wo 2016/090942 A 1[I I NPFV 0 00 R R0 O 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/090942 A1l

16 June 2016 (16.06.2016) WIPO I PCT
(51) International Patent Classification: sheng Financial Center, 28 Jianguomennei Avenue,
GO6F 3/041 (2006.01) Dongcheng District, Beijing 100005 (CN).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/CN2015/086944 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
14 August 2015 (14.08.2015) DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
201410764105.4 12 December 2014 (12.12.2014)  CN SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicants: BOE TECHNOLOGY GROUP CO., LTD. . L
[CN/CN]; No.l0 Jiuxiangiao Rd., Chaoyang District, (84) D.e51gnated. States (unle.ss othef"wzse indicated, for every
Beljmg 100015 (CN) HEFEI XINSHENG OPTOELEC- kind Of reglonal p}"O[@C’[ZOI’Z avazlable): ARIPO (BW, GH,
TRONICS TECHNOLOGY CO., LTD. [CN/CN]; Xin- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
zhan Industrial Park, Hefei, Anhui 230012 (CN). TZ, UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Inventors: ZHANG, Ming; No.9 Dize Rd., BDA, Beijing DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
100176 (CN). MA, Guoyong;, No.9 Dize Rd., BDA, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Beijing 100176 (CN). XU, Zouming; No.9 Dize Rd., SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
BDA, Beijing 100176 (CN). HU, Ming; No.9 Dize Rd., GW, KM, ML, MR, NE, SN, TD, TG).
BDA, Beijing 100176 (CN). Published:
(74) Agent: TEE&KHOWE INTELLECTUAL PROPERTY

ATTORNEYS; Yuan CHEN, 10th Floor, Tower D, Min-

with international search report (Art. 21(3))

(54) Title: TOUCH-CONTROL SUBSTRATE, FABRICATION METHOD, AND DISPLAY DEVICE

- FIG. 3

(57) Abstract: A touch-control substrate, a fabrication method of the touch-control substrate, and a display device including the
touch-control substrate are presented. The disclosed touch-control substrate includes a plurality of first electrodes and a plurality of
second electrodes. The first and second electrodes are crossly configured and electrically insulated from one another. Each of the
first and second electrodes includes a plurality of conductive structures. A mark region(8) has an alignment mark(81) and is located
within a region containing the first and second electrodes. At least one of the conductive structures in the mark region(8) is at least
partially absent in the mark region(8). The mark region(8) includes at least one transparent conductive element(5) complementing
the at least partially absent conductive structure and being electrically connected to a corresponding conductive structure outside the
mark region(8) and contained in either one first electrode or one second electrode.



WO 2016/090942 PCT/CN2015/086944

TOUCH-CONTROL SUBSTRATE, FABRICATION METHOD, AND
DISPLAY DEVICE

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the priority of Chinese patent application No.
CN201410764105 .4, filed on December 12, 2014, the entire content of which is

incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the field of touch control
technologies and, more particularly, relates to a touch-control substrate, a fabrication
method of the touch-control substrate, and a display device including the touch-

control substrate.

BACKGROUND

[0003] Conventional touch-control substrate of a touch screen includes a
driving electrode and a sensing electrode, which are crossly configured and
electrically insulated from one another. When touched by a human body or a stylus,
the electric induction (e.g., capacitance) between these two electrodes in the touch
control region may be affected. This affection may be used to determine a touch
position. To reduce resistance, the driving and sensing electrodes are made of silver,
aluminum, and other metals with a low resistance. However, such metals are not

transparent.

[0004] Metal mesh is then used for the driving and sensing electrodes to
provide desired display effect. For example, as shown in FIG. 1, conductive structures
09 are used for driving electrodes 01 and sensing electrodes 02, and may be mesh-
shaped, instead of sheet-shaped. In other words, the driving electrodes 01 and the
sensing electrodes 02 may include a metal mesh having metal grids with a number of
small holes. Because the metal wires in the metal grids are so thin and often invisible
to naked eyes, use of metal mesh will not affect the display effect, while still

providing conductive function.
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[0005] The driving electrodes 01 and the sensing electrodes 02 having the
metal mesh are disposed in a same layer level. To avoid conduction at the intersection
of these two types of electrodes, the conductive structures 09 of one of the electrode
types (for example, the driving electrodes 01) are divided into multiple individual

conductive structures. Adjacent individual conductive structures 09 in a single driving
electrode are electrically connected to each other through conductive bridges 011
made of ITO. An insulating layer may also be formed between the conductive bridges
011 and the conductive structures 09, while the conductive bridges 011 are
electrically connected to the conductive structures 09 through first via-holes 03

formed in the insulating layer.

[0006] The touch-control substrate is formed by using a patterning process.
Obviously, in the patterning process, satisfactory position relationship between
already-formed structure and to-be-formed structure or between the mask and the
touch-control substrate must be assured. For this purpose, alignment marks are often
marked on the touch-control substrate to adjust the position of the mask with respect
to the touch-control substrate. To avoid interfering with display function, such

alignment marks are positioned outside of display region.

[0007] However, under certain circumstances, such alignment marks have to
be positioned within a display region. For example, large size touch-control substrate
with multiple regions for separate exposures may have an exposure region disposed
entirely inside the display region. In this case, the alignment mark corresponding to
this exposure region has to be positioned inside the display region. Although invisible
to naked eyes, metal-mesh-shaped conductive structures may still affect position
alignment of the mask because such metal-mesh-shaped conductive structures may be

detected by alignment equipment.

[0008] As shown in FIG. 2, conventional touch-control substrate has a mark
region 08 enclosing an alignment mark 081. The mark region 08 does not include any
conductive structures. Consequently, due to the absence of conductive structures in
the mark region 08, the mark region does not have any touch sensing (or control)

function. Touch control effect of the touch screen is adversely affected.
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[0009] The disclosed touch-control substrates, fabrication methods thereof,
and display devices including a touch-control substrate are directed to at least partially

alleviate one or more problems set forth above and other problems in the art.

