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Array Substrate, Method of Fabricating Array Substrate, Display Panel, and
Display Device

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date of Chinese Patent Application No.
201610922107.0 filed on October 21, 2016, the entire disclosure of which is hereby

incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to touch display technologies, and in
particular, to an array substrate, a method of fabricating the array substrate, a display

panel including the array substrate, and a display device including the display panel.

BACKGROUND

[0003] With the rapid development of display technologies, the convenience of touch panels
(TP) has transformed them into an integral part of people’s work and lives. In particular,
in-cell capacitive-type touch panels are among the most widely used display technologies
in existence today.

[0004] In conventional techniques, in order to shield electrodes (for example, pixel electrodes)
from interference, widths of touch electrode leads are widened. However, increasing the
width of a touch electrode lead can prevent the proper re-alignment of liquid crystal
molecules located on the periphery of a pixel electrode, which in turn may prevent light
from passing through the periphery of the pixel eclectrode and limit the overall

transmittance of the touch panel.

BRIEF SUMMARY

[0005] One embodiment of the present disclosure is an array substrate. The array substrate
may comprise a base substrate comprising a display region and a non-display region; and
an electrode stack on the display region of the base substrate. The electrode stack may
comprise a first electrode layer; a second electrode layer on a different plane of the
electrode stack from the first electrode layer; a plurality of touch electrode leads; and at
least one first transparent auxiliary electrode line. The first electrode layer may comprise
a plurality of first transparent electrodes configured to function as a common electrode

and a touch electrode on a time-sharing basis. Each of the first transparent electrodes may
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comprise a plurality of sub-electrodes. The second electrode layer may comprise a
plurality of second transparent electrodes. At least one of the plurality of touch electrode
leads may be in contact with a sub-clectrode. At least one of the plurality of touch
electrode leads may not be in contact with a sub-electrode and may be between two sub-
electrodes. At least one first transparent auxiliary electrode line may connect the two sub-
electrodes having the touch electrode lead therebetween.

[0006] In at least some embodiments, at least one first transparent auxiliary electrode line is
on a side of the touch electrode leads opposite from the base substrate.

[0007] In at least some embodiments, an array substrate according to the present disclosure
may further comprise at least one data line between adjacent second transparent
clectrodes. At least one data line may extend in a first extension direction. Touch
electrode leads may extend in a second extension direction that is parallel to the first
extension direction. At least one first transparent auxiliary electrode line may be on a side
of the at least one data line opposite from the base substrate.

[0008] In at least some embodiments, a width of the at least one first transparent auxiliary
electrode line is larger than a width of the at least one data line.

[0009] In at least some embodiments, at least one first transparent auxiliary electrode line
forms a T-shape.

[0010] In at least some embodiments, an array substrate according to the present disclosure
may further comprise at least one second transparent auxiliary electrode line in a same
plane of the electrode stack as the at least one first transparent auxiliary electrode line. At
least one second transparent auxiliary electrode line may be on the at least one touch
electrode lead that is in contact with the sub-electrode.

[0011] In at least some embodiments, at least one first transparent auxiliary electrode line is
in a same plane of the electrode stack as the second electrode layer. At least one first
transparent auxiliary electrode line may be insulated from the second electrode layer.

[0012] In at least some embodiments, the first electrode layer is between the second electrode
layer and the base substrate.

[0013] In at least some embodiments, an array substrate according to the present disclosure
may further comprise a first passivation layer between the first electrode layer and the
base substrate. The first electrode layer and the touch electrode lines may be above the
first passivation layer.

[0014] In at least some embodiments, an array substrate according to the present disclosure

may further comprise a second passivation layer above the first electrode layer and the
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touch electrode lines. The second passivation layer may comprise at least one pair of
through-holes. At least one first transparent auxiliary electrode line may connect the two
sub-electrodes having the touch electrode lead therebetween through at least one pair of
through-holes.

[0015] In at least some embodiments, at least two touch clectrode leads are in contact with
respective ones of the plurality of sub-electrodes.

[0016] Another embodiment of the present disclosure is a method for fabricating an array
substrate. The method may comprise forming a first pattern on a base substrate, the first
pattern comprising a first electrode layer that comprises a plurality of first transparent
electrodes; forming a second pattern on the base substrate, the second pattern comprising
a plurality of touch electrode leads; after forming the first pattern and the second pattern,
forming a third pattern comprising (i) a second electrode layer that comprises a plurality
of second transparent electrodes, and (ii) at least one first transparent auxiliary electrode
line. In the second pattern, each of the touch electrode leads may extend in one of a
plurality of non-overlapping extension paths. In forming the second pattern, at least one
of the touch electrode leads may be in contact with the first electrode layer, and at least
one of the touch electrode leads not in contact with the first electrode layer may divide
each of the first transparent electrodes positioned on the extension path of the at least one
touch electrode lead not in contact with the first electrode layer into adjacent sub-
electrodes.

[0017] In at least some embodiments, in forming the third pattern, the at least one first
transparent auxiliary electrode line may connect the adjacent sub-electrodes having the
touch electrode line therebetween. In at least some embodiments, the third pattern further
comprises at least one second transparent auxiliary electrode line.

