0076] Returning to FIG. 4, in an example implementa-
tion, the first light blocking member 424 may be made of a
semiconductor. The semiconductor may include, but is not
restricted to, an amorphous silicon, an oxide semiconductor
or a low-temperature poly-silicon. In an example, the oxide
semiconductor may be an oxide of indium-gallium-zinc. The
first light blocking member 424, of a semiconductor, and a
semiconductor layer of the TFT 212 of the pixel 204 are
formed in a same layer and are made of the same semicon-
ductor.

[0077] FIG. 11 schematically illustrates a plan view of a
pixel 204 of the LCD device 100 with a first light blocking
member 1124 and a second light blocking member 1126,
according to an example implementation of the present
subject matter. The pixel 204 may be any of the pixel 104 of
the display panel 102 of the LCD device 100.

[0078] As shown in FIG. 11, the first light blocking
member 1124 extends along a common boundary area 222
of the first set of slit segments 214-A and the second set of
slit segments 214-B. In an example implementation, the first
light blocking member 1124 may be made of a metal or a
semiconductor, as described earlier in the description, to
block light through a region of the common boundary area
222 of the first and the second sets of slit segments of the
pixel electrode 210 in the pixel 204. In an example imple-
mentation, the first light blocking member 1124 may have a
width W2 in a range of about 10 um to about 30 pm. The first
light blocking member 1124 may also be referred to as an
intermediate light blocking member.

[0079] Further, as shown in FIG. 11, the second light
blocking member 1126 overlaps the edge portions 224-B of
the slits 214 in the pixel electrode 210. The second light
blocking member 1126 is made of a metal such that light
through a region of the edge portions 224-B of the slits 214
is blocked by the second light blocking member 1126. The
metal may include, but is not restricted to, aluminum (Al),
copper (Cu), molybdenum (Mo), titanium (Ti), or an alloy of
tungsten (W) or magnesium (Mg) with aluminum (Al),
copper (Cu), molybdenum (Mo), and/or titanium (T1). The
second light blocking member 1126 may also be formed of
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a stacked layer of aluminum (Al), copper (Cu), molybdenum
(Mo), titanium (T1), or an alloy of tungsten (W) or magne-
sium (Mg) with aluminum (Al), copper (Cu), molybdenum
(Mo), and/or titanium (Ti), or a stacked layer of a combi-
nation of the above. In an example implementation, the
second light blocking member 1126 may have a width W3
in a range of about 1 um to about 10 um. The second light
blocking member 1126 may also be referred to as a slit-edge
light blocking member.

[0080] Although, FIG. 11 shows the edge portions at one
side of the slits 214 being overlapped by a light blocking
member, in an example implementation, the pixel 204 may
also include a third light blocking member (not shown in
FIG. 11) made of a metal and overlapping the edge portions
224-A of the slits 214 in the pixel electrode 210. The third
light blocking member blocks light through a region of the
edge portions 224-A of the slits 214. The third light blocking
member and the second light blocking member 1126 may be
made of the same metal and may have the same width W3.
[0081] It may be noted that typically the edge portions of
the slits of the pixel electrode of each pixel in the display
panel are overlapped by the black matrix. However, when
the edge portions of the slits of the pixel electrode are
overlapped by a slit-edge light blocking member, in accor-
dance with an example implementation of the present sub-
ject matter, the black matrix may not overlap the edge
portions. The slit-edge light blocking member, in accordance
with the present subject matter, is formed in the second
substrate of the display panel, whereas the black matrix is
formed in the first substrate. Since the tolerance between the
first substrate and the second substrate is high, the slit-edge
light blocking member can be made smaller than the black
matrix typically overlapping the edge portions. In an alter-
nate example implementation, both the black matrix and the
slit-edge light blocking member may overlap the edge
portions of the slits.

[0082] The first light blocking member 1124 of the pixel
204 may be made similar to as described and illustrated
through FIGS. 5 to 10. In an example implementation, the
second light blocking member 1126 and the plurality of
common metal lines are formed in a same layer and are
made of the same metal. In said example implementation,
the second light blocking member 1126 is disposed on, and
is electrically connected to, the common electrode of the
LCD device 100. Further, in said example implementation,
the second light blocking member 1126 does not overlap the
black matrix 218.