BRIEF SUMMARY OF THE DISCLOSURE

[0010] The present disclosure provides a touch-control substrate, a fabrication
method of the touch-control substrate and a display device, directed to solve the
problem that the mark region of a conventional touch-control substrate may affect the
touch sensing effect.

[0011] One aspect of the present disclosure provides a touch-control substrate.
The disclosed touch-control substrate includes a plurality of first electrodes and a
plurality of second electrodes. The first and second electrodes are crossly configured
and electrically insulated from one another. Each of the first and second electrodes
includes a plurality of conductive structures. A mark region has an alignment mark
and partially overlapping the first and/or second electrodes. At least one of the
conductive structures in the mark region is at least partially absent in the mark region.
The mark region includes at least one transparent conductive element complementing
the at least partially absent conductive structure and being electrically connected to a
corresponding conductive structure outside the mark region.

[0012] Optionally, each first electrode includes a plurality of first conductive
structures that are separated {from one another, at least two adjacent first conductive
structures are electrically connected by a conductive bridge, the first and second
electrodes are arranged in a same layer, and a first insulating layer is disposed
between the conductive bridge and disposed in the same layer containing the first and
second electrodes. The conductive bridge is electrically connected to each of the two
adjacent first conductive structures through a first via-hole formed in the first
insulating layer. The transparent conductive element and the conductive bridge are
arranged in a same layer. The transparent conductive element is electrically
connected to the corresponding conductive structure through a second via-hole
formed in the first insulating layer.

[0013] Optionally, the transparent conductive element is configured to
partially overlap with the corresponding, complemented conductive structure

providing an overlapping edge region between the transparent conductive element and

“3-
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the corresponding, complemented conductive structure. The second via-hole formed
in the first insulating layer is configured passing through the overlapping edge region.

[0014] Optionally, the transparent conductive element and the corresponding,
complemented conductive structures connected to the transparent conductive element
are formed in a same layer.

[0015] Optionally, a light-shielding layer is configured at an edge of the
touch-control substrate to conceal wirings of the first and second electrodes, and
arranged in a same layer as the alignment mark.

[0016] Optionally, the alignment mark is made of an optically transparent
material; and a second insulating layer is disposed between the alignment mark and
the transparent conductive element in the mark region.

[0017] Optionally, the transparent conductive element, electrically connected
to the corresponding, complemented conductive structure outside the mark region and
contained in either the one first electrode or the one second electrode, has an end
away {rom the connected corresponding, complemented conductive structure with a
contour shape same as a corresponding contour shape of a conductive structure
adjacent to the connected corresponding, complemented conductive structure in a
same electrode.

[0018] Optionally, each transparent conductive element is configured outside
of the alignment mark, or each transparent conductive element partially overlaps with
the alignment mark, or the alignment mark is configured within the transparent
conductive element.

[0019] Optionally, the mark region is positioned in a display region.
Optionally, the conductive structures are made of metallic material. Optionally, each
of the plurality of conductive structures includes a mesh, a continuous sheet, a narrow
strip, or a combination thereof.

[0020] Optionally, adjacent first conductive structures in the plurality of first
electrodes are electrically connected by a conductive bridge, four adjacent conductive
bridges are centered by the alignment mark and surrounding the mark region, wherein
the alignment mark is in a center of the mark region, four transparent conductive
elements are configured in the mark region, with two transparent conductive elements
each electrically connected to the corresponding, complemented conductive structure

outside the mark region and contained in one of the plurality of first electrodes, and
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with two transparent conductive elements each electrically connected to the
corresponding, complemented conductive structure outside the mark region and
contained in one of the plurality of second electrodes, and the four transparent
conductive elements are centered by the alignment mark.

[0021] Optionally, each of the first electrodes and the second electrodes
includes a driving electrode or a sensing electrode.

[0022] Another aspect of the present disclosure provides a method of
fabricating a touch-control substrate by forming a plurality of first electrodes and a
plurality of second electrodes. The first and second electrodes are crossly configured
and electrically insulated from one another, and each of the first and second electrodes
includes a plurality of conductive structures. A mark region is defined to be located
within a region containing the first and second electrodes. At least one of the
conductive structures is at least partially removed from the mark region. At least one
transparent conductive element is formed to complement the removed conductive
structure and is electrically connected to a corresponding conductive structure outside
the mark region and contained in either one first electrode or one second electrode.
An alignment mark is formed in the mark region.

[0023] Optionally, the at least one transparent conductive element is formed
by a patterning process over a base substrate. Optionally, each first electrode includes
a plurality of first conductive structures that are separated from one another. The first
and second electrodes are formed in a same layer. A first insulating layer is formed
on the same layer containing the first and second electrodes. At least two adjacent
first conductive structures are electrically connected by a conductive bridge. The
conductive bridge is electrically connected to each of the two adjacent first conductive
structures through a first via-hole formed in the first insulating layer. The first
insulating layer is between the conductive bridge and the same layer containing the
first and second electrodes. The transparent conductive element and the conductive
bridge are formed in a single patterning process on the first insulating layer over a
base substrate. The transparent conductive element is electrically connected to the
corresponding conductive structure through a second via-hole formed in the first
insulating layer.

[0024] Optionally, the transparent conductive element is configured to

partially overlap with the corresponding, complemented conductive structure
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providing an overlapping edge region between the transparent conductive element and
the corresponding, complemented conductive structure. The second via-hole formed
in the first insulating layer is configured through the overlapping edge region.

[0025] Optionally, a light-shielding layer is formed at an edge of the touch-
control substrate to conceal wirings of the first and second electrodes, wherein the
alignment mark is formed by an optically transparent material. A second insulating
layer is formed between the alignment mark and the transparent conductive element in
the mark region.