[0018] In at least some embodiments, a method for fabricating an array substrate according to
the present disclosure may further comprise forming at least one data line between
adjacent second transparent electrodes.

[0019] In at least some embodiments, a width of the at least one first transparent auxiliary
electrode line is larger than a width of the at least one data line.

[0020] In at least some embodiments, a method for fabricating an array substrate according to
the present disclosure may further comprise forming a first passivation layer between the

base substrate and the first electrode layer.
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[0021] In at least some embodiments, a method for fabricating an array substrate according to
the present disclosure may further comprise forming a second passivation layer above the
first electrode layer and the touch electrode lines.

[0022] Another embodiment of the present disclosure is a touch display panel. The touch
display panel may comprise an array substrate as described above; a panel substrate
facing the array substrate, the panel substrate being aligned with the array substrate; and a
liquid crystal layer between the array substrate and the panel substrate.

[0023] Another embodiment of the present disclosure is a display device. The display device
may comprise a touch panel as described above; and an integrated circuit chip on the non-

display region of the array substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter which is regarded as the invention is particularly pointed out and
distinctly claimed in the claims at the conclusion of the specification. The foregoing and
other objects, features, and advantages of the present disclosure are apparent from the
following detailed description taken in conjunction with the accompanying drawings in
which:

[0025] FIG. 1 shows a top view of a related array substrate.

[0026] FIG. 2a shows a top view of an array substrate according to an embodiment of the
present disclosure.

[0027] FIG. 2b shows a cross-section of FIG. 2a along the A-A’ line.

[0028] FIG. 3a shows a top view of an array substrate according to another embodiment of
the present disclosure.

[0029] FIG. 3b shows a cross-section of FIG. 3a along the B-B’ line.

[0030] FIG. 4a shows a top view of an array substrate according to another embodiment of
the present disclosure.

[0031] FIG. 4b shows a cross-section of FIG. 4a along the C-C’ line.

[0032] FIG. 4c shows a cross-section of FIG. 4a along the D-D’ line.

[0033] FIG. 5a shows a top view of an array substrate according to another embodiment of
the present disclosure.

[0034] FIG. 5b shows a cross-section of FIG. 5a along the F-F’ line.

[0035] FIG. 6a shows a top view of an array substrate according to another embodiment of
the present disclosure.

[0036] FIG. 6b shows a cross-section of FIG. 6a along the E-E’ line.
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DETAILED DESCRIPTION

[0037] Next, the embodiments of the present disclosure will be described clearly and
completely in conjunction with the accompanying drawings, which are described briefly

5 above. The subject matter of the present disclosure is described with specificity to meet
statutory requirements. However, the description itself is not intended to limit the scope
of this disclosure. Rather, the inventors have contemplated that the claimed subject matter

might also be embodied in other ways, to include different steps or elements similar to the

ones described in this document, in conjunction with other present or future technologies.

10  [0038] While the present technology has been described in connection with the embodiments
of the various figures, it is to be understood that other similar embodiments may be used
or modifications and additions may be made to the described embodiment for performing
the same function of the present technology without deviating therefrom. Therefore, the
present technology should not be limited to any single embodiment, but rather should be

15 construed in breadth and scope in accordance with the appended claims. In addition, all
other embodiments obtained by one of ordinary skill in the art based on embodiments
described in this document are considered to be within the scope of this disclosure.

[0039] Conventional fabrication techniques for in-cell capacitive-type touch panels (for
example, as shown in FIG. 1) usually include patterning a transparent electrode layer for

20 driving liquid crystal alignment into a plurality of individual transparent electrodes (the
“first transparent electrodes”). An integrated circuit (IC) chip transmits common electrode
signals and touch signals to the first transparent electrodes on a time-sharing basis, via
touch electrode leads coupled to the first transparent electrodes. The first transparent
electrodes thus double as both a common electrode and a touch electrode.

25  |0040] In an array substrate according to the present disclosure, for example, as shown in
FIGS. 2a, 2b, 3a, 3b, 4a, and 5a, a first electrode layer comprising a plurality of first
transparent electrodes 10 and a second electrode layer comprising a plurality of second
transparent electrodes 30 are disposed on a base substrate. The base substrate comprises a
display region 01 and a non-display region 02. The non-display region 02 is located

30 outside of the display region O1.

[0041] The first electrode layer and the second electrode layer are arranged in an electrode
stack. The first transparent electrodes 10 and the second transparent electrodes 30 are
disposed on different planes of the electrode stack. Each first transparent electrode 10

comprises a plurality of sub-electrodes 101 that are spaced apart from each other in at
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least the transverse direction of the base substrate. Each first transparent electrode 10 is
configured to function as a common electrode and a touch electrode on a time-sharing
basis. The second transparent electrodes 30 are arranged in an array on a first transparent
electrode 10. Optionally, the second transparent electrodes 30 are spaced apart from each

other in both a longitudinal direction and a transverse direction of the base substrate.

