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7) ABSTRACT

According to one embodiment, a liquid crystal display
device includes an array substrate, an opposed substrate and
a liquid crystal layer. The array substrate includes a first line,
a second line, a light shielding pattern, a first pixel electrode,
and a second pixel electrode. The opposed substrate includes
a light shielding layer, a first colored layer, and a second
colored layer.

4 Claims, S Drawing Sheets

WSS




U.S. Patent Jun. 20, 2017 Sheet 1 of 5 US 9,684,198 B2

PNL
SW PX SW PX DYP
AN ( a
SV VY IR N
] .L) r/ .L/] FI L S 1 ~CBL
PEAL PEAL | L | --- g
CETICET| T
— e L
e il ) il ) Y
T T T
YD~ , , 0
e ' | S8 YD
~D1 oD2 D3 oD4
] HL20
i {/ J MN_-10
AN 5
/
XD %

FIG.1



U.S. Patent Jun. 20, 2017 Sheet 2 of 5 US 9,684,198 B2

S3
S6

75 _s7

51
_CE
7 532
25 34
L_CE
JZZZZZ 75~ S5

—

D3
S Py CY
/

/

FIG. 2



US 9,684,198 B2

Sheet 3 of 5

Jun. 20, 2017

U.S. Patent

S S S
B 2
R N
B/-\\\\J | /1
\ SN
B N\
’ | N
Y /
ajw\ N
NN
%ém N
R I\
. N
N 24y ﬂ\

\\\/\\\\\\\
/’

12~

L1
SB1

/

FIG.3



US 9,684,198 B2

Sheet 4 of 5

Jun. 20,2017

U.S. Patent

S o =
\|\J e -
V/\J | _ N

1| /\/
- | 7~ \“: _ _ _ “/\
mf/\./ A N
ST N
B/.\\\\/“_ //\m ___MNV/MU / \\ A
N N %
= Vw“/xwll/_ y/\W
=N T V\A/\
NU TR
WT” = \\/\/
N EEN
\ "
S N7 i 2NN
NOUA | N
w/%py\:_ I W(vuv\/m\v/\
7 m \;_ _ _ _ / A
“ _ .m\\ L/
N Al
v O o —o- - %

J

|

FIG. 4



U.S. Patent Jun. 20, 2017 Sheet 5 of 5 US 9,684,198 B2

R BM G W1 M 2

AN NAVEAN w 3\/

N \
2~y / /& VS VKLS S S ) e
|_1 N N AN NN /\ AN /\ N IN N N N\
B \// // ///\
77 ’
D D

FIG.5



US 9,684,198 B2

1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-282863,
filed Dec. 26, 2012, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a liquid
crystal display device.

BACKGROUND

Nowadays, flat display devices are being extensively
developed. Among them, liquid crystal display devices are
mounted on various electronic apparatuses, since they have
such advantages as being lightweight, thin, and consuming
little energy. As a method of controlling a liquid crystal
alignment state, presented are display devices using a
method of controlling the alignment state of liquid crystal
with a vertical electric field such as twisted nematic (TN)
mode and optically compensated bend (OCB) mode, and
display devices using a method of controlling the alignment
state of liquid crystal with a transverse electric field (includ-
ing fringe electric field) such as in-plane switching (IPS) and
fringe field switching (FFS) modes.

For example, resolution of display devices mounted on
smartphones and tablet computers is being enhanced, and it
is required to reduce the pixel size of liquid crystal display
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an example of a liquid
crystal display device according to an embodiment.

FIG. 2 is a diagram for explaining an example of a
structure of a display module of an array substrate.

FIG. 3 is a diagram illustrating an example of a cross
section of a liquid crystal display panel, taken along line
1I-1I illustrated in FIG. 2.

FIG. 4 is a diagram for explaining an example of an effect
of the liquid crystal display device according to the embodi-
ment.

FIG. 5 is a diagram for explaining an example of an effect
of the liquid crystal display device according to the embodi-
ment.

DETAILED DESCRIPTION

In general, according to one embodiment, there is pro-
vided a liquid crystal display device comprising: an array
substrate comprising a first line extending in a first direction,
a second line extending in a second direction crossing the
first direction, a light shielding pattern disposed above the
second line and opposed to the second line, a first pixel
electrode disposed in a first area partitioned by the first line
and the second line, and a second pixel electrode disposed
in a second area partitioned by the first line and the second
line and aligned with the first area in the first direction; an
opposed substrate disposed opposite to the array substrate,
the opposed substrate comprising a light shielding layer
disposed in a position opposite to the second line, a first
colored layer disposed opposite to the first pixel electrode,
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and a second colored layer adjacent to the first colored layer
in the first direction and disposed opposite to the second
pixel electrode; and a liquid crystal layer held between the
array substrate and the opposed substrate.

