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ARRAY SUBSTRATE, DISPLAY PANEL AND DISPLAY DEVICE
HAVING THE SAME, AND METHOD THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201510333832 X,

filed June 16, 2015, the contents of which are incorporated by reference in the entirety.
FIELD

[0002] The present invention relates to display technology, more particularly, to an array
substrate, a display panel and a display device having the same, and a manufacturing method

thereof.
BACKGROUND

[0003] Liquid crystal display panel has found a wide variety of applications. Typically, a
liquid crystal display panel includes a color filter substrate and an array substrate facing each
other.Thin film transistors, gate lines, data lines, pixel electrodes, common electrodes, and
common electrode lines are disposed on the array substrate and color filter substrate.
Between the two substrates, a liquid crystal material is injected to form a liquid crystal layer.
One common problem associated with the liquid crystal display panel is light leakage. To
prevent light leakage, a black matrix is placed on the color filter substrate. A liquid crystal
display panel having a larger black matrix can better prevent light leakage. However, an
aperture ratio of the liquid crystal display device is reduced by using a black matrix with a

larger area.

SUMMARY

[0004] In one aspect, the present invention provides an array substrate, comprising a base
substrate; a row of a plurality of pixel units; and a first gate line and a first common electrode
line adjacent to the row of the plurality of pixel units and on a first side of the row of the
plurality of pixel units in plan view of the array substrate. The first gate line and the first
common electrode line are spaced apart by a gap. Thearray substrate further comprises a light

shield at least partially covering the gap for reducing light leakage from the gap.
[0005] Optionally, the light shield is above the gap.

[0006] Optionally,the light shield is below the gap.
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[0007] Optionally,the light shield has a width which is substantially equal to a width of the
gap and less than a total width of the gap, the first gate line and the first common electrode

line.

[0008] Optionally,the array substrate further comprises a first layer comprising the first

gate line and the first common electrode line and a second layer comprising the light shield.

[0009] Optionally,each of the plurality of pixel units comprises a thin film transistor
comprising a gate electrode, an active layer, a source electrode, and a drain electrode; the first
layer further comprising the gate electrode connected to the first gate line;the second layer

comprising the light shield, the source electrode and the drain electrode.

[0010] Optionally,each of the plurality of pixel units comprises a pixel electrode above the
light shield, the pixel electrode substantially completely covers the light shield in plan view

of the array substrate.

[0011] Optionally,each of the plurality of pixel unit comprises a common electrode below
the first gate line and the first common electrode line, and connected to the first common

electrode line.

[0012] Optionally,each of the plurality of pixel units comprises a pixel electrode on top of a
common electrode, the common electrode is above the light shield, the common electrode

substantially completely covers the light shield in plan view of the array substrate.

[0013] Optionally,each of the plurality of pixel units comprises a common electrode on top
of a pixel electrode, the pixel electrode is above the light shield, the pixel electrode

substantially completely covers the light shield in plan view of the array substrate.

[0014] In another aspect, the present invention also provides a display panel comprising an

array substrate described herein.

[0015] In another aspect, the present invention also provides a display device comprising a

display panel described herein.

[0016] In another aspect, the present invention further provides a method of manufacturing
an array substrate comprising forming a row of a plurality of pixel unitson a base substrate;
forming a first gate line and a first common electrode lines adjacent to the row of the plurality
of pixel units and on a first side of the row of the plurality of pixel units in plan view of the

base substrate, wherein the first gate line and the first common electrode line are spaced apart
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by a gap; and forming a light shield, wherein the light shield at least partially covers the
gapfor reducing light leakage from the gap.

[0017] Optionally,the light shield is above the gap.
[0018] Optionally,the light shield is below the gap.

[0019] Optionally,the gate line and the common electrode line are made of a same material
and formed in a first patterning process in a first layer, and the light shield is formed in a

second patterning process in a second layer.

[0020] Optionally,the step of forming the row of the plurality of pixel units comprises
forming a thin film transistor, comprising forming a gate electrode; forming an active layer;
and forming a source electrode and a drain electrode. The gate electrode, the gate line, and
the common electrode line are made of a same material and formed in the first patterning
process; the light shield, the source electrode and the drain electrode are formed in the second

patterning process.