[0042] At least one touch electrode lead 20 is disposed on the electrode stack. In at least

some embodiments, the touch electrode lead 20 may be disposed directly on the base
substrate. The touch electrode lead 20 may form a protrusion that protrudes upwardly and
away from the base substrate. The touch electrode leads 20 extend along non-overlapping
extension paths into the non-display region 02 of the base substrate. The touch electrode
lead 20 may be composed of a metallic material. At least one touch electrode lead 20 is in
contact with a first transparent clectrode 10. More particularly, at least one touch
electrode 20 is in contact with a sub-electrode 101 of a first transparent electrode 10. The
contact may be an electrical contact. In at least some embodiments where a plurality of
touch electrode leads 20 are disposed on the electrode stack, a touch electrode lead 20 not
in contact with a sub-electrode 101 is disposed between two sub-electrodes 101 that are
adjacent to each other in the transverse direction of the base substrate, for example, as
shown in FIGS. 2a and 2b. More particularly, during fabrication, the first electrode layer
is patterned in a manner where a portion of the touch electrode leads 20 divide each first
transparent electrode 10 positioned on the extension paths of the touch electrode leads 20
into adjacent sub-clectrodes 101 that are separated by a width of the extension path
between the sub-electrodes. Such an arrangement can minimize the risk of the touch
electrode leads 20 coming into unwanted electrical contact with other sub-electrodes 101
during fabrication, for example, when running the touch electrode leads 20 through the

non-display region 02 of the base substrate.

[0043] Optionally, at least two touch electrode leads 20 are in contact with the first

transparent electrode 10. This can reduce the resistance of the touch electrode leads 20.

[0044] There are no particular limitations on the arrangement of the first transparent

electrodes 10 and the touch electrode leads 20 relative to each other. For example, in
some embodiments, the touch electrode leads 20 may be formed first on the base
substrate, followed by the first transparent electrodes 10, in which case the sub-electrode
101 in contact with a touch electrode lead 20 is disposed on the touch electrode lead 20.

In other embodiments, the first transparent electrodes 10 may be formed first on the base
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substrate, followed by the touch electrode leads 20, in which case the sub-electrode 101 in

contact with a touch electrode lead 20 is disposed underneath the touch electrode lead 20.

[0045] The position of the portion of the touch electrode lead 20 that is electrically connected

to the first transparent electrode 10 determines the direction in which the touch electrode
lead 20 will be extended. On this basis, the direction in which the first transparent
electrodes 10 will be arranged (i.e., along the extension direction of the touch electrode

lead 20) can also be determined.

[0046] At least one data line 60 is disposed on the base substrate. In at least some

embodiments, the data line 60 is disposed directly on the base substrate. The data line 60
may form a protrusion that protrudes upwardly and away from the base substrate. As
shown in FIGS. 4a, 5a, and 6a, the data line 60 may be disposed between two second
transparent electrodes 30 that are adjacent to each other in the transverse direction of the

base substrate.

[0047] The touch electrode lead 20 extends in a direction parallel to the extension direction

of the data line 60. The touch electrode lead 20 may be positioned to face the data line 60
(for example, as shown in FIGS. 4b, 5b, and 6b). Optionally, the surface of the touch
electrode lead 20 facing the data line 60 has a surface area that is larger than the surface
area of the surface of the data line 60 facing the touch electrode lead 20. Optionally, the
surface of the touch electrode lead 20 can cover an entirety of the opposing surface of the
data line 60. In at least some embodiments, a data line 60 and a touch electrode lead 60
are both disposed between two adjacent sub-electrodes 101. For example, as shown in
FIGS. 4c, 5b, and 6b, a data line 60 and a touch electrode lead 20 not in contact with a

sub-electrode 101 are both disposed between two adjacent sub-electrodes 101.

[0048] Optionally, the width of the touch electrode lead 20 may be smaller than the width of

the data line 60. Optionally, the width of the first transparent auxiliary electrode line 50 is
about 60% to about 100% of the width of the data line 60. Also optionally, an insulation

layer may insulate the touch electrode lead 20 from the data line 60.

[0049] A plurality of first transparent auxiliary electrode lines 40 are disposed on the base

substrate. A first transparent auxiliary electrode line 40 electrically connects two adjacent
sub-electrodes 101 having a touch electrode lead 20 disposed therebetween, for example,
as shown in FIG. 2b. The first transparent auxiliary electrode line 40 may form a
protrusion that protrudes upwardly and away from the base substrate. The first transparent
auxiliary electrode line 40 may be disposed on a touch electrode lead 20, for example, as

shown in FIGS. 2b, 3b, and 4c. The first transparent auxiliary electrode line 40 may be
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formed of a transparent conductive material, for example, an indium tin oxide (ITO)
material.

[0050] The first transparent auxiliary electrode line 40 may be disposed on a side of the data
line 60 opposite from the base substrate, for example, as shown in FIG. 4c. The first

5 transparent auxiliary electrode line 40 may be positioned to cover the data line 60.
Optionally, a first transparent auxiliary electrode line 40 may cover an entirety of a
surface of the data line 60 facing the first transparent auxiliary electrode line 40. The first
transparent auxiliary electrode line 40 may extend in a direction parallel to the extension
direction of the data line 60.