[0026] Optionally, each transparent conductive element is formed outside of
the alignment mark, or formed to partially overlap with the alignment mark, or
formed to include the alignment mark.

[0027] Optionally, a conductive bridge is formed to electrically connect
adjacent first conductive structures in the plurality of first electrodes. Four adjacent
conductive bridges are configured to be centered by the alignment mark and
surrounding the mark region. The alignment mark is in a center of the mark region.
Four transparent conductive elements are formed in the mark region, having two
transparent conductive elements each electrically connected to the corresponding,
complemented conductive structure outside the mark region and contained in one of
the plurality of first electrodes, and having two transparent conductive elements each
electrically connected to the corresponding, complemented conductive structure
outside the mark region and contained in one of the plurality of second electrodes.
The four transparent conductive elements are centered by the alignment mark.

[0028] Another aspect of the present disclosure provides a display device.

The display device includes a display substrate used to display images; and the
disclosed touch-control substrate. The display substrate includes a liquid crystal
display (LCD) substrate, an organic light-emitting diode (OLED) display substrate, or
an electronic paper display substrate.

[0029] Other aspects of the present disclosure can be understood by those
skilled in the art in light of the description, the claims, and the drawings of the present

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0030] 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 disclosure.

[0031] FIG. 1 illustrates a schematic view of a conventional touch-control
substrate;
[0032] FIG. 2 illustrates a schematic view of a conventional touch-control

substrate with a mark region;

[0033] FIG. 3 illustrates a schematic view of an exemplary touch-control

substrate according to various exemplary embodiments of the present disclosure;

[0034] FIG. 4 illustrates a cross sectional schematic view of the exemplary
touch-control substrate shown in FIG. 3 in the A-A direction according to various

exemplary embodiments of the present disclosure;

[0035] FIG. 5 illustrates a cross sectional schematic view of the exemplary
touch-control substrate shown in FIG. 3 in the B-B direction according to various

exemplary embodiments of the present disclosure;

[0036] FIG. 6 illustrates a top view of the exemplary touch-control substrate
with the light-shielding layer and wirings of the first and second electrodes according

to various embodiments of the present disclosure; and

[0037]  FIG. 7 illustrates a flow chart of an exemplary method for fabricating
an exemplary touch-control substrate according to various exemplary embodiments of

the present disclosure.
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DETAILED DESCRIPTION

[0038] Reference will now be made in detail to exemplary embodiments of
the disclosure, which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to
the same or like parts. It should be understood that the exemplary embodiments
described herein are only intended to illustrate and explain the present invention and

not to limit the invention.

[0039] As used herein, the term “arranged in a same layer” refers to a single
patterning process used to form different structures (e.g., two structures) in a same
layer level or in a single process. The different structures may be made of the same
material or having a stacked layer with same stacking order. However, such different
structures may or may not exactly be coplanar with each other in the thickness
direction. When “arranged in a same layer”, the different structures may or may not
be integrated or connected together. For example, the different structures may include
two or more non-connected, separate structures formed with the same or different
materials.

[0040] As used herein, the term “patterning process” refers to any process of
forming a layer with or without certain patterns. For example, the patterning process
may include one or more steps selecting from: forming a material layer, coating a
photoresist layer, exposing the photoresist layer, developing the exposed photoresist
layer, etching the material film, and removing the photoresist layer. The patterning
process may also include using 3D printing and/or other suitable process(s) to form a
layer with or without certain patterns.

[0041] The present disclosure provides a touch-control substrate, a fabrication
method of the touch-control substrate and a display device including the touch-control
substrate.

[0042] FIGS. 3-5 illustrate an exemplary touch-control substrate according to
various exemplary embodiments of the present disclosure. As shown in FIGS. 3-5,
the exemplary touch-control substrate includes a plurality of first electrodes and a
plurality of second electrodes, which are crossly configured and electrically insulated

from one another. Each first electrode includes a plurality of conductive structures
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such as first conductive structures. Each second electrode includes a plurality of

conductive structures such as second conductive structures.

[0043] In some embodiments, the first conductive structures in each first
electrode may be aligned with one another, and the second conductive structures in
each second electrode may be aligned with one another. The aligned first conductive
structures in the first electrodes may be crossly configured with the aligned second

conductive structures in the second electrodes.

[0044] For example, a first electrode having aligned first conductive structures
may be crossly configured with a second electrode having aligned second conductive
structures in any suitable manner, for example, in any suitable angle. In a specific
embodiment, the first electrode having aligned first conductive structures may be
configured perpendicular to the second electrode having aligned second conductive

structures.

[0045] The touch-control substrate may include driving electrodes 1 and
sensing electrodes 2. Specifically, the first electrodes may be driving electrodes 1 and
the second electrodes may be sensing electrodes 2, or vice versa. For illustration
purposes, the present disclosure is described using the first electrodes as driving

electrodes 1 and the second electrodes as sensing electrodes 2.

[0046] In one embodiment, each driving electrode 1 and each sensing
electrode 2 may include mesh-shaped conductive structures 9. As disclosed herein,
the electrodes of the touch-control substrate according to various embodiments of the
present disclosure are in an exemplary form of a mesh (e.g., a metal mesh), although
other suitably-shaped conductive structures may also be encompassed in the present
disclosure. For example, other suitably-shaped electrodes may be in a form of a

continuous sheet, a thread, a narrow strip, etc.