[0021] Optionally, the step of forming the row of the plurality of pixel units further
comprises forming a pixel electrode, the pixel electrode is above the light shield, the pixel

electrodes substantially completely covers the light shield in plan view of the array substrate.

[0022] Optionally,the step of forming an array of a plurality of pixel units further
comprises forming a pixel electrode and a common electrode. The common electrodes is on
top of the pixel electrode, the pixel electrode is above the light shield, the pixel electrode

substantially completely covers the light shield in plan view of the array substrate.

[0023] Optionally,the step of forming an array of a plurality of pixel units further
comprisesforming a pixel electrode and a common electrode. The pixel electrode is on top of
the common electrode, the common electrode is above the light shield, the common electrode

substantially completely covers the light shield in plan view of the array substrate.
BRIEF DESCRIPTION OF THE FIGURES

[0024] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.
[0025] FIG. 1 isa cross-sectional view of a conventional liquid crystal display panel.

[0026] FIG. 2 is a diagram illustrating the structure of an array substrate in plan view in an

embodiment.
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[0027] FIG. 3 is a cross-sectional view of the array substrate taken along section line A-A

of FIG. 2.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The disclosure will now describe more specifically with reference to the following
embodiments. It is to be noted that the following descriptions of some embodiments are
presented herein for purpose of illustration and description only. It is not intended to be

exhaustive or to be limited to the precise form disclosed.

[0029] FIG. 1 isa cross-sectional view of a conventional liquid crystal display panel. The
conventional liquid crystal display panel includes a color filter 7 and an array substrate 8.
Referring to FIG. 1, the array substrate 8 in a conventional display panel includes a plurality
of gate lines 3 and a plurality of common electrode lines 4. The gate lines 3 and the common
electrode lines 4 are parallel to each other and are spaced apart by a gap 6. Light leakage
occurs in the gap 6 between the gate line 3 and the common electrode line 4. In a
conventional display panel, as shown in FIG. 1, light leaking out from the gap 6 sometimes
cannot be blocked by a black matrix 71. For example, in response to external pressure placed
on the color filter 7, the color filter 7 of the display panel may shift relative to the array
substrate 8, resulting in light passing through.

[0030] FIG. 2 is a diagram illustrating the structure of an array substrate in plan view in an
embodiment. FIG. 3 is a cross-sectional view of the array substrate taken along section line
A-A of FIG. 2. Referring to FIGs. 2 and 3, the array substrate in the embodiment includes a
base substrate 1, an array of a plurality of pixel units 2 disposed on the base substrate 1, a
plurality of gate lines 3, a plurality of common electrode lines 4, and a plurality of light
shields 5. The gate lines 3 define rows of pixel units 2. Each row of the plurality of pixel
units 2 corresponds to one gate line 3 (i.e., a first gate line 3) and one common electrode line
4 (i.e., a first common electrode line 4). The first gate line 3 and the first common electrode
line 4 are adjacent to and are on a same side of the row of the plurality of pixel units 2 in plan
view of the array substrate. The first gate line 3 and the first common electrode line 4 are
spaced apart by a gap 6. The light shield 5 is disposed on the base substrate at a position
corresponding to the gap 6 between the first gate line 3 and the first common electrode line 4
(e.g., above or below the gap 6). In FIG. 3, the light shield 5 is disposed on top of the gap 6
to reduce light leakage from the gap 6. The projection of light shield 5 covers the gap 6 in
plan view of the array substrate.By covering the gap 6 between the first gate line 3 and the

first common electrode line 4 with a light shield 5, light leakage can be reduced or
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eliminated.In some embodiments, the light shield 5 at least partially covers the gap 6 for

reducing light leakage from the gap 6.