10  [0051] In at least some embodiments, the width of the first transparent auxiliary electrode
line 40 is larger than the width of the data line 60. However, the specific width of the first
transparent auxiliary electrode line 40 is not particularly limited, as long as the width is
larger than that of the data line 60 and is capable of shielding the second transparent
electrode 30 from data line interferences.

15  [0052] In at least some embodiments, to further strengthen the shielding effect of the first
transparent auxiliary electrode line 40, the length of the first transparent auxiliary
electrode line 40 in the extension direction of the data line 60 is longer than or equal to
the length of the adjacent sub-electrodes 101. In alternative embodiments of the present
disclosure, the length of a first transparent auxiliary electrode line 40 may be shorter than

20 the length of the adjacent sub-electrode 101.

[0053] When the length of the first transparent auxiliary electrode line 40 is too long, an
inadvertent electrical connection could form during fabrication between the first
transparent auxiliary electrode line 40 and other transparent auxiliary electrode lines
located above or below the data line 60. Such an electrical connection can cause short-

25 circuiting. Therefore, the length of the first transparent auxiliary electrode line 40 in the
extension direction of the data line 60 is preferably equal to the length of the adjacent
sub-electrodes 101.

[0054] In at least some embodiments, for example, as shown in FIGS. 4a and 5a, the first
transparent auxiliary electrode line 40 may form a T-shape. The vertical portion of the T-

30 shape is parallel to an extension direction of the data line 60. Each of the two ends of the
horizontal portion of the T-shape is electrically connected to a sub-electrode 101. A first
transparent auxiliary electrode line 40 thus configured can reduce the risk of a short-
circuit, for example, during fabrication of the first transparent auxiliary electrode line 40

and the second transparent electrodes 30.



10

15

20

25

30

WO 2018/072440 PCT/CN2017/085305

[0055] Further as shown in FIGS. 4a and 5a, the width of the vertical portion of the T-shape

may be larger than a separation distance between adjacent sub-electrodes 101, and/or
smaller than a separation distance between adjacent second transparent electrodes 30.
This can improve the shielding effects of the first transparent auxiliary electrode line 40,
increase light intensity at the periphery of a sub-pixel, and improve the quality of a

display.

[0056] In an array substrate according to the present disclosure, the first transparent auxiliary

electrode line 40 electrically connects adjacent sub-electrodes 101 of the first transparent
electrode 10 having a touch electrode lead 20 disposed therebetween, and the width of the
first transparent auxiliary electrode line 40 is larger than the width of the data line 60. The
first transparent auxiliary electrode line 40 thus configured can shield the second
transparent electrodes 30 (which may be pixel electrodes) not only from interference by
the data line 60, but also from cross-interference between adjacent second transparent
electrodes 30. Unlike existing technologies, the present disclosure makes it unnecessary
to increase the width of the touch electrode lead 20, in order to shield the second
transparent electrodes 30 from interferences. As a result, the array substrate of the present
disclosure avoids problems that may arise from increasing the touch electrode lead width,
including low light transmittance in the periphery of a sub-pixel. The first transparent
auxiliary electrode line 40 of the present disclosure can extend a pixel’s effective fringing
field for detecting touch on a touch display device, improve light intensity at the

periphery of a sub-pixel, and improve the quality of a display.

[0057] As shown in FIGS. 3a and 3b, as well as in FIG. 6a, an array substrate according to

the present disclosure may further comprise a plurality of second transparent auxiliary
electrode lines 50. A second transparent auxiliary electrode line 50 may be disposed on
the electrode stack. More particularly, at least one of the second transparent auxiliary
electrode lines 50 may be disposed on a touch electrode lead 20 in contact with a first
transparent electrode 10, and may be electrically connected to the first transparent

electrode 10 in contact with the touch electrode lead 20.

[0058] The second transparent auxiliary electrode lines 50 may be formed in the same plane

of the electrode stack as the first transparent auxiliary electrode line 40. When the first
and second transparent auxiliary electrode lines 40, 50 are formed in the same plane, they
can be formed in a single patterning process. The second transparent auxiliary electrode

line 50 may be formed of a transparent conductive material, for example, an indium tin
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oxide (ITO) material. Optionally, the first and second transparent auxiliary electrode liens
40, 50 are composed of the same material.

[0059] In an array substrate according to the present disclosure, the second transparent
auxiliary electrode line 50 and its configurations, particularly with respect to the touch
electrode lead 20 and the sub-electrode 101, help ensure satisfactory light transmittance at
the periphery of a sub-pixel, and increase light intensity at the periphery of the sub-pixel.
Further, since the first and second transparent auxiliary electrode lines 40, 50 can be
formed in the same patterning process, this reduces the amount of patterning necessary to
form the array substrate, and therefore, the associated production costs.

[0060] Optionally, the first transparent auxiliary electrode lines 40 are insulated from the
second transparent electrodes 30. Also optionally, the first transparent auxiliary electrode
lines 40 are formed in the same plane as the second transparent electrodes 30. These
configurations are illustrated in FIGS. 4¢ and 6b.