[0047] Thus, in a certain embodiment, the conductive structures of the
electrodes may only be in a mesh-shaped form made by metal grids with a number of
small holes, but may not include a continuous sheet. In other embodiments, some of
the electrodes in the touch-control substrate may be in a mesh-shaped form, others of
the electrodes may be in a non-mesh shaped form, such as a continuous metal sheet.
In still other embodiments, a single electrode type (e.g., either a driving electrode 1 or

a sensing electrode 2) may be configured to have a plurality of conductive structures

-9.
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having various shapes combined together. Such shapes may include a mesh, a
continuous sheet, a narrow strip, etc., as long as the conductive structures in the single
electrode type can be functioned as desired, i.e., a driving electrode or a sensing

electrode.

[0048] In an embodiment using a mesh shape, the shape of conductive
structures 9 is not limited to a regular mesh having parallel lines. Other irregular
meshes, for example, formed by dendritic grids, entangled grids, staggered line grid,
etc., may be encompassed in the present disclosure for the driving electrodes and

sensing electrodes.

[0049] In one embodiment, the mesh-shaped conductive structures 9 may be
made of metallic material. The metallic material may include a pure metal or metal
alloy including, e.g., aluminum, molybdenum, niobium, copper, silver, or other metals,
or combinations thereof. In another embodiment, other suitable materials, such as
ITO and/or other transparent conductive materials, can be used for the driving and

sensing electrodes, without limitation.

[0050] Referring back to FIG. 3, the disclosed touch-control substrate may
include a mark region 8. The mark region 8 may include an alignment mark 81. The
mark region 8 may be arranged inside a display region. In other words, in the display
region of the exemplary touch-control substrate, the mark region 8 may be formed to
enclose the alignment mark 81, such that the alignment mark 81 in the mark region 8

will not be affected by conductive structures.

[0051] It should be noted that the exemplary touch-control substrate in FIG. 3
is configured for illustration purposes, any suitable arrangement for components in
FIG. 3 can be encompassed in the present disclosure. More components may be
included, and existing components can be omitted, modified, and/or replaced.

[0052] For example, the mark region 8 may be defined within a region
containing the first and second electrodes. In other words, the mark region 8 may be
partially overlapping the first and/or second electrodes. The mark region 8 may
include an alignment mark 81. In various embodiments, at least one of the conductive
structures in the defined region for the mark region may be at least partially absent in

(e.g., removed from) the defined region, and at least one transparent conductive

- 10 -
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element 5 may be configured to fully or partially complement the at least partially
absent conductive structure in the mark region 8.

[0053] The term “complementing” defines a relationship between the at least
one transparent conductive element and the at least partially absent conductive
structure in the mark region. For example, a portion of a conductive structure within
the defined region as the mark region may be removed to provide a conductive-
structure-absent region along with the remaining conductive structure, i.e., the at least
partially absent conductive structure, in the mark region. The conductive-structure-
absent region may have a cross-section shape in a direction parallel to the substrate
surface.

[0054] In one embodiment, a transparent conductive element may be formed
to substantially fully cover and match with the cross-section shape of the conductive-
structure-absent region, as if to replace the removed portion of the conductive
structure, and to substantially fully “complement” the remaining conductive structure.
In another embodiment, a transparent conductive element may be formed to cover a
portion of the conductive-structure-absent region and to match with the cross-section
of the portion of the conductive-structure-absent region to partially “complement” the
remaining conductive structure, i.e., the at least partially absent conductive structure.

[0055] The transparent conductive element 5 is electrically connected to the
corresponding, complemented conductive structure that is outside the mark region 8
and contained in either one first electrode or one second electrode.

[0056] It should be noted that the scope of the present disclosure is not limited
to arranging the mark region inside the display region. For example, when a mark
region is arranged in a non-display region, the touch sensing effect of the touch-
control substrate may also be affected due to the presence of the mark region, as
disclosed herein. In short, the disclosed touch-control substrate, fabrication method,
and/or display device may be applicable to improve touch sensing effect of the touch-
control substrate, no matter where the mark region is arranged (e.g., in a display
region or in a non-display region) on the touch-control substrate. However, for
illustration purposes, the present disclosure is described to have the mark region in a

display region as an example.

[0057] As shown in FIGS. 3-4, at least one transparent conductive element 5

may be formed in the mark region 8. The at least one transparent conductive element

-11 -
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5 may be formed in the mark region 8 and may be electrically isolated with one
another. Each transparent conductive element 5 may be electrically connected to the
conductive structure 9 of either the driving electrode 1 or the sensing electrode 2. In a
certain embodiment, four electrically-isolated transparent conductive elements may be
configured within the mark region 8. The transparent conductive element 5 may be
made of ITO, although any suitable optically-transparent conductive element may be
used for the transparent conductive element 5. The mark region 8 of the touch-control
substrate may thus have at least one transparent conductive element 5 (e.g., made of
ITO or other suitable transparent conductive materials), in addition to having an
alignment mark 81. The at least one transparent conductive element 5 may be
electrically connected to either the driving electrodes 1 or the sensing electrodes 2.
Thus, the transparent conductive element 5 may have an electric signal same as the
driving electrodes 1 or the sensing electrodes 2. The at least one transparent
conductive element 5 may be considered as a part of the driving electrode 1 or a part
of the sensing electrode 2, depending on which type of electrode that transparent
conductive element 5 is connected to. In this case, the at least one transparent
conductive element 5 may function as either a driving electrode or a sensing electrode.
The at least one transparent conductive element 5 may enable and improve touch
sensing effect in the mark regions 8. Unlike conventional conductive structures
configured in a mark region, the at least one transparent conductive element 5 may

not affect the function of alignment mark 81 in the mark regions 8.

[0058] In one embodiment, when the transparent conductive element 5
connects to the driving electrode 1, the end of the transparent conductive element 5
that is away from the connected conductive structure 9 of the driving electrode 1 has a
contour shape same/similar as a corresponding contour shape of the driving electrode
in the plurality of driving electrodes 1 in a corresponding position. When the
transparent conductive element 5 connects to the sensing electrode 2, the end of the
transparent conductive element 5 that is away from the connected conductive
structure 9 of the sensing electrode 2 has a contour shape same/similar as a
corresponding contour shape of the sensing electrode 2 in the plurality of sensing

electrodes 2 in a corresponding position.