[0031] In some embodiments, the light shield 5 has a width which is equal to or larger than
a width of the gap 6 but less than the total width of the gap 6, the first gate line 3 and the first
common electrode line 4 altogether. A light shield 5 having such a width can effectively
prevent light leakage in the gap 6. At the same time, the light shield 5 having such a width
minimally affects light transmission in light transmitting areas of the array substrate.
Consequently, the aperture ratio of the display panel is not compromised by having a light
shield 5. Optionally, the width of the light shield 5 equals to the width of the gap 6. In some
embodiments, the width of the light shield 5 is less than the width of the gap 6 but still allows
sufficient reduction of light leakage in the gap 6. In some embodiments, the width of the
light shield 5 is larger than (e.g., slightly larger) the total width of the gap 6, the first gate line
3 and the first common electrode line 4 to ensure complete light blocking. Optionally, the
array substrate includes a first layer having the first gate line 3 and the first common
electrode line 4, and a second layer having the light shield 5. The second layer having the
light shield 5 can be disposed either above or below the first layer having the first gate line 3

and the first common electrode line 4.

[0032] As used herein, the term “same layer” refers to the relationship between the layers
simultaneously formed in the same step. In one example, two electrodes are on the same
layer when the two electrodes are formed as a result of one or more steps of a same patterning
process performed on a same layer of material. In another example, the first gate line 3 and
the first common electrode line 4 can be formed in the same layer by simultaneously
performing the step of forming the first gate line 3 and the step of forming the first common
electrode line 4. The term “same layer” does not always mean that the thickness of the layer

or the height of the layer in a cross-sectional view is the same.

[0033] Referring to FIG. 2, the pixel unit 2 in the embodiment includes a thin film
transistor 21. The thin film transistor 21 includes a gate electrode 210, an active layer 211, a
source electrode 212, and a drain electrode 213. The gate electrode 210 and the first gate line
3 are connected to each other. Optionally,the first layer includes the gate electrode 210, the
first gate line 3, and the first common electrode line 4. Optionally, the second layer includes
the light shield 5, the source electrode 212 and the drain electrode 213 made of a same
material. Accordingly, the source electrode 212, the drain electrode 213, and/or the light
shield 5 can be formed in a same patterning process. The thin film transistor 21 as shown in
FIG. 2 can be a bottom gate type thin film transistor (as shown in FIG. 2) or a top gate type

5
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thin film transistor. The second layer can be disposed above the first layer (as shown in FIG.

2) or below the first layer.

[0034] Optionally, the light shield 5 is integrally formed as a single body with the drain
electrode 213 of the thin film transistor 21. For example, the light shield 5 can be formed by

extending the drain electrode pattern to the area corresponding to the gap 6.

[0035] In the embodiment as shown in FIGs. 2 and 3, the light shield 5 has a width which is
equal to or larger than a width of the gap 6 but less than the total width of the gap 6, the first
gate line 3 and the first common electrode line 4 altogether. The light shield 5 partially
overlaps with the first gate line 3 and the first common electrode line 4, and forms
capacitance with them. During image display, the voltages on the first gate line 3 and the
first common electrode line 4 induce an electrical field with the light shield 5. The induced

electrical field causes disturbance in the liquid crystal layer of the display panel.

[0036] Referring to FIGs. 2 and 3, the pixel unit in the embodiment further includes a pixel
electrode 22 above the light shield 5. For example, the pixel electrode 22 can beon top of the
light shield 5 to shield the liquid crystal layer from electrical field induced by the light shield
5. To optimize the electrical field shielding effect, the pixel electrode 22 may be disposed to
substantially completely cover the light shield 5 in plan view of the array substrate. By
having a pixel electrode 22 that substantially completely covers the light shield 5, the induced
electrical field can be effectively shielded. The disturbance in the liquid crystal layer can be
effectively reduced or eliminated, thereby enhancing display quality.

[0037] Referring to FIGs. 2 and 3, the pixel unit in the embodiment further includes a
common electrode 23 below the first gate line 3 and the first common electrode line 4, and

connected to the first common electrode line 4.

[0038] Optionally, the pixel unit in the embodiment further includes a common electrode
23 disposed at a position corresponding to the pixel electrode 22. The common electrodes 23
are disposed on top of the pixel electrodes 22. Each of the plurality of pixel electrodes 22 is
above each of the light shield 5. For example, each of the pixel electrodes 22 can be on top
of each of the plurality of light shields 5 to shield the liquid crystal layer from electrical field
induced by the light shield 5. To optimize the electrical field shielding effect, each of the
plurality of pixel electrodes 22 may be disposed to substantially completely cover each of the
plurality of light shields 5 in plan view of the array substrate. Optionally, the light shields 5

are above the first layer having the gate lines 3 and the common electrode lines 4. Optionally,
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the light shields 5 are below the first layer having the gate lines 3 and the common electrode

lines 4.

