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(57) ABSTRACT

A display device includes a first substrate and a second
substrate facing the first substrate. A plurality of spacers is
disposed between the first and second substrates. The first
substrate includes a plurality of gate lines extending in a row
direction, a plurality of data lines extending in a column
direction, and a plurality of pixel electrodes. A first insulator
covers the plurality of gate lines. A semiconductor layer is
formed on the first insulator. A common electrode is formed
on the second insulator and faces the plurality of pixel
electrodes. A plurality of common lines extend along the
plurality of data lines and supply common voltage to the
common electrode. A plurality of seat regions are formed in
which at least one of the plurality of gate lines, the semi-
conductor layer, and one of the plurality of data lines overlap
to face the plurality of spacers.
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LIQUID CRYSTAL DISPLAY DEVICE

FIELD

[0001] This disclosure relates generally to an electronic
display device. More specifically, the disclosure relates to an
electronic display device such as, but not limited to, a liquid
crystal display device.

BACKGROUND

[0002] A liquid crystal display (LCD) device is an elec-
tronic display that is widely used as a display for electronic
devices such as, but not limited to, computers, televisions,
cellular phones, and the like. An LCD device generally
includes a thin film transistor (TFT) substrate and a color
filter (CF) substrate. A liquid crystal layer is disposed
between the TFT substrate and the CF substrate.

SUMMARY

[0003] This disclosure relates generally to an electronic
display device. More specifically, the disclosure relates to an
electronic display device such as, but not limited to, a liquid
crystal display device.

[0004] In an embodiment, an electronic display device is
a liquid crystal display device.

[0005] In an embodiment, the liquid crystal display device
is an in-plane switching (IPS) mode liquid crystal display
device.

[0006] In an embodiment, the electronic display device
can be included as a display for an electronic device such as,
but not limited to, a display for a laptop computer.

[0007] A display device is disclosed. The display device
includes a first substrate and a second substrate facing the
first substrate. A plurality of spacers is disposed between the
first substrate and the second substrate. The first substrate
includes a plurality of gate lines extending in a row direc-
tion, a plurality of data lines extending in a column direction,
and a plurality of pixel electrodes. A first insulator covers the
plurality of gate lines. A semiconductor layer is formed on
the first insulator. The plurality of data lines is formed on the
semiconductor layer. A second insulator covers the plurality
of data lines. The plurality of pixel electrodes includes a
plurality of first pixel electrodes corresponding to a first
color, a plurality of second pixel electrodes corresponding to
a second color, and a plurality of third pixel electrodes
corresponding to a third color. A common electrode is
formed on the second insulator and faces the plurality of
pixel electrodes. A plurality of common lines extend along
the plurality of data lines and are configured to supply
common voltage to the common electrode. A plurality of
seat regions are formed in which at least one of the plurality
of gate lines, the semiconductor layer, and one of the
plurality of data lines overlap to face the plurality of spacers
are provided in the first substrate. A plurality of boundary
areas includes a plurality of first boundary areas on which
respective common lines are disposed and a plurality of
second boundary areas on which the plurality of common
lines are not disposed. The plurality of first boundary areas
and the plurality of second boundary areas are disposed
between the plurality of third pixel electrodes and the
plurality of first pixel electrodes and extend in the column
direction. In the plurality of second boundary areas, one of
the plurality of spacers faces the one of the plurality of seat
regions.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] References are made to the accompanying draw-
ings that form a part of this disclosure, and which illustrate
embodiments in which the systems and methods described
in this specification can be practiced.

[0009] FIG. 1 illustrates a schematic diagram of a liquid
crystal display device, according to an embodiment.
[0010] FIG. 2 is a plan view illustrating a configuration of
pixels, according to an embodiment.

[0011] FIG. 3 is a sectional view taken along line 3-3' at
a first location of FIG. 2, according to an embodiment.
[0012] FIG. 4 is a sectional view taken along line 4-4' at
a second location of FIG. 2, according to an embodiment.
[0013] FIG. 5is a plan view illustrating a configuration of
pixels, according to another embodiment.