[0059] For example, as shown in FIG. 3, the position, shape and/or size of

each transparent conductive element 5 in the mark region 8 may match the missing

-12 -
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part(s) of a corresponding, connected driving electrode conductive structure or match
the missing part(s) of a corresponding, connected sensing electrode conductive
structure. The transparent conductive element 5 may “repair” the corresponding,
connected driving electrode conductive structure or the corresponding, connected
sensing electrode conductive structure in the mark region 8 to restore touch sensing
effect in the mark region 8, in an extent as much as possible to the driving electrode
conductive structures and the sensing electrode conductive structures outside of the

mark region 8.

[0060] In another embodiment, the at least one transparent conductive element
5 may not perfectly “repair” the driving electrodes 1 or the sensing electrodes 2 in the
mark region 8. For example, individual transparent conductive elements may have an
area larger or smaller than the missing parts of the corresponding, connected driving
electrode conductive structure and corresponding, connected sensing electrode
conductive structure. Or individual transparent conductive elements may have a shape
different from the missing parts of corresponding conductive structures in the driving

electrodes 1 or the sensing electrodes 2.

[0061] Moreover, the at least one transparent conductive element 5 may be
configured to have various shapes, such as a sheet shape, or a shape other than the
sheet-shape. For example, the at least one transparent conductive element 5 may have
a grid-shape, a hollow rectangular shape (the alignment mark 81 may be positioned
inside the hollow space of this transparent conductive element 5), a shape containing
crossed strips (the tips of the strips are electrically connected to the cut position of a

corresponding conductive structure), etc.

[0062] When strong electric conductivity is needed, the at least one
transparent conductive element 5 may have a wider overlapping edge area, overlapped
and compared with a connected conductive structure of a driving electrode or a
sensing electrode. For example, the at least one transparent conductive element 5 may
have an overlapping width greater than (or equal to two or three times of) the
diameter of corresponding, connected second via-hole 6 (as shown in FIG. 3) to
achieve desirable electric conductivity in order to have a uniform touch sensing effect
on the touch-control substrate. In various embodiments, one or more second via-holes

may be included in the present disclosure.

-13-
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[0063] As such, the at least one transparent conductive element 5 may take
various forms depending on the material properties used to form the at least one
transparent conductive element 5. The at least one transparent conductive element 5
may be configured capable of restoring the touch sensing effect of the missing parts of

corresponding, connected electrode conductive structure in the mark region 8.

[0064] Further, the at least one transparent conductive element 5 may be in a
position varying with respect to the alignment mark 81. For example, the alignment
mark 81 may be configured outside of the at least one transparent conductive element
5 and may not overlap with the at least one transparent conductive element 5.
Alternatively, as shown in FIG. 3, the alignment mark 81 may partially overlap with
the at least one transparent conductive element 5. Alternatively, the alignment mark
81 may be positioned inside the at least one transparent conductive element 5. In this
case, the alignment mark 81 may be disposed above or under the at least one

transparent conductive element 5.

[0065] In another embodiment, each driving electrode 1 may include a
plurality of conductive structures 9. At least two adjacent conductive structures in the
driving electrode 1 (i.e., driving electrode conductive structures) may be electrically
connected to each other through a conductive bridge 11, as shown in FIG. 5. The
driving electrodes 1 and the sensing electrodes 2 may have their conductive structures

9 formed in the same layer.

[0066] The conductive bridge 11 may be electrically insulated from the
conductive structures 9 in the sensing electrodes 2 by a first insulating layer 71
disposed there-between. The conductive bridge 11 may be electrically connected to
adjacent conductive structures 9 in the driving electrodes 1 through the first via-holes

3 formed in the first insulating layer 71 as shown in FIG. 5.

[0067] The at least one transparent conductive element 5 may be disposed in
the same layer as the conductive bridge 11. The at least one transparent conductive
element 5 in the mark region 8 may be electrically connected to the conductive
structures 9 in the sensing electrodes 2 through the one or more second via-holes 6
formed in the first insulating layer 71 as shown in FIGS. 3-4. Further, the at least one

transparent conductive element 5 in the mark region 8 may be electrically connected

-14-



WO 2016/090942 PCT/CN2015/086944

to the conductive structures 9 in the driving electrodes 1 through second via-holes 6

formed in the first insulating layer 71 as shown in FIGS. 3-4.

[0068] In a certain embodiment, referring back to FIG. 3, the mark region 8
may not include any conductive structures. The alignment mark 81 is located in a
center of the mark region 8. A conductive bridge 11 is configured to electrically
connect adjacent first conductive structures in the plurality of driving electrodes 1.
For example, four adjacent conductive bridges 11 may be configured and centered by
the alignment mark 81 to surround the mark region 8. In addition, four transparent
conductive elements 5 may be configured in the mark region 8, with two transparent
conductive elements 5 each electrically connected to the corresponding,
complemented conductive structure outside the mark region 8 and contained in one of
the plurality of driving electrodes 1, and with two transparent conductive elements
each electrically connected to the corresponding, complemented conductive structure
outside the mark region 8 and contained in one of the plurality of sensing electrodes 2.
The four transparent conductive elements 5 may be centered by the alignment mark
81.