[0061] As shown in FIGS. 6a and 6b, when an array substrate includes second transparent
auxiliary electrode lines 50, the first and second transparent auxiliary electrode lines 40,
50 may be formed in the same plane as the second transparent electrodes 30. This reduces
the amount of patterning necessary to make the array substrate.

[0062] An array substrate according to the present disclosure can be incorporated into a touch
display device. When the touch display device performs a display function, the first
transparent electrodes 10 are configured to function as common electrodes. When the
touch display device performs a touch sensing function, the first transparent electrodes 10
are configured to function as touch electrodes.

[0063] The second transparent electrodes 30 are configured to function as pixel electrodes.
When the first transparent electrodes 10 are in the “common electrode” mode, the second
transparent electrodes 30 and the first transparent electrodes 10 generate an electric field
that drives the realignment of liquid crystal molecules. When the first transparent
electrodes 10 are in the “touch electrode” mode, the second transparent electrodes 30 are
in “inactive” and perform no functions. As a touch electrode for determining the position
of a touch input on the touch display, the first transparent electrodes 10 may be
configured as self-capacitive electrodes. In that case, the first transparent electrodes 10
may be configured to perform self-capacitive detection according to any manner known
to a person of ordinary skill in the art.

[0064] The display region 01 of an array substrate according to the present disclosure

comprises a plurality of sub-pixels. Each sub-pixel comprises a single second transparent

10
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electrode 30. Practically speaking, to enable the touch sensing functions in a touch
display device, the touch display portion occupies a considerably larger surface area than
the sub-pixels. Accordingly, the second transparent electrodes 30 generally have a small
size, while the first transparent electrodes 10 need not be made as small as the second
transparent electrodes 30. A first transparent electrode 10 may be sized to encompass a
plurality of sub-pixels (for example, less than 10, more than 10, several tens of sub-pixels,
and the like).

[0065] Each sub-pixel also comprises a thin film transistor 80 (TFT). Optionally, when

performing a display function, the gate line 70 drives the TFT 80, and the data line 60
then transmits data signals from a drain electrode of the TFT 80 to the second transparent

electrode 30.

[0066] As shown in FIG. 4a, the gate line 70 may act directly as a gate electrode for the TFT

80, and the data line 60 may act directly as a source electrode for the TFT 80. The TFT 80
may be an amorphous silicon (a-Si) TFT, a poly-silicon (p-Si) TFT, a metal oxide TFT,
an organic TFT, and the like. The TFT 80 may be a “bottom gate”-type TFT or a “top
gate”-type TFT. That is, there are no particular limitations on the TFT, which may be any
suitable TFT known to a person of ordinary skill in the art.

[0067] Since existing technologies dispose the second transparent electrodes 30 between the

base substrate and the first transparent electrodes 10 (that is, without a first transparent
auxiliary electrode line 40 according to the present disclosure), passivation layers are
usually omitted from between the second transparent electrodes 30 and the drain
electrodes of the TFT 80, in order to reduce the amount of necessary patterning. However,
in an array substrate according to the present disclosure, the absence of a passivation
layer between second transparent electrodes 30 and the drain electrodes of the TFT 80 can
cause unwanted electrical connections between data lines 60 and first transparent
auxiliary electrode lines 40. A passivation layer is therefore necessary in an array
substrate according to the present disclosure. At first glance, this passivation layer would
seem to add one more patterning process to the present disclosure as compared to existing
technologies. However, when the first transparent electrodes 10 are provided between the
base substrate and the second transparent electrodes 30, a passivation layer is not only
provided between the first transparent electrodes 10 and TFT 80, but a passivation layer is
also provided between the first transparent electrodes 10 and the second transparent
electrodes 30. Thus, as will be described in detail later, forming the first transparent

auxiliary electrode lines 40, or even the first transparent auxiliary electrode lines 40 and

11
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the second transparent auxiliary electrode lines 50 in the same plane of the electrode stack,
in fact does not increase the number of patterning processes necessary to form the array
substrate.

[0068] Based on the foregoing, in an array substrate according to the present disclosure, the
first transparent electrodes 10 are therefore disposed between the base substrate and the
second transparent electrodes 30, for example, as shown in FIGS. 4a to 4c, as well as in
FIGS. 6a and 6b.

[0069] Optionally, the touch electrode leads 20 are also disposed between the base substrate
and the second transparent electrodes 30. This way, when the array substrate is
performing a display function, the first transparent auxiliary electrode lines 40, being in
the same plane the second transparent electrodes 30, can thus block the touch electrode
leads 20 from interfering with the display.

[0070] As shown in FIGS. 4a, 5a, and 6a, the TFT 80 is disposed close to the base substrate,
and the first passivation layer 901 is disposed above the TFT 80. The first transparent
electrodes 10 and the touch electrode leads 20 are disposed above the first passivation
layer 901. The second passivation layer 902 is disposed on a side of the first transparent
electrodes 10 and the touch electrode leads 20 opposite from the first passivation layer
901. The second transparent electrodes 30 and the first transparent auxiliary electrode
lines 40 are disposed above the second passivation layer 902. The first transparent
auxiliary electrode lines 40 electrically connect adjacent sub-electrodes 101 of the first
transparent electrodes 10 via through-holes in the second passivation layer 902.