[0014] Like reference numbers represent like parts
throughout.

DETAILED DESCRIPTION
[0015] This disclosure relates generally to an electronic

display device. More specifically, the disclosure relates to an
electronic display device such as, but not limited to, a liquid
crystal display device.

[0016] Aliquid crystal display device generally includes a
thin film transistor (TFT) substrate and a color filter (CF)
substrate. A liquid crystal layer is disposed between the TFT
substrate and the CF substrate. The CF substrate includes a
plurality of colored regions (e.g., a red portion, a green
portion, and a blue portion) and one or more light blocking
layers (e.g., a black matrix). The one or more light blocking
layers may be arranged in a boundary region between the
plurality of colored regions. This arrangement can have a
color mixing problem that occurs when light (e.g., from a
backlight of the liquid crystal display device) leaks between
adjacent pixel regions of the liquid crystal display device.
The color mixing may be most evident when viewing the
liquid crystal display device from an angle (e.g., an oblique
angle).

[0017] In the liquid crystal display device, a plurality of
spacers hold a distance (gap) between the first substrate and
the second substrate. The gap may alternatively be referred
to as a cell gap or the like. A seat region is formed in a first
substrate. A spacer is formed in a second substrate. The first
substrate and the second substrate adhere to each other such
that the seat region and the spacer contact with each other,
thereby holding the gap. Desirably, the spacer is disposed at
a position where a numerical aperture of the pixel is not
degraded.

[0018] A liquid crystal display device includes a plurality
of common wires connected to a common electrode. The
common wires supply a common voltage to the common
electrode from the common power source. In general, the
common line cannot include the seat region for a spacer as
the height of the seat region on the common line would be
greater than a height of other seat regions. To maintain the
gap, a number of spacers and seat regions can be increased.
[0019] Embodiments described in this Specification
modify a location of the common lines to enable increasing
a number of spacers and seat regions despite being limited
to including the spacers and seat regions at locations other
than the common lines. This can be accomplished by, for
example, reducing a number of common lines in the display
device.
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[0020] FIG. 1 illustrates a schematic diagram of a liquid
crystal display device, according to an embodiment. The
liquid crystal display device includes display panel 10 that
displays an image, a driving circuit (data line driving circuit,
gate line driving circuit) that drives display panel 10, a
control circuit (not illustrated) that controls the driving
circuit, and a backlight (not illustrated) that irradiates dis-
play panel 10 with light from a rear surface side.

[0021] Indisplay region 10a of display panel 10, pixels 12
(each of which is surrounded by two adjacent data lines 14
and two adjacent gate lines 16) are arrayed into a matrix
shape in row and column directions. It is assumed that the
column direction is a direction in which data line 14 extends,
and that the row direction is a direction in which the gate line
16 extends.

[0022] A spacer 20 (shown and described in additional
detail below) is also shown in FIG. 1.

[0023] FIG. 2 is a plan view illustrating a configuration of
pixels 12, according to an embodiment. FIG. 3 is a sectional
view taken along line 3-3" at a first location of FIG. 2. FIG.
4 is a sectional view taken along line 4-4' at a second
location of FIG. 2.

[0024] FIG. 2 includes a region delineated by two adjacent
data lines 14 and two adjacent gate lines 16 to define a single
pixel 12.

[0025] In the illustrated embodiment, six pixels 12A-12F
are shown. It will be appreciated that the pixels 12 are
representative. From left-to-right in the illustrated embodi-
ment, pixel 12A is representative of a red pixel, pixel 12B is
representative of a green pixel, pixel 12C is representative of
a blue pixel, pixel 12D is representative of a red pixel, pixel
12E is representative of a green pixel, and pixel 12F is
representative of a blue pixel.