[0039] Optionally, the pixel unit in the embodiment further includes a common electrode
23 disposed at a position corresponding to the pixel electrode 22. The pixel electrodes 22 are
disposed on top of the common electrodes 23. Each of the plurality of common electrodes 23
is above each of the light shield 5. For example, each of the common electrodes 23 can be
disposed on top of each of the plurality of light shields 5 to shield the liquid crystal layer
from electrical field induced by the light shield 5. To optimize the electrical field shielding
effect, each of the plurality of common electrodes 23 may be disposed to substantially
completely cover each of the plurality of light shields 5 in plan view of the array substrate.
Optionally, the light shields 5 are disposed above the layer having the gate lines 3 and the
common electrode lines 4. Optionally, the light shields 5 are disposed below the layer having

the gate lines 3 and the common electrode lines 4.

[0040] The array substrate in the embodiment is an Advanced Super Dimension Switch
(ADS) mode array substrate. In an ADS mode display panel, the color filter is prone to shift
relative to the array substrate in response to external pressure. As a result, the black matrix
on the color filter also shifts relative to the array substrate, and no longer covers the gap arca
6 between the first gate line 3 and the first common electrode line 4. By covering the gap 6
between the first gate line 3 and the first common electrode line 4 with a light shield 5, light
leakage can be reduced or eliminated when the leaking light cannot be blocked by the black
matrix. Optionally, the array substrate may be an array substrate of other modes, e.g., a
Twisted Nematic (TN) mode array substrate. In a TN mode array substrate, the common

electrode 23 is disposed on the color filter.

[0041] In some embodiments, the display panel is a touch display panel, e.g., a resistive,

capacitive, optical, sound wave, or electromagnetic touch display panel.

[0042] The present disclosure also provides a method of manufacturing an array substrate.
In some embodiments, the method includes forming an array of pixel units, gate lines, and
common electrode lines on a base substrate, and forming light shields. The plurality of gate
lines defines a plurality of rows of pixel units (FIG. 2), and each row of the pixel units
corresponds to one gate line (i.e., a first gate line) and one common electrode line (i.e., a first
common electrode line). In some embodiments, the method includes forming a row of a
plurality of pixel unitson a base substrate, forming a first gate line and a first common

electrode lines, and forming a light shield. The first gate line and the first common electrode
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line are adjacent to and are on the same side (e.g., a first side) of a row of the pixel units in
plan view of the array substrate. The first gate line and the first common electrode line are
spaced apart by a gap. The light shield is disposed at a position corresponding to the gapfor
reducing light leakage from the gap, e.g., the projection of light shield covers the gapin plan
view of the array substrate. The light shield can be disposed either above or below the layer
having the first gate line and the first common electrode line. The gate lines and the common
electrode lines can be made of a same material and formed in a same patterning process. In
some embodiments, the light shield at least partially covers the gapfor reducing light leakage
from the gap.

[0043] The process of forming an array of pixel units includes a process of forming an
array of thin film transistors, e.g., forming gate electrodes, active layers, source electrodes
and drain electrodes. The gate electrodes and the gate lines can be made of a same material
and formed in a same patterning process. Optionally, the gate lines, the common electrode
lines, and the gate electrodes of the thin film transistor are all made of a same material and
formed in a first patterning process (i.c., a first layer). The source electrodes and the drain
electrodes can made of a same material and formed in a same patterning process. Optionally,
the light shields, the source electrodes, and the drain electrodes are all made of a same
material and formed in a second patterning process (i.e., a second layer). Optionally, an
insulating layer is disposed between the second layer having the light shields and the first
layer having the gate lines and the common electrode lines. The first patterning process can
be conducted prior to the second patterning process. As a result, the second layer is above
the first layer. Alternatively, the second patterning process is conducted prior to the first

patterning process. Consequently, the second layer is below the first layer.