[0069] Referring back to FIG. 5, when the driving electrodes 1 and the sensing
electrodes 2 are formed in a same layer, the driving electrodes 1 may be divided into
many individual sections or individual conductive structures (for example, conductive
structures 9 in a same driving electrode 1 are separated from one another) to avoid
electric connection at the non-contact intersections with the sensing electrodes 2. The
separated driving electrode conductive structures may be electrically connected to
each other through the conductive bridges 11 (e.g., made of ITO, a metallic material,
or other suitable conductive materials). The conductive bridges 11 may be disposed
above or under the layer of the conductive structures 9. As illustrated in FIG. 5, the
conductive bridges 11 are disposed above the layer of the conductive structures 9. The
first insulating layer 71 may be formed on the conductive structures 9. The conductive
bridges 11 may be formed on the first insulating layer 71. The conductive bridges 11
may be electrically connected to separate conductive structure 9 in a single driving

electrode 1 through the first via-holes 3 formed in the first insulating layer 71.

[0070] In this case, the at least one transparent conductive element 5 may be
disposed in the same layer as the conductive bridges 11. The at least one transparent

conductive element 5 may be electrically connected to individual conductive
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structures 9 in a single sensing electrode 2 through the second via-holes 6 formed in
the first insulating layer 71. Of course, the at least one transparent conductive element
5 may extend slightly beyond the mark region 8 to partially overlap with the
conductive structures in the driving or sensing electrodes. The second via-holes 6 may

be disposed in the overlapped area in the first insulating layer 71.

[0071] As such, the at least one transparent conductive element 5 may be
disposed in the same layer as the conductive bridges 11. A single patterning process
may be used to form the at least one transparent conductive element 5 and the

conductive bridges 11 in a same single process using a corresponding mask.

[0072] In the case that the driving electrodes 1 and the sensing electrodes 2
are disposed in separate layers (with an insulating layer in between), an additional
step of fabricating the at least one transparent conductive element 5 may be added due
to the absence of the concurrent process of fabricating the conductive bridges 11. In
this case, the at least one transparent conductive element 5 may be disposed in the
same layer as the conductive structures 9. Both the at least one transparent conductive
element 5 and the conductive structures 9 may be formed at the same time in a single
process. Alternatively, the at least one transparent conductive element 5 may directly
overlap with and electrically connect to the conductive structures 9 (without going
through the second via-holes 6) in the driving electrode 1 or the sensing electrode 2.

In one embodiment, the second via-holes 6 may be omitted.

[0073] In another embodiment, as shown in FIG. 6, the touch-control substrate
may include a light-shielding layer 610 in the edge region or formed surrounding the
display region. The light-shielding layer 610 may be used to conceal or otherwise
cover the wirings 620 of the conductive structures 9 of the driving electrodes 1 and
the sensing electrodes 2. The light-shielding layer 610 may be disposed in the same
layer as the alignment mark 81. Within the light-shielding layer 610, a stacked layer
630 may be formed, e.g., including the insulating layer 71 stacked on the conductive

structures 9.

[0074] In other words, as shown in FIG. 4, the light-shielding layer may be
disposed outside the display region of the touch-control substrate. The light-shielding
layer may be formed on a base substrate 7 of the touch-control substrate. The wirings

of the driving electrodes 1 and the sensing electrodes 2 may be disposed between the

- 16 -



WO 2016/090942 PCT/CN2015/086944

light-shielding layer and the base substrate 7. Thus, when the end of the touch-control
substrate with the light-shielding layer faces toward the display panel, the wirings
may be concealed by the light-shielding layer and invisible from outside. When the
light-shielding layer is present, the alignment mark 81 may be formed at the same
time when forming the light-shielding layer to avoid introducing a separate step of

forming the alignment mark 81. Fabrication process may be simplified.

[0075] Of course, when the touch-control substrate does not include a light-
shielding layer, the alignment mark 81 may be made of the same material used to
form the light-shielding layer. Alternatively, the alignment mark 81 may be made of
other suitable dark color materials or other color material in distinctive contrast to the

at least one transparent conductive element 5.

[0076] In another embodiment, the touch-control substrate may include the
alignment mark 81 made of a transparent material. The alignment mark 81 may be
insulated from the at least one transparent conductive element 5 by a second
insulating layer formed between the alignment mark 81 and the at least one
transparent conductive element 5 to avoid the electrical contact between the alignment
mark 81 and the at least one transparent conductive element 5. The transparent
material of the alignment mark 81 may be visible to the detection light of the

alignment mark 81.

[0077] Obviously, the light-shielding layer is black, opaque and visible to
naked eyes. The light-shielding layer may affect the display effect (e.g., a small black
dot). Thus, the alignment mark 81 made of a transparent material may avoid affecting
the display effect. Although invisible to naked eyes, the transparent material may be
detected by a detection light (such as ultra violet UV light, infrared light, etc.) during
the alignment process. The alignment mark 81 may be visible and operational from
the alignment perspective. In addition, the alignment mark 81 may have a thickness
and/or shape different from the at least one transparent conductive element 5 in the
mark region 8, the alignment detection of the alignment mark 81 may not be affected

by the at least one transparent conductive element 5.

[0078] The present disclosure also provides a method of fabricating the
disclosed touch-control substrate. For example, a patterning process may be used to

form at least one transparent conductive element 5 in a mark region 8.
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[0079] FIG. 7 illustrates a flow chart of an exemplary method for fabricating
an exemplary touch-control substrate according to various exemplary embodiments of

the present disclosure.

[0080] In the Step S101 of FIG. 7, a patterning process is used to form an
alignment mark 81 made of a transparent material on the base substrate 7. Then an
insulating layer (e.g., the second insulating layer described above) is formed to cover
the alignment mark 81. In other words, the alignment mark 81 made of the transparent
material may be formed on the base substrate 7 and the second insulating layer may

be formed on the alignment marks 81.

[0081] In the Step S102 of FIG. 7, a patterning process is used to form a light-
shielding layer surrounding the display region on the base substrate 7 having the

alignment mark 81 and the insulating layer 71 formed thereon.

[0082] The light-shielding layer may be formed surrounding the display
region to conceal or cover the electrode wirings at the edge of the touch-control

substrate.