[0026] In FIG. 2, a plurality of common lines 22 are
shown. In the illustrated embodiment, two common lines 22
are shown. The common lines 22 are placed every six
columns. That is, the first common line 22 is shown bor-
dering the pixel 12A and the second common line 22 is
shown bordering the pixel 12F. In a prior art embodiment, a
common line 22 is repeated every three columns and would
accordingly be included between pixels 12C and 12D.
[0027] The illustrated embodiment is defined as having a
pitch of the common lines 22 equal to six columns. In an
embodiment, the pitch can be greater than six (e.g., nine,
etc.) columns. It will be appreciated that the pitch is a
multiple of three since there is a pattern of repeating pixels
12 every three pixels (e.g., red, green, blue). As a result, in
the illustrated embodiment, a common line 22 is disposed at
every other border between a blue pixel and a red pixel when
the pitch is six columns.

[0028] A plurality of spacers 20 and seat regions 24 are
disposed at every column (e.g., along data lines 14) that does
not include common line 22.

[0029] In the illustrated embodiment, a dummy line 26 is
disposed in a location between pixel 12C and pixel 12D. The
dummy line 26 is disposed at the location from which
common line 22 was omitted. The dummy line 26 can be
discontinuous such that the dummy line 26 does not overlap
the plurality of spacers 20 and the seat regions 24.

[0030] Each of the dummy lines 26 is physically isolated
from each other. The dummy lines 26 are electrically con-
nected to each other via the common electrode, which is
disposed underneath the common lines 22 and the dummy
lines 26 and electrically connected to the dummy lines 26
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and the common lines 22. In an embodiment, electrically
connecting the dummy lines 26 to the common electrode can
stabilize an electric potential of the dummy lines 26. Stabi-
lizing the electric potential of the dummy lines 26 can help
maintain a steady voltage in the dummy lines 26, which can
in turn reduce an amount of noise in an image displayed by
the display device. Unlike the common lines 22, the dummy
lines 26 are not connected to the common power source,
according to an embodiment.

[0031] A semiconductor layer 58 and a common electrode
32 are disposed at each pixel 12.

[0032] Pixel electrodes 34 including a transparent conduc-
tive film such as Indium Tin Oxide (ITO) are formed in each
pixel 12. Pixel electrodes 34 include a plurality of openings
(slit), and is formed into a stripe shape. The shape and
number of the openings is not intended to be limited.
[0033] FIG. 3 shows a sectional view taken along line 3-3'
at a location of the seat region 24 in which spacer 20 is
disposed, according to an embodiment. The display panel 10
includes a thin film transistor (TFT) substrate 50 (first
substrate) disposed on a rear surface side (of the display), a
color filter (CF) substrate 52 (second substrate) disposed on
a display surface side, and a liquid crystal layer 54 sand-
wiched between the TFT substrate 50 and the CF substrate
52.

[0034] The TFT substrate 50 includes gate line 16 formed
on a glass substrate. A first insulator 56 is formed so as to
cover gate line 16. A step reflecting a planar shape or a
thickness of gate line 16 is generated in a surface of first
insulator 56. The first insulator 56 can be formed by silicon
nitride (SiN) or the like. Gate line 16 can be formed by a
metallic material mainly containing aluminum (Al), molyb-
denum (Mo), titanium (Ti), or copper (Cu), a plurality of
laminated layers thereof, an alloy in which tungsten (W),
manganese (Mn), or titanium (T1) is added to the metallic
material, or a laminated metallic layer of a combination
thereof.

[0035] Semiconductor layer 58 is formed on first insulator
56. Drain electrode 60 and source electrode 62 are formed
on semiconductor layer 58. The source electrode 62 is
integral with the data line 14. A second insulator 64 is
formed so as to cover drain electrode 60 and source elec-
trode 62. An organic insulator 66 is formed on the second
insulator 64. A step reflecting planar shapes or a thickness of
semiconductor layer 58, drain electrode 60, and source
electrode 62 is generated in the surface of second insulator
64. A gently curved inclination influenced by the step
generated in the surface of second insulator 64 occurs in the
surface of organic insulator 66. Second insulator 64 can be
made of silicon nitride (SiN) or silicon dioxide (Si02).
Organic insulator 66 is made of a photosensitive organic
material mainly containing acryl.