[0044] The process of forming pixel units also includes a process of forming pixel
electrodes. In some embodiments, each of the pixel electrodes is on top of each of the light
shields, andsubstantially completely covers each of the corresponding light shields in plan
view of the array substrate. As discussed above, the light shield partially overlaps with and
forms capacitance with the gate line and the common electrode line. During image display,
the voltages on the gate line and the common electrode line induce an electrical field with the
light shield. By forming a pixel electrode that substantially completely covers the light shield,
the induced electrical field can be effectively shielded. The disturbance in the liquid crystal

layer can be effectively reduced or eliminated, thereby enhancing display quality.
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[0045] Optionally, a passivation layer is disposed between the pixel electrodes and the light
shields. The passivation layer may include a via through which the pixel electrode is

connected to the drain electrode of the thin film transistor.

[0046] In some embodiments, the process of forming an array of pixel units includes a
process of forming an array of common electrodes and forming an array of pixel electrodes.
The pixel electrodes are above the light shield. For example, the pixel electrode can be
disposed on top of the light shield to shield the liquid crystal layer from electrical field
induced by the light shield. To optimize the electrical field shielding effect, each of the pixel
electrodes may be disposed to substantially completely cover each of the light shields in plan

view of the array substrate.

[0047] In some embodiments, the common electrodes are below the gate lines and the
common electrode lines. Optionally, the light shields are above the gate lines and the
common electrode lines. Optionally, the light shields are below the gate lines and the

common electrode lines.

[0048] In some embodiments, the process of forming pixel units includes a process of
forming common electrodes and forming pixel electrodes. The common electrodes are
disposed on top of the pixel electrodes. Each of the plurality of pixel electrodes is above each
of the light shield. For example, each of the pixel electrodes can be on top of each of the
plurality of light shields to shield the liquid crystal layer from electrical field induced by the
light shield. To optimize the electrical field shielding effect, each of the plurality of pixel
electrodes may be disposed to substantially completely cover each of the plurality of light
shields in plan view of the array substrate. Optionally, the light shields are above the first
layer having the gate lines and the common electrode lines. Optionally, the light shields are

below the first layer having the gate lines and the common electrode lines.

[0049] In some embodiments, the process of forming pixel units includes a process of
forming common electrodes and forming pixel electrodes. The pixel electrodes are disposed
on top of the common electrodes. Each of the plurality of common electrodes is above each
of the light shield. For example, each of the common electrodes can be disposed on top of
cach of the plurality of light shields to shield the liquid crystal layer from electrical field
induced by the light shield. To optimize the electrical field shielding effect, each of the
plurality of common electrodes may be disposed to substantially completely cover each of the
plurality of light shields in plan view of the array substrate. Optionally, the light shields are

disposed above the layer having the gate lines and the common electrode lines. Optionally,
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the light shields are disposed below the layer having the gate lines and the common electrode

lines.

[0050] The present disclosure also provides a display panel having an array substrate
described herein or manufactured by a method described herein. The present disclosure
further provides a display device having a display panel described herein. The display device
can be of any type, ¢.g., a mobile phone, a laptop, a television, a display device, a computer, a

digital photo album, a gps, etc.

[0051] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to best explain the principles of the invention
and its best mode practical application, thereby to enable persons skilled in the art to
understand the invention for various embodiments and with various modifications as are
suited to the particular use or implementation contemplated. It is intended that the scope of
the invention be defined by the claims appended hereto and their equivalents in which all
terms are meant in their broadest reasonable sense unless otherwise indicated. Therefore, the
term “the invention”, “the present invention” or the like does not necessarily limit the claim
scope to a specific embodiment, and the reference to exemplary embodiments of the
invention does not imply a limitation on the invention, and no such limitation is to be inferred.
The invention is limited only by the spirit and scope of the appended claims. Moreover, these
claims may refer to use “first”, “second”, etc. following with noun or element. Such terms
should be understood as a nomenclature and should not be construed as giving the limitation
on the number of the elements modified by such nomenclature unless specific number has
been given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments described
by persons skilled in the art without departing from the scope of the present invention as
defined by the following claims. Moreover, no element and component in the present
disclosure is intended to be dedicated to the public regardless of whether the element or

component is explicitly recited in the following claims.