A liquid crystal display device according to an embodi-
ment will be explained hereinafter with reference to the
drawings.

FIG. 1 is a schematic diagram of an example of a liquid
crystal display device according to an embodiment. The
liquid crystal display device includes a liquid crystal display
panel PNL and a backlight unit BL.

The liquid crystal display panel PNL includes an array
substrate 10, an opposed substrate 20 disposed opposite to
the array substrate 10 with a predetermined gap therebe-
tween, a liquid crystal layer LQ held between the array
substrate 10 and the opposed substrate 20, and a display area
DYP including pixels PX arranged in a matrix state.

The backlight unit BL illuminates the liquid crystal dis-
play panel from a back side. Various forms are applicable as
the backlight unit BL, and either of a backlight using
light-emitting diodes (LED) as a light source and a backlight
using a cold cathode fluorescent lamp (CCFL) is applicable.
Explanation of a detailed structure of the backlight unit BL
is omitted.

The array substrate 10 includes a transparent insulating
substrate SB1 (illustrated in FIG. 3) formed of glass or the
like, a plurality of scanning lines S (S1, S2, . . . ), a plurality
of signal lines D (D1, D2, . . . ) crossing the scanning lines
S, switching elements SW arranged in the vicinity of respec-
tive positions, in each of which a scanning line (first line) S
and a signal line (second line) D cross each other, insulating
films L1 and L2 (illustrated in FIG. 3), a planarization film
12 (illustrated in FIG. 3), pixel electrodes PE arranged for
the respective pixels PX, common electrodes CE opposed to
the pixel electrodes PE, auxiliary lines CX and CY arranged
on the common electrodes CE (illustrated in FIG. 2), an
alignment film 30A, and a driving circuit disposed in a frame
area surrounding the display area DYP.

The scanning lines S extend along rows (first direction X)
of the pixels PX arranged in a matrix in the display area
DYP. The signal lines D extend along columns (second
direction Y) of the pixels PX arranged in a matrix in the
display area DYP.

Each of the switching elements SW includes a thin-film
transistor including a semiconductor layer (not shown)
formed of polysilicon or the like. A gate electrode of each
switching element SW is electrically connected to a corre-
sponding scanning line S (or formed as one unitary piece).
A source electrode of each switching element SW is elec-
trically connected to a corresponding signal line D (or
formed as one unitary piece). A drain electrode of each
switching element SW is electrically connected to a corre-
sponding pixel electrode PE (or formed as one unitary
piece).

The driving circuit includes scanning-line driving circuits
YD that drive the scanning lines S, and a signal-line driving
circuit XD that drives the signal lines D. The scanning-line
driving circuits YD are arranged on both sides of the display
area DYP in a direction in which the scanning lines S extend,
and are electrically connected with the scanning lines S
extending from the display area DYP. The signal-line driv-
ing circuit XD is electrically connected with the signal lines
D extending from the display area DYP.

A flexible substrate (not shown) is connected to an end
portion of the array substrate 10, and the scanning-line
driving circuits YD and the signal-line driving circuit XD



US 9,684,198 B2

3

are supplied with control signals and video signals from a
signal source (not shown) through the flexible substrate.

FIG. 2 is a diagram for explaining an example of a
structure of a display module of the array substrate 10. In
FIG. 2, structures of the insulating layers, the switching
elements, and the alignment film are omitted.

In the case where the liquid crystal display device is a
liquid crystal display device of a color display type, the
pixels PX include a plurality of types of color pixels. In the
present embodiment, when the pixels PX include, for
example, red pixels for displaying the color red, green pixels
for displaying the color green, and blue pixels for displaying
the color blue, one picture element is formed of three types
of color pixels, that is, a red pixel, a blue pixel, and a green
pixel. For example, in the display area DYP, red pixels,
green pixels, and blue pixels are periodically arranged in the
first direction X, and color pixels of the same color are
arranged in line in the second direction Y.

Each common electrode CE extends along the first direc-
tion X to be opposed to a plurality of rows of the pixel
electrodes PE. The common electrodes CE are arranged side
by side in the second direction Y. The common electrodes
CE are formed of transparent electrode material such as
indium tin oxide (ITO) and indium zinc oxide (IZ0).