[0083] In an example implementation, the second light
blocking member 1126 and the plurality of source lines are
formed in a same layer. The second light blocking member
1126 and the plurality of source lines may be made of the
same metal. In an example implementation, the second light
blocking member 1126 is electrically connected to one of the
two adjacent source lines bounding the pixel 204 and is
electrically isolated from the other of the two adjacent
source lines bounding the pixel 204. In another example
implementation, the second light blocking member 1126 is
electrically isolated from the two adjacent source lines
bounding the pixel 204. Further, in the above example
implementations, the second light blocking member 1126
does not overlap the black matrix 218.

[0084] FIG. 12 schematically illustrates a plan view of the
pixel 204 of the LCD device 100 with the second light
blocking member 1126 and the plurality of source lines
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206-1 and 206-2 in a same layer, according to an example
implementation of the present subject matter. As shown in
FIG. 12, the second light blocking member 1126 is electri-
cally connected to the source line 206-1 and is electrically
isolated from the source line 206-2. Further, as shown in
FIG. 12, the second light blocking member 1126 does not
overlap the black matrix 218.

[0085] In an example implementation, the second light
blocking member 1126 and the plurality of gate lines are
formed in a same layer and are made of the same metal. The
second light blocking member 1126 is integrated with the
plurality of gate lines. The black matrix overlaps the gate
line. The second light blocking member 1126 extends out
from the gate line, such that at least a part of the second light
blocking member 1126 is exposed from the black matrix in
plan view of the pixel 204. FIG. 13 schematically illustrates
a plan view of the pixel 204 of the LCD device 100 with the
second light blocking member 1126 integrated with a gate
line 208-2, according to an example implementation of the
present subject matter. In said example implementation, the
second light blocking member 1126 extends out from the
gate line 208-2. Further, as shown in FIG. 13, the black
matrix 218 overlaps the gate line 208-2. However, a part
1300 of the second light blocking member 1126 is exposed
from, and does not overlap, the black matrix 218 in the plan
of the pixel 204.

[0086] In an example implementation, the pixel 204 may
include a light blocking member overlapping the edge
portions on one side of the slits 214 or on both sides of the
slits 214, without having another light blocking member
overlapping the common boundary area 222 of the first set
of slit segments and the second set of slit segments. The light
blocking member overlapping the edge portions of the slits
214 may be similar to the second light blocking member
1126 as described above with reference to FIGS. 11 to 13.
[0087] FIG. 14 schematically illustrates a plan view of the
pixel 304 of the LCD device 100 with a slit-edge light
blocking member 1426, according to an example implemen-
tation of the present subject matter. The pixel 304 may be
any of the pixels 104 of the display panel 102 of the LCD
device 100.

[0088] As shown in FIG. 14, the slit-edge light blocking
member 1426 overlaps the edge portion 324-B of each of the
slits 314 in plan view of the pixel 304. The slit-edge light
blocking member 1426 is made of a metal such that light
through a region of the edge portion 324-B of each of the
slits 314 is blocked by the slit-edge light blocking member
1426. The metal may include, but is not restricted to,
aluminum (Al), copper (Cu), molybdenum (Mo), titanium
(Ti), or an alloy of tungsten (W) or magnesium (Mg) with
aluminum (Al), copper (Cu), molybdenum (Mo), and/or
titanium (Ti). The slit-edge light blocking member 1426
may also be formed of a stacked layer of aluminum (Al),
copper (Cu), molybdenum (Mo), titanium (Ti), or an alloy of
tungsten (W) or magnesium (Mg) with aluminum (Al),
copper (Cu), molybdenum (Mo), and/or titanium (Ti), or a
stacked layer of a combination of the above. In an example
implementation, the slit-edge light blocking member 1426
may have a width W4 in a range of about 1 pm to about 10
pm.

[0089] Although, FIG. 14 shows the edge portions at one
side of the slits 314 being overlapped by a light blocking
member, in an example implementation, the pixel 304 may
also include another slit-edge light blocking member (not
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shown in FIG. 14) made of a metal and overlapping the edge
portion 324-A of each of the slits 314 in the pixel electrode
310. The other slit-edge light blocking member blocks light
through a region of the edge portion 324-A of each of the
slits 314. The other slit-edge light blocking member and the
slit-edge light blocking member 1426 may be made of the
same metal and may have the same width W4.