[0071] When an array substrate includes second transparent auxiliary electrode lines 50, for
example, as shown in FIGS. 6a and 6b, the second transparent auxiliary electrode lines 50
are disposed above the second passivation layer 902.

[0072] The present disclosure also provides a display panel comprising an array substrate as
described above; a panel substrate facing the array substrate, the panel substrate being
aligned with the array substrate; and a liquid crystal layer disposed between the array
substrate and the panel substrate.

[0073] Optionally, the panel substrate may comprise a black matrix layer and a color film.

[0074] The arrangement of the color film is not particularly limited. That is, the color film
may be disposed on the array substrate, instead of the panel substrate.

[0075] In a display panel according to the present disclosure, the array substrate comprises
first transparent auxiliary electrode lines 40 that electrically connect adjacent sub-

electrodes 101 of the first transparent electrodes 10 having a touch electrode lead 20
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disposed therebetween, and the width of the first transparent auxiliary electrode lines 40
are larger than the width of the data lines 60. The first transparent auxiliary electrode lines
40 thus configured can shield the second transparent electrodes 30 (which may be a pixel
electrode) not only from interference by the data lines 60, but also from mutual
interference between adjacent second transparent electrodes 30. As compared to existing
technologies, there is no longer a need to increase the width of the touch electrode leads
20 on the array substrate, in order to obtain similar shielding effects as described above.
The array substrate of the present disclosure thus avoids problems that may arise from
increasing the touch electrode lead width, including low light transmittance in the
periphery of a sub-pixel. The first transparent auxiliary electrode lines 40 can extend a
pixel’s effective fringing field for detecting touch on a touch display device, improve
light intensity at the periphery of the sub-pixel, and improve the quality of a display on
the display panel.

[0076] The present disclosure also provides a display device. The display device comprises a
display panel as described above; and an integrated circuit (IC) chip 03 disposed on the
non-display region 02 of the array substrate, the touch electrode leads 20 on the array
substrate being electrically connected to the IC chip 03, for example, as shown in FIGS.
2a and 3a.

[0077] A display device according to the present disclosure may be a liquid crystal-type
device, for example, a liquid crystal display (LCD), an LCD television, a notebook
computer, a digital photo frame, a tablet computer, and any other display products or
components.

[0078] The present disclosure also provides a method of fabricating the array substrate, for
example, as shown in FIGS. 2a and 2b, 3a and 3b, 4a, and 5a.

[0079] The method comprises forming a first electrode layer comprising a plurality of first
transparent electrodes 10 and a second electrode layer comprising a plurality of second
transparent electrodes 30 on a display region 01 of a base substrate. The first electrode
layer and the second electrode layer are arranged in an electrode stack, and the first
electrode layer and the second electrode layer are formed on different planes of the
electrode stack. The method further comprises forming a plurality of data lines 60 on the
electrode stack, the data lines being disposed between adjacent second transparent
electrodes 30.

[0080] The method further comprises forming a plurality of touch electrode leads 20 on the

electrode stack, the touch electrode leads 20 covering at least a portion of the data lines
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60. The touch electrode leads 20 extend along non-overlapping extension paths in a
direction parallel to the extension direction of the data lines 60 into the non-display region
02 of the base substrate. At least one touch electrode lead 20 is in contact with a first
transparent electrode 10, which contact may be an electrical contact. The touch electrode
lead 20 and the first transparent electrode 10 contacting the touch electrode lead 20 are
disposed on different planes of the electrode stack. Each touch electrode lead 20 not in
contact with a first transparent electrode 10 divides each first transparent electrode 10
positioned on the extension path of the touch electrode lead 20 into adjacent sub-

electrodes 101 that are separated by a width of the extension path.

[0081] The method further comprises forming a plurality of first transparent auxiliary

electrode lines 40 on a side of the data lines 60 opposite from the base substrate. Each
first transparent auxiliary electrode line 40 covers an entirety of a surface of the data line
60 facing the first transparent auxiliary electrode line 40. Each first transparent auxiliary
electrode line 40 electrically connects a pair of adjacent sub-electrodes 101. A width of

the first transparent auxiliary electrode lines 40 is larger than a width of the data lines 60.

[0082] The present disclosure provides a method of fabricating an array substrate, which

method comprises forming first transparent auxiliary electrode lines 40 that electrically
connect adjacent sub-electrodes 101 having a touch electrode lead 20 disposed
therebetween. Further, the width of the first transparent auxiliary electrode lines 40 is
larger than the width of the data lines 60. The first transparent auxiliary electrode lines 40
thus formed can shield the second transparent electrodes 30 (which may be pixel
electrodes) not only from interference by the data lines 60, but also from cross-
interference between adjacent second transparent electrodes 30. The present disclosure
thus removes the need to increase the width of the touch electrode leads 20 on the array
substrate, in order to accomplish the above-described shielding effects. This avoids
problems that may arise from increasing the touch electrode lead width, including low
light transmittance in the periphery of a pixel. The first transparent auxiliary electrode
lines 40 can extend a pixel’s effective fringing field for detecting touch on a touch display
device, improve light intensity at the periphery of the sub-pixel, and improve the quality

of display on a display panel using the array substrate.