The common electrodes CE can be used as sensor elec-
trodes of a touchpanel. For example, the intensity of capac-
ity generated between the user’s fingertip and the common
electrode CE changes according to the distance between the
user’s fingertip or tip of a stylus and the common electrode
CE. It is possible to determine a position coordinate of the
user’s fingertip or the like in the second direction Y, by
detecting potentials of all the common electrodes CE. In this
case, sensor electrodes for determining a position coordinate
in the first direction X may be arranged outside the liquid
crystal display panel PNL or the like and opposed to the
display area DYP.

The auxiliary lines CX and CY form a lattice shape, and
include first auxiliary lines CX extending almost parallel
with the scanning lines S, and second auxiliary lines CY
extending almost parallel with the signal lines D. The first
auxiliary lines CX extend from one end to the other end in
the first direction X of the display area DYP, and extend to
the frame area surrounding the display area DYP. The
second auxiliary lines CY extend from one end to the other
end in the second direction Y of the common electrodes CE.
Specifically, the common electrodes CE are not connected to
one another by the second auxiliary lines CY. On each
common electrode CE, the first auxiliary lines CX are
electrically connected to the second auxiliary line CY.

Each of the first auxiliary lines CX and the second
auxiliary lines CY is a multi-layer line formed of, for
example, molybdenum (Mo) and aluminum (Al). The first
auxiliary lines CX are arranged in a layer higher than the
scanning lines S and the switching elements SW. The second
auxiliary lines CY are arranged in a layer higher than the
signal lines D.

The first auxiliary lines CX and the second auxiliary lines
CY are arranged directly on the common electrodes CE, and
electrically connected to the common electrodes CE. Such
arrangement of the first auxiliary lines CX and the second
auxiliary lines CY as described above reduces the difference
in potential of the common electrodes CE between the center
part and the end parts of the display area DYP, and sup-
presses deterioration in the display quality.

Each pixel electrode PE is provided with slits SL extend-
ing in the second direction Y. Each pixel electrode PE is
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disposed to be opposed to an area surrounded by the
scanning lines S and the signal lines D.

In other words, the pixel electrodes PE are arranged in
respective areas partitioned by the scanning lines S and the
signal lines D. Among the areas, areas aligned in the first
direction are referred to as a first area and a second area. A
pixel electrode (first pixel electrode) PE is disposed in a first
area, and another pixel electrode (second pixel electrode) PE
is disposed in a second area. Thus, the pixel electrode (first
pixel electrode) PE and another pixel electrode (second pixel
electrode) PE are aligned in the first direction X with the
signal line D interposed therebetween.

In the liquid crystal display device of the present embodi-
ment, the alignment state of the liquid crystal layer LQ is
controlled by a transverse electric field generated between
the pixel electrodes PE and the common electrodes CE. By
providing the pixel electrodes PE with the slits SL, an
electric field is generated between the pixel electrode PE and
the common electrode CE also in the central part of each
pixel PX, and the alignment state of the liquid crystal layer
LQ can be controlled.

FIG. 3 is a diagram illustrating an example of a cross
section of the liquid crystal display panel PNL, taken along
line MI-IIT illustrated in FIG. 2.

The transparent insulating substrate SB1 of the array
substrate 10 is formed of, for example, glass or transparent
resin. Although not shown in FIG. 3, the scanning lines S are
arranged on the transparent insulating substrate SB1, and the
scanning lines S are covered with the insulating layer L1. A
polarizer (not shown) is attached outside the transparent
insulating substrate SB1.

The signal lines D are arranged on the insulating layer L1.
In the present embodiment, a width of each signal line D in
the first direction X is about 3 pum.

The planarization layer 12 is disposed on the signal lines
D. The planarization layer 12 is an organic insulating layer
of silicon nitride (Si;N,) or the like. In the present embodi-
ment, the planarization layer 12 has a width of about 2.5 pm
in a third direction Z. The third direction Z is a direction
almost orthogonal to the first direction X and the second
direction Y.

The common electrodes CE are arranged on the planariza-
tion layer 12.

The second auxiliary lines CY are arranged directly on the
respective common electrodes CE, and electrically con-
nected to the respective common electrodes CE. In the
present embodiment, a width of the second auxiliary lines
CY in the first direction X is about 4 um. The second
auxiliary lines CY are arranged to be opposed to the signal
lines D. The second auxiliary lines CY are covered with the
insulating layer 1.2.

The pixel electrodes PE are arranged on the insulating
layer L2. The pixel electrodes PE are covered with the
alignment film 30A. The alignment film 30A has been
subjected to alignment treatment, such as rubbing and opti-
cal alignment treatment. For example, resin such as poly-
imide can be used as a material of the alignment film 30A.
In the present embodiment, rubbing is adopted as alignment
treatment for the alignment film 30A.