10
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WHAT IS CLAIMED I8S:

1. An array substrate, comprising:

a base substrate;

arow of a plurality of pixel units;and

a first gate line and a first common electrode line adjacent to the row of the
plurality of pixel units and on a first side of the row of the plurality of pixel units in plan view
of the array substrate,wherein the first gate line and the first common electrode line are
spaced apart by a gap; and

a light shield at least partially covering thegap for reducing light leakage from

the gap.
2, The array substrate of claim 1, wherein the light shield is above the gap.
3. The array substrate of claim 1, wherein the light shield is below the
gap.
4. The array substrate of claim 1, wherein the light shield has a width

which is substantially equal to a width of the gap and less than a total width of the gap, the

first gate line and the first common electrode line.

5. The array substrate of claim 1, comprising a first layer comprising the

first gate line and the first common electrode line and a second layer comprising the light
shield.

6. The array substrate of claim5, wherein each of the plurality of pixel
units comprises a thin film transistor comprising a gate electrode, an active layer, a source
electrode, and a drain electrode; the first layer further comprising the gate electrode
connected to the first gate line;the second layer comprising the light shield, the source

electrode and the drain electrode.

7. The array substrate of claim 5, wherein each of the plurality of pixel
units comprises a pixel electrode above the light shield, the pixel electrode substantially

completely covers the light shield in plan view of the array substrate.

8. The array substrate of claim 5, wherein each of the plurality of pixel
unit comprises a common electrode below the first gate line and the first common electrode

line, and connected to the first common electrode line.

11
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9. The array substrate of claim 5, wherein each of the plurality of pixel
units comprises a pixel electrode on top of a common electrode, the common electrode is
above the light shield, the common electrode substantially completely covers the light shield

in plan view of the array substrate.

10.  The array substrate of claim 5, wherein each of the plurality of pixel
units comprises a common electrode on top of a pixel electrode, the pixel electrode is above
the light shield, the pixel electrode substantially completely covers the light shield in plan

view of the array substrate.

11. A display panel comprising an array substrate of any one of claims 1-

10.
12. A display device comprising a display panel of claim 11.

13. A method of manufacturing an array substrate, comprising:

forming a row of a plurality of pixel unitson a base substrate;

forming a first gate line and a first common electrode lines adjacent to the row
of the plurality of pixel units and on a first side of the row of the plurality of pixel units in
plan view of the base substrate, wherein the first gate line and the first common electrode line
are spaced apart by a gap; and

forming a light shield, wherein the light shield at least partially covers the
gapfor reducing light leakage from the gap.

14. The method of claim 13, wherein the light shield is above the gap.
15. The method of claim 13, wherein the light shield is below the gap.

16.  The method of claim 13, wherein the gate line and the common
electrode line are made of a same material and formed in a first patterning process in a first

layer, and the light shield is formed in a second patterning process in a second layer.

17.  The method of claim 16, wherein the step of forming the row of the
plurality of pixel units comprises forming a thin film transistor, comprising:

forming a gate electrode;

forming an active layer; and

forming a source electrode and a drain electrode;
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wherein the gate electrode, the gate line, and the common electrode line are
made of a same material and formed in the first patterning process; the light shield, the source

electrode and the drain electrode are formed in the second patterning process.

18.  The method of claim 16, wherein the step of forming the row of the
plurality of pixel units further comprises:

forming a pixel electrode, the pixel electrode is above the light shield, the
pixel electrodes substantially completely covers the light shield in plan view of the array

substrate.

19.  The method of claim16, wherein the step of forming an array of a
plurality of pixel units further comprises:

forming a pixel electrode and a common electrode;

wherein the common electrodes is on top of the pixel electrode, the pixel
electrode is above the light shield, the pixel electrode substantially completely covers the

light shield in plan view of the array substrate.

20.  The method of claim16, wherein the step of forming an array of a
plurality of pixel units further comprises:

forming a pixel electrode and a common electrode;

wherein the pixel electrode is on top of the common electrode, the common
electrode is above the light shield, the common electrode substantially completely covers the

light shield in plan view of the array substrate.
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