[0083] As shown in FIGS. 3a and 3b, as well as in FIG. 6a, the method of fabricating an

array substrate according to the present disclosure may further comprise forming a
plurality of second transparent auxiliary electrode lines 50 on the electrode stack. At least

one of the second transparent auxiliary electrode lines 50 is disposed on the touch
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electrode lead 20 in contact with the first transparent electrode 10, and is electrically
connected to that first transparent electrode 10. The second transparent auxiliary electrode
lines 50 and the first transparent auxiliary electrode lines 40 are formed in the same
patterning process.

[0084] In the present disclosure, the second transparent auxiliary electrode line 50 and its
configurations with respect to the touch electrode lead 20 and the first transparent
electrode 10 in contact with the touch electrode lead 20 help ensure satisfactory light
transmittance at the periphery of a sub-pixel, and increase light intensity at the periphery
of a sub-pixel. Further, since the first and second transparent auxiliary electrode lines 40,
50 can be formed in the same patterning process, this reduces the amount of patterning
necessary to form the array substrate.

[0085] Optionally, as shown in FIGS. 4a and 4b, as well as in FIGS. 5a and 5b, the first
transparent auxiliary electrode lines 40 are insulated from the second transparent
electrodes 30. Also optionally, the first transparent auxiliary electrode lines 40 are formed
in the same plane in the electrode stack as the second transparent electrodes 30, so that
the first transparent auxiliary electrode lines 40 and the second transparent electrodes 30
can be formed in the same patterning process.

[0086] When an array substrate includes second transparent auxiliary electrode lines 50, for
example, as shown in FIGS. 6a and 6b, the first and second transparent auxiliary
electrode lines 40, 50 and the second transparent electrodes 30 are formed in the same
patterning process. This reduces the number of patterning processes necessary to form the
array substrate.

[0087] As shown in FIGS. 4a to 4c, the forming of the first transparent electrodes 10, the
touch electrode leads 20, the second transparent electrodes 30, and the first transparent
auxiliary electrode lines 40 comprises the following steps:

[0088] S10: Depositing a first passivation thin film on the base substrate having the TFT 80.

[0089] S11: In two patterning processes, forming the first transparent electrodes 10 and the
touch electrode leads 20 on the base substrate having the first passivation thin film. The
touch electrode leads 20 extend along non-overlapping extension paths into the non-
display region 02 of the base substrate. At least one touch electrode lead 20 is in contact
with a first transparent electrode 10. Each touch electrode lead 20 not in contact with a
first transparent electrode 10 divides each first transparent electrode 10 positioned on the
extension path of the touch electrode lead 20 into adjacent sub-electrodes 101 that are

separated by a width of the extension path.
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[0090] There are no particular limitations on the order in which the first transparent

electrodes 10 and the touch electrode leads 20 are formed. For example, in some
embodiments, the touch electrode leads 20 may be formed first on the base substrate,
followed by the first transparent electrodes 10, in which case the first transparent
electrode 10 in contact with a touch electrode lead 20 is disposed on the touch electrode
lead 20. In other embodiments, the first transparent electrodes 10 may be formed first on
the base substrate, followed by the touch electrode leads 20, in which case the first
transparent electrode 10 in contact with a touch electrode lead 20 is disposed underneath

the touch electrode lead 20.

[0091] S12: Depositing a second passivation thin film on the base substrate having the first

transparent electrodes 10 and the touch electrode leads 20. In one patterning process, at
least one pair of first through-holes is formed on a portion of the second passivation thin
film facing a sub-electrode 101; at least one pair of second through-holes is formed on a
portion of the second passivation thin film facing a drain electrode of the TFT 80; the
second passivation thin film is formed into a second passivation layer 902; and the first

passivation thin film is formed into a first passivation layer 901.

[0092] S13: Forming the second transparent electrodes 30 on the base substrate having the

second passivation layer 902, and forming the first transparent auxiliary electrode lines 40
between adjacent sub-electrodes 101 having a touch electrode lead 20 disposed
therebetween. A first transparent auxiliary electrode line 40 electrically connects adjacent
sub-electrodes through the first through-holes. A second transparent electrode 30
electrically connects to the drain electrode of the TFT 80 through the second through-

holes.

[0093] When an array substrate includes second transparent auxiliary electrode lines 50, for

example, as shown in FIGS. 6a and 6b, the second transparent auxiliary electrode lines 50
are formed at the time of forming the first transparent auxiliary electrode lines 40. That is,

the second transparent auxiliary electrode lines 50 are also formed in S13.