The opposed substrate 20 includes a transparent insulating
substrate SB2, a light shielding layer BM, a color filter CF,
an overcoat layer OC, and an alignment film 30B.

The transparent insulating substrate SB2 of the opposed
substrate 20 is formed of, for example, glass or transparent
resin. A polarizer (not shown) is attached outside the trans-
parent insulating substrate SB2. The polarizer of the array
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substrate 10 side and the polarizer of the opposed substrate
20 side are arranged such that their transmission axes are
orthogonal to each other.

The light shielding layer BM is disposed on the transpat-
ent insulating substrate SB2. The light shielding layer BM is
formed of, for example, a black-colored resin material.
Although FIG. 3 illustrates only parts of the light shielding
layer BM that are opposed to the signal lines D, the light
shielding layer BM is disposed in a lattice shape opposed to
the scanning lines S and the signal lines D in the display area
DYP, and disposed to surround the display area DYP. A
width in the first direction X of each part of the light
shielding layer BM opposed to the signal line D is about 4
pm.
The color filter CF is disposed on the light shielding layer
BM. The color filter CD includes, for example, a red colored
layer R, a green colored layer G, and a blue colored layer B.

The colored layer R is disposed for the red pixels, and
transmits light having a red main wavelength. The colored
layer G is disposed for the green pixels, and transmits light
having a green main wavelength. The colored layer B is
disposed for the blue pixels, and transmits light having a
blue main wavelength. Each of the colored layers R, G, and
B is disposed opposite to the pixel electrodes PE arranged in
the second direction Y. The color filter CF is formed of, for
example, resin materials colored with the respective colors.

The overcoat layer OC covers the color filter CF. The
overcoat layer OC mitigates influence of unevenness of the
surface of the color filter CF.

The alignment film 30B covers the overcoat layer OC.
The alignment film 30B has been subjected to alignment
treatment such as rubbing and optical alignment treatment.
For example, resin such as polyimide can be used as a
material of the alignment film 30B. In the present embodi-
ment, rubbing is adopted as alignment treatment for the
alignment film 30B.

In the present embodiment, the color filter CF and the
overcoat layer OC in the third direction 7 have a width of
about 3.25 um in total.

The liquid crystal layer LQ is held between the array
substrate 10 and the opposed substrate 20, and disposed
between the alignment film 30A and the alignment film 30B.
One of the array substrate 10 and the opposed substrate 20
is provided with pillar spacers (not shown) to maintain the
cell gap between the array substrate 10 and the opposed
substrate 20. The liquid crystal layer LQ is formed of liquid
crystal material having, for example, a positive dielectric
anisotropy. In the present embodiment, a width of the liquid
crystal layer LQ in the third direction 7 is about 3.3 pum.

The array substrate 10 and the opposed substrate 20 are
positioned to be opposed to each other, and fixed with a
sealing member (not shown) disposed to surround the dis-
play area DYP. In fixing, the array substrate 10 and the
opposed substrate 20 are positioned such that the central
positions of the signal lines D, the second auxiliary lines CY,
and the light shielding layer BM in the first direction X are
aligned along the third direction 7.

For example, since the size of the pixels PX is reduced in
a high-resolution liquid crystal display device of 300 ppi or
more, the ratio of lines, such as the scanning lines S and the
signal lines D, and the light shielding layer (black matrix)
BM to the area of the pixels PX increases and the aperture
ratio may decrease. When the widths of the signal lines and
the black matrix are reduced to increase the aperture ratio,
the pixel color may be viewed as being mixed with the color
of the adjacent pixel, in the case where the array substrate 10
is shifted from the opposed substrate 20 in alignment.
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FIG. 4 and FIG. 5 are diagrams for explaining an example
of an effect of the liquid crystal display device according to
the present embodiment. The following explanation shows
the case where the array substrate 10 is opposed to the
opposed substrate 20 in positions shifted from each other by
about 1.5 um in the first direction X.

A liquid crystal display device illustrated in FIG. 4 has a
structure in which second auxiliary lines CY are arranged
above the signal lines D, like the liquid crystal display
device of the present embodiment. A liquid crystal display
device illustrated in FIG. 5 has the same structure as the
liquid crystal display device illustrated in FIG. 4, except that
it includes no second auxiliary lines CY.