[0083] In various embodiments, Steps S101 and S102 may be combined to
form the alignment mark 81 at the same time when forming the light-shielding layer.

Or, the light-shielding layer may be used to form the alignment mark 81.

[0084] In one embodiment, regardless of methods for forming the alignment
mark 81 using a transparent material or using the light-shielding layer, such alignment
mark 81 is formed on the base substrate 7 as a first structure, prepared for
subsequently forming other structures, using the alignment mark 81 as a reference

structure.

[0085] In the Step S103 of FIG. 7, a patterning process is used to form
conductive structures 9 of the driving electrodes 1 and the sensing electrodes 2 on the

base substrate 7, after forming the alignment mark 81 and/or light-shielding layer.

[0086] In other words, a patterning process may be used to form the
conductive structures 9 of the driving electrodes 1 and the sensing electrodes 2 in a
same layer. The driving electrodes 1 may be divided into separate conductive

structures to avoid electric connection at the non-contact intersections with sensing
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electrodes 2. No conductive structures 9 may be formed in the predefined mark

region 8.

[0087] In the Step S104 of FIG. 7, a patterning process is used to form a first

insulating layer 71 on the base substrate 7 after forming the conductive structures 9.

[0088] In other words, the first insulating layer 71 may be formed on the base

substrate 7. The first insulating layer 71 may include a plurality of first via-holes 3.

[0089] In the Step S105 of FIG. 7, a patterning process is used to form
conductive bridges 11 and at least one transparent conductive element 5 (in the mark

regions 8) on the first insulating layer 71 and over the base substrate 7.

[0090] In other words, a patterning process may be used to form conductive
bridges 11 and at least one transparent conductive element 5 in a same layer in a
single process. The conductive bridges 11 may be electrically connected to the
separated conductive structures 9 in a same driving electrode 1 through the first via-
holes 3 formed in the first insulating layer 71. The at least one transparent conductive
element 5 positioned in the mark regions 8 may be electrically connected to the
conductive structures 9 of the driving electrodes 1 or the sensing electrodes 2 through

the second via-holes 6 formed in the first insulating layer 71.

[0091] In the Steps of S103 through S105, the driving electrodes 1 and the
sensing electrodes 2 may be formed before the conductive bridges 11 and the at least
one transparent conductive element 5 are formed. The conductive bridges 11 and the
at least one transparent conductive element 5 may be formed above the electrode layer.
However, in some cases, the conductive bridges 11 and the at least one transparent
conductive element 5 may be formed before forming the driving electrodes 1 and the
sensing electrodes 2. For example, the conductive bridges 11 and the at least one
transparent conductive element 5 may be formed under the electrode layer including

the driving electrodes 1 and the sensing electrodes 2.

[0092] Further, in the Steps of S103 through S105, the driving electrodes 1
and the sensing electrodes 2 may be formed in a same layer. When the driving
electrodes 1 and the sensing electrodes are not formed in a same layer, the above
process may be modified as follows. The driving electrodes 1 and the at least one
transparent conductive element 5 electrically connected to the driving electrodes 1

may be formed at the same time. The insulating layer 71 may be formed to cover the
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driving electrodes 1 and the at least one transparent conductive element 5 electrically
connected to the driving electrodes 1. The sensing electrodes 2 and the at least one
transparent conductive element 5 electrically connected to the sensing electrodes 2
may be formed at the same time on the insulating layer 71. The specific conditions

and parameters of the fabrication process may be modified accordingly.

[0093] The present disclosure also provides a display device. The display
device includes the disclosed touch-control substrate. In one embodiment, the display
device may also include a display substrate for displaying. The touch-control substrate

may be disposed on the light emitting end of the display substrate.

[0094] Further, the display substrate may be in any display mode, such as a
liquid crystal display (LCD) substrate, an organic light-emitting diode (OLED)
display substrate, and/or electronic paper display substrate. The display substrate may
include thin film transistor (TFT) array substrate, color filter substrate, 3D display
substrate, and/or display panel. In other words, the touch-control substrate according
to the present disclosure may be disposed on the light emitting end (e.g., having the
end of the touch-control substrate with conductive structures facing toward the
display substrate) of the display substrate to form the display device with touch

sensing function.

[0095] Of course, other suitable display structures may be integrated into the
touch-control substrate to form the display device or to form an integrated substrate of

the display device.

[0096] The embodiments disclosed herein are exemplary only. Other
applications, advantages, alternations, modifications, or equivalents to the disclosed
embodiments are obvious to those skilled in the art and are intended to be

encompassed within the scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A touch-control substrate, comprising:
a plurality of first electrodes;
a plurality of second electrodes, wherein:
the first and second electrodes are crossly configured and electrically
insulated from one another, and
each of the first and second electrodes includes a plurality of
conductive structures; and
a mark region having an alignment mark and partially overlapping the first
and/or second electrodes, wherein:
at least one of the conductive structures in the mark region is at least
partially absent in the mark region, and
the mark region includes at least one transparent conductive element
complementing the at least partially absent conductive structure and being
electrically connected to a corresponding conductive structure outside the

mark region.

2. The touch-control substrate of claim 1, wherein:

each first electrode includes a plurality of first conductive structures that are
separated from one another,

at least two adjacent first conductive structures are electrically connected by a
conductive bridge,

the first and second electrodes are arranged in a same layer,

a first insulating layer is disposed between the conductive bridge and disposed
in the same layer containing the first and second electrodes, wherein the conductive
bridge is electrically connected to each of the two adjacent first conductive structures
through a first via-hole formed in the first insulating layer, and

the transparent conductive element and the conductive bridge are arranged in a
same layer, wherein the transparent conductive element is electrically connected to
the corresponding conductive structure through a second via-hole formed in the first

insulating layer.
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3. The touch-control substrate of claim 2, wherein:

the transparent conductive element is configured to partially overlap with the
corresponding, complemented conductive structure providing an overlapping edge
region between the transparent conductive element and the corresponding,
complemented conductive structure, and

the second via-hole formed in the first insulating layer is configured passing

through the overlapping edge region.