[0036] Common electrode 32 is formed on organic insu-
lator 66. A third insulator 70 is formed so as to cover
common electrode 32. The surface of common electrode 32
is formed while reflecting a surface shape of organic insu-
lator 66. The surface of third insulator 70 is formed while
reflecting the surface shape or thicknesses of common
electrode 32 and organic insulator 70. The third insulator 70
can be formed by silicon nitride (SiN) or the like.

[0037] Pixel electrode 34 is formed on third insulator 70.
An alignment film 72 is formed so as to cover pixel electrode
34. Pixel electrode 34 is electrically connected to a drain
electrode 60 through a contact hole made in second insulator
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64, organic insulator 66, and third insulator 70. Alignment
film 72 may be an alignment film subjected to a rubbing
alignment process or a light alignment film subjected to a
light alignment process.

[0038] Although not illustrated, a polarizing plate and the
like are formed on TFT substrate 50.

[0039] The CF substrate 52 includes a color filter 74 (e.g.,
a red color filter, a green color filter, and a blue color filter)
and black matrix 76 formed on a glass substrate. An overcoat
layer 78 is formed to cover the color filter 74. In an
embodiment, the black matrix 76 is a resin material, a
metallic material, or the like, in which black pigment is used.
The overcoat layer 78 is an organic material.

[0040] An alignment film 80 is formed on overcoat layer
78. Alignment film 80 may be an alignment film subjected
to the rubbing alignment process or a light alignment film
subjected to the light alignment process.

[0041] It will be appreciated that one or more additional
components can be formed on the CF substrate 52. For
example, a polarizing plate or the like can be formed on the
CF substrate 52.

[0042] Liquid crystal is sealed in liquid crystal layer 54.
Liquid crystal may be a negative liquid crystal having a
negative dielectric anisotropy or a positive liquid crystal
having a positive dielectric anisotropy.

[0043] The laminated structure of each part constituting
pixel 12 is not limited to the structure in FIG. 3, but a known
structure can be applied.

[0044] The liquid crystal display device can have an
in-plane switching (IPS)-system configuration. The configu-
ration of the liquid crystal display device is not limited to the
IPS-system configuration.

[0045] The laminated structure of each part constituting
pixel 12 is not limited to the structure in FIG. 3, but a known
structure can be applied. As described above, the liquid
crystal display device has the IPS-system configuration. The
configuration of the liquid crystal display device is not
limited to the IPS-system configuration.

[0046] FIG. 4 is a sectional view taken along line 4-4' at
a second location of FIG. 2, according to an embodiment.
Unlike the sectional view in FIG. 3, because the section
along line 4-4' is taken along a common line 22, the sectional
view shows common line 22 formed on the common elec-
trode 32 and covered by the third insulator 70.

[0047] FIG.5is a plan view illustrating a configuration of
pixels 12, according to another embodiment. The embodi-
ment in FIG. 5 is substantially the same as the embodiment
shown and described above in accordance with FIG. 2. Like
parts are represented by like numbers and will not be
described in further detail.

[0048] The embodiment in FIG. 5 differs from the embodi-
ment in FIG. 2 by leaving out the dummy lines 26. Accord-
ingly, at an interval between pixel 12C and pixel 12D, no
dummy line 26 is shown in FIG. 5. In an embodiment, the
dummy lines 26 can assist with maintaining a consistent
image on the display device when viewed at an oblique
viewing angle. Accordingly, the embodiment in FIG. 2 may
have a more consistent image when viewed at an oblique
viewing angle than the embodiment in FIG. 5.

[0049] Aspects:

[0050] Aspect 1. A display device, comprising: a first
substrate; a second substrate facing the first substrate; and a
plurality of spacers disposed between the first substrate and
the second substrate, the first substrate including: a plurality
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of gate lines extending in a row direction, a plurality of data
lines extending in a column direction, and a plurality of pixel
electrodes; a first insulator covering the plurality of gate
lines; a semiconductor layer formed on the first insulator; the
plurality of data lines formed on the semiconductor layer; a
second insulator covering the plurality of data lines; the
plurality of pixel electrodes including a plurality of first
pixel electrodes corresponding to a first color, a plurality of
second pixel electrodes corresponding to a second color, and
a plurality of third pixel electrodes corresponding to a third
color; a common electrode formed on the second insulator
and facing the plurality of pixel electrodes; and a plurality of
common lines extending along the plurality of data lines and
configured to supply common voltage to the common elec-
trode, wherein a plurality of seat regions in which at least
one of the plurality of gate lines, the semiconductor layer,
and one of the plurality of data lines overlap to face the
plurality of spacers are provided in the first substrate, a
plurality of boundary areas include a plurality of first
boundary areas on which respective common lines are
disposed and a plurality of second boundary areas on which
the plurality of common lines are not disposed, the plurality
of first boundary areas and the plurality of second boundary
areas are disposed between the plurality of third pixel
electrodes and the plurality of first pixel electrodes and
extend in the column direction, and in the plurality of second
boundary areas, one of the plurality of spacers faces one of
the plurality of seat regions.

[0051] Aspect 2. The display device of aspect 1, wherein
the plurality of boundary areas include a plurality of third
boundary areas disposed between the plurality of first pixel
electrodes and the plurality of second pixel electrodes and
extending in the column direction, and a plurality of fourth
boundary areas disposed between the plurality of second
pixel electrodes and the plurality of third pixel electrodes
and extending in the column direction, wherein one or more
spacers of the plurality of spacers are disposed in the
plurality of third boundary areas, and one or more spacers of
the plurality of spacers are disposed in the plurality of fourth
boundary areas, in the plurality of third boundary areas, the
one or more spacers of the plurality of spacers face respec-
tive seat regions, and in the plurality of fourth boundary
areas, the one or more spacers of the plurality of spacers face
respective seat regions.

[0052] Aspect 3. The display device of one of aspects 1 or
2, wherein the first substrate further includes an organic
insulator formed on the second insulator, the common
electrode formed on the organic insulator, and the plurality
of common lines formed on the common electrode.

[0053] Aspect 4. The display device of one of aspects 1-3,
wherein the first substrate further includes a third insulator
formed to cover the common electrode and the plurality of
common lines, and the plurality of pixel electrodes are
formed on the third insulator.

[0054] Aspect 5. The display device of aspects 1-4,
wherein in the plurality of second boundary areas, dummy
lines are formed between two seat regions of the plurality of
seat regions neighboring in the column direction, and the
dummy lines are formed in a same layer as the plurality of
common lines.

[0055] Aspect 6. The display device of aspect 5, wherein
the dummy lines are formed on the common electrode and
are electrically connected to the common electrode.
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[0056] Aspect 7. The display device of aspect 5, wherein
the dummy lines are physically isolated from each other.
[0057] Aspect 8. The display device of aspect 5, wherein
the plurality of common lines are electrically connected to a
common power source, the common power source config-
ured to provide the common voltage to the common elec-
trode via the plurality of common lines.
[0058] Aspect 9. The display device of aspect 8, wherein
the common voltage is configured to be provided from the
common power source to the dummy lines.
[0059] Aspect 10. The display device of any of aspects
1-9, wherein the display device is a liquid crystal display
device.
[0060] Aspect 11. The display device of one of aspects
1-10, wherein the plurality of spacers are configured to
maintain a clearance between the first substrate and the
second substrate.
[0061] Aspect 12. The display device of one of aspects
1-11, wherein the plurality of spacers are disposed on the
plurality of data lines.
[0062] Aspect 13. The display device of one of aspects
1-12, wherein the first substrate is a thin film transistor
substrate and the second substrate is a color filter substrate.
[0063] Aspect 14. The display device of one of aspects
1-13, wherein the semiconductor layer includes a plurality
of semiconductor films.
[0064] The terminology used in this specification is
intended to describe particular embodiments and is not
intended to be limiting. The terms “a,” “an,” and “the”
include the plural forms as well, unless clearly indicated
otherwise. The terms “comprises” and/or “comprising,”
when used in this specification, specify the presence of the
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, and/or components.
[0065] With regard to the preceding description, it is to be
understood that changes may be made in detail, especially in
matters of the construction materials employed and the
shape, size, and arrangement of parts without departing from
the scope of the present disclosure. This specification and
the embodiments described are exemplary only, with the true
scope and spirit of the disclosure being indicated by the
claims that follow.