[0090] It may be noted that typically the edge portions of
the slits of the pixel electrode of each pixel in the display
panel are overlapped by the black matrix. However, when
the edge portions of the slits of the pixel electrode are
overlapped by a slit-edge light blocking member, in accor-
dance with an example implementation of the present sub-
ject matter, the black matrix may not overlap the edge
portions. The slit-edge light blocking member, in accordance
with the present subject matter, is formed in the second
substrate of the display panel, whereas the black matrix is
formed in the first substrate. Since the tolerance between the
first substrate and the second substrate is high, the slit-edge
light blocking member can be made smaller than the black
matrix typically overlapping the edge portions. In an alter-
nate example implementation, both the black matrix and the
slit-edge light blocking member may overlap the edge
portions of the slits.

[0091] In an example implementation, the slit-edge light
blocking member 1426 and the plurality of common metal
lines are formed in a same layer and are made of the same
metal. The slit-edge light blocking member 1426 is disposed
on, and is electrically connected to, the common electrode of
the LCD device 100. Further, in said example implementa-
tion, the slit-edge light blocking member 1426 does not
overlap the black matrix 318.

[0092] In an example implementation, the slit-edge light
blocking member 1426 and the plurality of source lines are
formed in a same layer. The slit-edge light blocking member
1426 and the plurality of source lines may be made of the
same metal. In an example implementation, the slit-edge
light blocking member 1426 is electrically connected to one
of the two adjacent source lines bounding the pixel 304 and
is electrically isolated from the other of the two adjacent
source lines bounding the pixel 304. In another example
implementation, the slit-edge light blocking member 1426 is
electrically isolated from the two adjacent source lines
bounding the pixel 304.

[0093] FIG. 15 schematically illustrates a plan view of the
pixel 304 of the LCD device 100 with the slit-edge light
blocking member 1426 and the plurality of source lines
306-1 and 306-2 in a same layer, according to an example
implementation of the present subject matter. As shown in
FIG. 15, the slit-edge light blocking member 1426 is elec-
trically connected to the source line 306-1 and is electrically
isolated from the source line 306-2. Further, as shown in
FIG. 15, the slit-edge light blocking member 1426 does not
overlap the black matrix 318.

[0094] In an example implementation, the slit-edge light
blocking member 1426 and the plurality of gate lines are
formed in a same layer and are made of the same metal. The
slit-edge light blocking member 1426 is integrated with the
plurality of gate lines. The black matrix overlaps the gate
line. The slit-edge light blocking member 1426 extends out
from the gate line, such that at least a part of the slit-edge
light blocking member 1426 is exposed from the black
matrix in plan view of the pixel 304. FIG. 16 schematically
illustrates a plan view of the pixel 304 of the LCD device



US 2019/0302549 A1

100 with the slit-edge light blocking member 1426 inte-
grated with a gate line 308-2, according to an example
implementation of the present subject matter. In said
example implementation, the slit-edge light blocking mem-
ber 1426 extends out from the gate line 308-2. Further, as
shown in FIG. 16, the black matrix 318 overlaps the gate line
308-2. However, a part 1600 of the slit-edge light blocking
member 1426 is exposed from, and does not overlap, the
black matrix 318 in the plan of the pixel 304.

[0095] Although implementations for LCD devices have
been described in a language specific to structural features,
it is to be understood that the appended claims are not
necessarily limited to the specific features described. Rather,
the specific features are disclosed as example implementa-
tions for the LCD devices.

I/'We claim:

1. A liquid crystal display device comprising:

a first substrate including a black matrix;

a second substrate opposite to the first substrate; and

a liquid crystal layer between the first substrate and the

second substrate;

wherein the second substrate comprises:

a plurality of source lines;

a plurality of gate lines crossing the plurality of source
lines; and

a plurality of pixels in a matrix arrangement, a pixel
from the plurality of pixels being defined by two
adjacent source lines from the plurality of source
lines and two adjacent gate lines from the plurality of
gate lines, wherein a pixel electrode formed in the
pixel comprises a plurality of slits, the plurality of
slits including a first set of slit segments extending in
a first direction, and a second set of slit segments
extending in a second direction; and

a first light blocking member for blocking light through
the pixel, the first light blocking member extending
along a common boundary area of the first set of slit
segments and the second set of slit segments.