[0094] The descriptions of the various embodiments of the present disclosure have been

presented for purposes of illustration, but are not intended to be exhaustive or limited to
the embodiments disclosed. Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope and spirit of the described
embodiments. The terminology used herein was chosen to best explain the principles of

the embodiments, the practical application or technical improvement over technologies
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found in the marketplace, or to enable others of ordinary skill in the art to understand the

embodiments disclosed herein.
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CLAIMS

What is claimed is:

1. An array substrate, comprising;:

a base substrate comprising a display region and a non-display region,

an electrode stack on the display region of the base substrate, the electrode stack
comprising:

a first electrode layer,

a second electrode layer on a different plane of the electrode stack from the
first electrode layer,

a plurality of touch electrode leads, and

at least one first transparent auxiliary electrode line,

wherein:

the first electrode layer comprises a plurality of first transparent electrodes configured
to function as a common electrode and a touch electrode on a time-sharing basis, each of the
first transparent electrodes comprising a plurality of sub-electrodes;

the second electrode layer comprises a plurality of second transparent electrodes;

at least one of the plurality of touch electrode leads is in contact with a sub-electrode;

at least one of the plurality of touch eclectrode leads is not in contact with a sub-
electrode and is between two sub-electrodes; and

the at least one first transparent auxiliary electrode line connects the two sub-
electrodes having the touch electrode lead therebetween.

2. The array substrate according to claim 1, wherein the at least one first transparent
auxiliary electrode line is on a side of the touch electrode leads opposite from the base
substrate.

3. The array substrate according to claim 1, further comprising at least one data line
between adjacent second transparent electrodes,

wherein:

the at least one data line extends in a first extension direction;

the touch electrode leads extend in a second extension direction that is parallel to the
first extension direction; and

the at least one first transparent auxiliary electrode line is on a side of the at least one
data line opposite from the base substrate.

4. The array substrate according to claim 3, wherein a width of the at least one first

transparent auxiliary electrode line is larger than a width of the at least one data line.
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5. The array substrate according to claim 1, wherein the at least one first transparent
auxiliary electrode line forms a T-shape.

6. The array substrate according to claim 1, further comprising at least one second
transparent auxiliary electrode line in a same plane of the electrode stack as the at least one
first transparent auxiliary electrode line,

wherein the at least one second transparent auxiliary electrode line is on the at least
one touch electrode lead that is in contact with the sub-electrode.

7. The array substrate according to claim 1, wherein:

the at least one first transparent auxiliary electrode line is in a same plane of the
electrode stack as the second electrode layer, and

the at least one first transparent auxiliary electrode line is insulated from the second
electrode layer.

8. The array substrate according to claim 1, wherein the first electrode layer is
between the second electrode layer and the base substrate.

9. The array substrate according to claim 1, further comprising a first passivation
layer between the first electrode layer and the base substrate,

wherein the first electrode layer and the touch electrode lines are above the first
passivation layer.

10. The array substrate according to claim 1, further comprising a second passivation
layer above the first electrode layer and the touch electrode lines,

wherein:

the second passivation layer comprises at least one pair of through-holes; and

the at least one first transparent auxiliary electrode line connects the two sub-
electrodes having the touch electrode lead therebetween through the at least one pair of
through-holes.

11. The array substrate according to claim 1, wherein at least two touch electrode
leads are in contact with respective ones of the plurality of sub-electrodes.

12. A method for fabricating an array substrate, comprising:

forming a first pattern on a base substrate, the first pattern comprising a first electrode
layer that comprises a plurality of first transparent electrodes,

forming a second pattern on the base substrate, the second pattern comprising a

plurality of touch electrode leads, and
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after forming the first pattern and the second pattern, forming a third pattern
comprising (i) a second electrode layer that comprises a plurality of second transparent
electrodes, and (ii) at least one first transparent auxiliary electrode line,

wherein in the second pattern, each of the touch electrode leads extends in one of a
plurality of non-overlapping extension paths, and

wherein in forming the second pattern, at least one of the touch electrode leads is in
contact with the first electrode layer, and at least one of the touch electrode leads not in
contact with the first electrode layer divides each of the first transparent electrodes positioned
on the extension path of the at least one touch electrode lead not in contact with the first
electrode layer into adjacent sub-electrodes.

13. The method according to claim 12, wherein in forming the third pattern, the at
least one first transparent auxiliary electrode line connects the adjacent sub-electrodes having
the touch electrode line therebetween.

14. The method according to claim 12, further comprising forming at least one data
line between adjacent second transparent electrodes.

15. The method according to claim 14, wherein a width of the at least one first
transparent auxiliary electrode line is larger than a width of the at least one data line.

16. The method according to claim 12, further comprising forming a first passivation
layer between the base substrate and the first electrode layer.

17. The method according to claim 12, further comprising forming a second
passivation layer above the first electrode layer and the touch electrode lines.

18. The method according to claim 12, wherein the third pattern further comprises at
least one second transparent auxiliary electrode line.

19. A touch display panel, comprising:

the array substrate according to claim 1,

a panel substrate facing the array substrate, the panel substrate being aligned with the
array substrate; and

a liquid crystal layer between the array substrate and the panel substrate.

20. A display device, comprising:

the touch display panel according to claim 19, and

an integrated circuit chip on the non-display region of the array substrate.
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