What is claimed is:

1. A display device, comprising:

a first substrate;

a second substrate facing the first substrate; and

a plurality of spacers disposed between the first substrate

and the second substrate,

the first substrate including:

a plurality of gate lines extending in a row direction, a
plurality of data lines extending in a column direc-
tion, and a plurality of pixel electrodes;

a first insulator covering the plurality of gate lines;

a semiconductor layer formed on the first insulator;

the plurality of data lines formed on the semiconductor
layer;

a second insulator covering the plurality of data lines;

the plurality of pixel electrodes including a plurality of
first pixel electrodes corresponding to a first color, a
plurality of second pixel electrodes corresponding to
a second color, and a plurality of third pixel elec-
trodes corresponding to a third color;
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a common electrode formed on the second insulator
and facing the plurality of pixel electrodes; and

a plurality of common lines extending along the plu-
rality of data lines and configured to supply common
voltage to the common electrode,

wherein a plurality of seat regions in which at least one of

the plurality of gate lines, the semiconductor layer, and
one of the plurality of data lines overlap to face the
plurality of spacers are provided in the first substrate,
a plurality of boundary areas include a plurality of first
boundary areas on which respective common lines are
disposed and a plurality of second boundary areas on
which the plurality of common lines are not disposed,

the plurality of first boundary areas and the plurality of
second boundary areas are disposed between the plu-
rality of third pixel electrodes and the plurality of first
pixel electrodes and extend in the column direction,
and

in the plurality of second boundary areas, one of the

plurality of spacers faces one of the plurality of seat
regions.

2. The display device of claim 1, wherein the plurality of
boundary areas include a plurality of third boundary areas
disposed between the plurality of first pixel electrodes and
the plurality of second pixel electrodes and extending in the
column direction, and a plurality of fourth boundary areas
disposed between the plurality of second pixel electrodes
and the plurality of third pixel electrodes and extending in
the column direction,

wherein one or more spacers of the plurality of spacers are

disposed in the plurality of third boundary areas, and
one or more spacers of the plurality of spacers are
disposed in the plurality of fourth boundary areas,

in the plurality of third boundary areas, the one or more

spacers of the plurality of spacers face respective seat
regions, and

in the plurality of fourth boundary areas, the one or more

spacers of the plurality of spacers face respective seat
regions.

3. The display device of claim 1, wherein the first sub-
strate further includes an organic insulator formed on the
second insulator, the common electrode formed on the
organic insulator, and the plurality of common lines formed
on the common electrode.

4. The display device of claim 1, wherein the first sub-
strate further includes a third insulator formed to cover the
common electrode and the plurality of common lines, and
the plurality of pixel electrodes are formed on the third
insulator.

5. The display device of claim 1, wherein in the plurality
of second boundary areas, dummy lines are formed between
two seat regions of the plurality of seat regions neighboring
in the column direction, and the dummy lines are formed in
a same layer as the plurality of common lines.

6. The display device of claim 5, wherein the dummy lines
are formed on the common electrode and are electrically
connected to the common electrode.

7. The display device of claim 5, wherein the dummy lines
are physically isolated from each other.

8. The display device of claim 5, wherein the plurality of
common lines are electrically connected to a common power
source, the common power source configured to provide the
common voltage to the common electrode via the plurality
of common lines.
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9. The display device of claim 8, wherein the common
voltage is configured to be provided from the common
power source to the dummy lines via the common electrode.

10. The display device of claim 1, wherein the display
device is a liquid crystal display device.

11. The display device of claim 1, wherein the plurality of
spacers are configured to maintain a clearance between the
first substrate and the second substrate.

12. The display device of claim 1, wherein the plurality of
spacers are disposed on the plurality of data lines.

13. The display device of claim 1, wherein the first
substrate is a thin film transistor substrate and the second
substrate is a color filter substrate.

14. The display device of claim 1, wherein the semicon-
ductor layer includes a plurality of semiconductor films.
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