4. The touch-control substrate of claim 1, wherein:
the transparent conductive element and the corresponding, complemented
conductive structures connected to the transparent conductive element are formed in a

same layer.

5. The touch-control substrate of claim 1, further including:
a light-shielding layer configured at an edge of the touch-control substrate to
conceal wirings of the first and second electrodes, and arranged in a same layer as the

alignment mark.

6. The touch-control substrate of claim 1, wherein:
the alignment mark is made of an optically transparent material; and
a second insulating layer is disposed between the alignment mark and the

transparent conductive element in the mark region.

7. The touch-control substrate of claim 1, wherein:

the transparent conductive element, electrically connected to the
corresponding, complemented conductive structure outside the mark region and
contained in either the one first electrode or the one second electrode, has an end
away {rom the connected corresponding, complemented conductive structure with a
contour shape same as a corresponding contour shape of a conductive structure
adjacent to the connected corresponding, complemented conductive structure in a

same electrode.

8. The touch-control substrate of claim 1, wherein:
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each transparent conductive element is configured outside of the alignment
mark, or

each transparent conductive element partially overlaps with the alignment
mark, or

the alignment mark is configured within the transparent conductive element.

9. The touch-control substrate of claim 1, wherein the mark region is positioned

in a display region.

10. The touch-control substrate of claim 1, wherein the conductive structures are

made of metallic material.

11. The touch-control substrate of claim 1, wherein each of the plurality of
conductive structures includes a mesh, a continuous sheet, a narrow strip, or a

combination thereof.

12. The touch-control substrate of claim 1, wherein:

adjacent first conductive structures in the plurality of first electrodes are
electrically connected by a conductive bridge,

four adjacent conductive bridges are centered by the alignment mark and
surrounding the mark region, wherein the alignment mark is in a center of the mark
region,

four transparent conductive elements are configured in the mark region, with
two transparent conductive elements each electrically connected to the corresponding,
complemented conductive structure outside the mark region and contained in one of
the plurality of first electrodes, and with two transparent conductive elements each
electrically connected to the corresponding, complemented conductive structure
outside the mark region and contained in one of the plurality of second electrodes, and

the four transparent conductive elements are centered by the alignment mark.
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13. The touch-control substrate of any of claims 1-12, wherein each of the first
electrodes and the second electrodes includes a driving electrode or a sensing

electrode.

14. A method of fabricating a touch-control substrate, comprising:
forming a plurality of first electrodes and a plurality of second electrodes,
wherein:
the first and second electrodes are crossly configured and electrically
insulated from one another, and
each of the first and second electrodes includes a plurality of
conductive structures;
defining a mark region located within a region containing the first and second
electrodes;
at least partially removing at least one of the conductive structures from the
mark region;
forming at least one transparent conductive element complementing the
removed conductive structure and being electrically connected to a corresponding
conductive structure outside the mark region and contained in either one first
electrode or one second electrode; and

forming an alignment mark in the mark region.

15. The method of claim 14, further including:
forming the at least one transparent conductive element by a patterning

process over a base substrate.

16. The method of claim 14, wherein each first electrode includes a plurality of
first conductive structures that are separated from one another, wherein the method
further includes:

forming the first and second electrodes in a same layer,

forming a first insulating layer on the same layer containing the first and
second electrodes,

electrically connecting at least two adjacent first conductive structures by a

conductive bridge, wherein:
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the conductive bridge is electrically connected to each of the two
adjacent first conductive structures through a first via-hole formed in the first
insulating layer,

the first insulating layer is between the conductive bridge and the same
layer containing the first and second electrodes,

the transparent conductive element and the conductive bridge are
formed in a single patterning process on the first insulating layer over a base
substrate, and

the transparent conductive element is electrically connected to the
corresponding conductive structure through a second via-hole formed in the

first insulating layer.

17. The method of claim 16, wherein:

the transparent conductive element is configured to partially overlap with the
corresponding, complemented conductive structure providing an overlapping edge
region between the transparent conductive element and the corresponding,
complemented conductive structure, and

the second via-hole formed in the first insulating layer is configured through

the overlapping edge region.

18. The method of claim 14, further including:

forming a light-shielding layer at an edge of the touch-control substrate to
conceal wirings of the first and second electrodes, wherein the alignment mark is
formed by an optically transparent material, and

forming a second insulating layer between the alignment mark and the

transparent conductive element in the mark region.

19. The method of claim 14, further including:

forming each transparent conductive element outside of the alignment mark,
or

forming each transparent conductive element to partially overlap with the
alignment mark, or

forming each transparent conductive element to include the alignment mark.
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20. The method of claim 14, wherein:

forming a conductive bridge to electrically connect adjacent first conductive
structures in the plurality of first electrodes,

configuring four adjacent conductive bridges centered by the alignment mark
and surrounding the mark region, wherein the alignment mark is in a center of the
mark region, and

forming four transparent conductive elements in the mark region, having two
transparent conductive elements each electrically connected to the corresponding,
complemented conductive structure outside the mark region and contained in one of
the plurality of first electrodes, and having two transparent conductive elements each
electrically connected to the corresponding, complemented conductive structure
outside the mark region and contained in one of the plurality of second electrodes,

wherein the four transparent conductive elements are centered by the

alignment mark.

21. A display device, comprising:
a display substrate used to display images; and

a touch-control substrate according to claims 1-13.

22. The display device of claim 21, wherein:
the display substrate includes a liquid crystal display (LCD) substrate,
an organic light-emitting diode (OLED) display substrate, or an electronic paper

display substrate.
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