When their color mixture ratios obtained when these
liquid crystal display devices are viewed from a direction
inclined by about 45° from the third direction Z toward the
first direction X are compared, the color mixture ratio was
62% in the case of including no second auxiliary lines CY
as illustrated in F1G. 5, and the color mixture ratio was 18%
in the case of arranging the second auxiliary lines CY as
illustrated in FIG. 4.

The color mixture ratio is a ratio of a width of the first
direction X of a part where light that has been transmitted
through the adjacent pixel is viewed to a width of the first
direction X of a part where light that has been transmitted
through the pixel in question. When it is explained using the
examples illustrated in FIG. 4 and FIG. 5, the color mixture
ratio is a ratio of a width W2 in the second direction Y of a
part where light that has been transmitted through the
adjacent blue pixel is viewed to a width W1 in the first
direction X of a part where light that has been transmitted
through the green pixel is viewed (W2/W1x100).

As described above, when second auxiliary lines CY are
arranged above the signal lines D and opposite to the signal
lines D, the second auxiliary lines CY serve as light shield-
ing pattern to block the light that has been transmitted
through the adjacent pixel PX, and suppress color mixture
between the adjacent pixels PX. Specifically, according to
the present embodiment, it is possible to provide a liquid
crystal display device with good display quality.

Although the liquid crystal display device of the above
embodiment is a liquid crystal display device of an FFS
mode, the present invention is applicable to liquid crystal
display devices of other modes, as long as a light shielding
pattern opposed to the signal lines D is disposed above the
signal lines D. Although it is possible to sufficiently suppress
color mixture when the light shielding pattern disposed
above the signal lines D has a large width in the first
direction X, the aperture area of each pixel PX is reduced.
Thus, the light shielding pattern desirably has a width in the
first direction X that does not exceed a larger one of the
width of the light shielding layer BM and the width of the
signal lines D.

In the liquid crystal display device according to the above
embodiment, the second auxiliary lines CY extend from one
end to the other end in the second direction Y of the common
electrodes. However, in the case where the common elec-
trodes are not used as sensor electrodes of the touchpanel,
the liquid crystal display device may be provided with a
continuous light shielding pattern extending from one end to
the other end in the second direction Y of the display area
DYP. Also in such a case, the same effect as that of the above
embodiment can be obtained by providing a light shielding
pattern disposed above the signal lines D and opposed to the
signal lines D.

In addition, although the liquid crystal display device of
the above embodiment includes the color filter CF including
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colored layers R, G and B with three colors of red, green,
and blue, it may include a color filter including colored
layers of four or more colors. Since the pixel size is further
reduced in the liquid crystal display device in the above
case, color mixture can be more effectively suppressed by a
light shielding pattern disposed opposite to the signal lines
D.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A liquid crystal display device comprising:

an array substrate comprising a first line extending in a
first direction, a second line extending in a second
direction crossing the first direction, a light shielding
pattern disposed above the second line and opposed to
the second line, a first pixel electrode disposed in a first
area partitioned by the first line and the second line, and
a second pixel electrode disposed in a second area
partitioned by the first line and the second line and
aligned with the first area in the first direction;

an opposed substrate disposed opposite to the array sub-
strate, the opposed substrate comprising a light shield-
ing layer disposed in a position opposite to the second
line, a first colored layer disposed opposite to the first
pixel electrode, and a second colored layer adjacent to
the first colored layer in the first direction and disposed
opposite to the second pixel electrode; and
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a liquid crystal layer held between the array substrate and
the opposed substrate, wherein
the array substrate further comprises a common electrode
formed of transparent electrode material and disposed
opposite to the first and second pixel electrodes through
an insulating layer,
as seen in plan view, the common electrode is provided
over the first and second pixel electrodes, and
the light shielding pattern has a lattice shape, is disposed
directly on the common electrode, and is electrically
connected to the common electrode.
2. The liquid crystal display device according to claim 1,
wherein
the array substrate further comprises another common
electrode aligned with the common electrode in the
second direction, and another light shielding pattern
disposed directly on the another common electrode and
electrically connected to the another common elec-
trode,
the light shielding pattern is disposed to extend from one
end to the other end of the common electrode in the
second direction, and
the another light shielding pattern is disposed to extend
from one end to the other end of the another common
electrode in the second direction.
3. The liquid crystal display device according to claim 1,
wherein
the width of the light shielding pattern in the first direction
is less than or equal to the larger of the width of the
second line and the width of the light shielding layer.
4. The liquid crystal display device according to claim 2,
wherein
the width of the light shielding pattern in the first direction
is less than or equal to the larger of the width of the
second line and the width of the light shielding layer.
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