2. The liquid crystal display device as claimed in claim 1,
wherein the plurality of slits further includes a third set of
slit segments extending in a third direction and a fourth set
of slit segments extending in a fourth direction, the third set
of slit segments and the fourth set of slit segments being
formed in the common boundary area.

3. The liquid crystal display device as claimed in claim 2,
wherein the first set of slit segments and the second set of slit
segments are connected through the third set of slit segments
and the fourth set of slit segments.

4. The liquid crystal display device as claimed in claim 2,
the first light blocking member entirely overlaps the third set
of slit segments and the fourth set of slit segments in plan
view.

5. The liquid crystal display device as claimed in claim 1,
wherein the second substrate further comprises:

a common electrode opposite to the pixel electrode; and

a plurality of common metal lines electrically connecting

to the common electrode, wherein the first light block-
ing member is a part of the plurality of common metal
lines.

6. The liquid crystal display device as claimed in claim 1,
wherein the plurality of source lines and the first light
blocking member are formed in a same layer.

7. The liquid crystal display device as claimed in claim 6,
wherein the first light blocking member is connected with
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one of the two adjacent source lines and is electrically
isolated from other of the two adjacent source lines.

8. The liquid crystal display device as claimed in claim 6,
wherein the first light blocking member is electrically iso-
lated from the two adjacent source lines.

9. The liquid crystal display device as claimed in claim 1,
wherein the second substrate further comprises a second
light blocking member for blocking light through the pixel,
the second light blocking member overlapping edge portions
of the plurality of slits, and being made of a metal.

10. The liquid crystal display device as claimed in claim
9, wherein the edge portions of the plurality of slits extend
in a fifth direction different from the first direction and the
second direction.

11. The liquid crystal display device as claimed in claim
9, wherein the second substrate comprises:

a common electrode opposite to the pixel electrode; and

a plurality of common metal lines electrically connecting

to the common electrode, wherein the plurality of
common metal lines and the second light blocking
member are formed in a same layer.

12. The liquid crystal display device as claimed in claim
9, wherein the plurality of source lines and the second light
blocking member are formed in a same layer.

13. The liquid crystal display device as claimed in claim
9, wherein the plurality of gate lines is integrated with the
second light blocking member.

14. The liquid crystal display device as claimed in claim
13, wherein at least a part of the second light blocking
member is exposed from the black matrix in plan view.

15. A liquid crystal display device comprising:

a first substrate including a black matrix;

a second substrate opposite to the first substrate; and

a liquid crystal layer between the first substrate and the

second substrate;

wherein the second substrate comprises:

a plurality of source lines;

a plurality of gate lines crossing the plurality of source
lines; and

a plurality of pixels in a matrix arrangement, a pixel
from the plurality of pixels being defined by two
adjacent source lines from the plurality of source
lines and two adjacent gate lines from the plurality of
gate lines, wherein a pixel electrode formed in the
pixel comprises a plurality of slits; and

a slit-edge light blocking member overlapping an edge
portion of each of the plurality of slits in plan view,
wherein the slit-edge light blocking member is made
of a metal.

16. The liquid crystal display device as claimed in claim
15, wherein each of the plurality of slits includes a main
portion, the main portion continuously connecting with the
edge portion, and wherein the main portion extends in a
direction different from an extending direction of the edge
portion in each of the plurality of slits.

17. The liquid crystal display device as claimed in claim
15, wherein the second substrate further comprises:

a common electrode opposite to the pixel electrode; and

a plurality of common metal lines electrically connecting

to the common electrode, wherein the plurality of
common metal lines and the slit-edge light blocking
member are formed in a same layer.
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18. The liquid crystal display device as claimed in claim
15, wherein the plurality of source lines and the slit-edge
light blocking member are formed in a same layer.

19. The liquid crystal display device as claimed in claim
15, wherein the plurality of gate lines and the slit-edge light
blocking member are formed in a same layer, and wherein
the slit-edge light blocking member is integrated with one of
the plurality of gate lines.

20. The liquid crystal display device as claimed in claim
19, wherein at least a part of the slit-edge light blocking
member is exposed from the black matrix in plan view.
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