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(57) Abstract: A touch panel (400, 500, 800, 900) includes a substrate, a
first touch electrode (1") disposed over the substrate and including a first
sub-electrode (3") and a second sub-electrode (4") electrically coupled
to each other, and a second touch electrode (2") disposed over the sub-
1 strate and intersecting the first touch electrode (1"). The first sub-elec-
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trode (3") and the second sub-electrode (4") are arranged in an extension
direction (A, B) of the first touch electrode (1"). The first sub-electrode
(3™ includes a first strip-shaped electrode (301). The second sub-elec-
trode (4") includes a second strip-shaped electrode (401). An angle (o,
B) between an extension direction (A) of the first strip-shaped electrode
(301) and an extension direction (B) of the second strip-shaped electrode
6’ (401) is non-zero. The touch panel (400) not only can have a relatively
good performance of eliminating electrode images, but also can suppress
appearance of moire fringes.
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TOUCH PANEL, MUTUAL CAPACITIVE TOUCH SCREEN,
AND TOUCH DISPLAY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[1] This PCT patent application claims priority to Chinese Patent Application No.
201710153010.2, filed on March 15, 2017, the entire contents of which are incorporated

herein by reference.
TECHNICAL FIELD

[2] The present disclosure generally relates to the field of display technologies and,
more particularly, to a touch panel, a mutual capacitive touch screen, and a touch display

device.
BACKGROUND

[3] Touch screens are adopted in products such as mobile phones, tablet computers.
Using touch-control method in products is a major future trend. Mutual capacitive touch
screens improve efficiency and convenience of human-computer interaction. A mutual
capacitive touch screen includes touch panels for sensing touch. The design of touch
electrodes in the touch panels influences the performance of the mutual capacitive touch

screen.

[4] Undesired electrode images can appear in conventional touch panels. Although
some conventional touch panels use electrodes with relatively small sizes in order to reduce
electrode images, moire fringes appear when the conventional touch panels are applied to
mutual capacitive touch screens. Thus, conventional touch panels cannot suppress an

appearance of moire fringes while ensuring eliminations of undesired electrode images.
SUMMARY

[5] In one aspect, the present disclosure provides a touch panel. The touch panel
includes a substrate, a first touch electrode disposed over the substrate and including a first
sub-electrode and a second sub-electrode electrically coupled to each other, and a second
touch electrode disposed over the substrate and intersecting the first touch electrode. The
first sub-electrode and the second sub-electrode are arranged in an extension direction of the
first touch electrode. The first sub-electrode includes a first strip-shaped electrode. The

second sub-electrode includes a second strip-shaped electrode. An angle between an
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extension direction of the first strip-shaped electrode and an extension direction of the second

strip-shaped electrode is non-zero.
BRIEF DESCRIPTION OF THE FIGURES

[6] 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.

7] FIG. 1 illustrates a schematic view of a conventional touch panel;

[8] FIG. 2 illustrates a schematic view of another conventional touch panel;

[9] FIG. 3 illustrates a schematic view of a mutual capacitive touch screen formed by

touch panels as shown in FIG. 2;

[10] FIG. 4A illustrates a schematic view of an exemplary touch panel according to

various disclosed embodiments of the present disclosure;

[11] FIG. 4B illustrates a schematic view of an exemplary first touch electrode according

to various disclosed embodiments of the present disclosure;

[12] FIG. 5 illustrates a schematic view of an exemplary mutual capacitive touch screen
formed by the exemplary touch panels as shown in FIG. 4A according to various disclosed

embodiments of the present disclosure;

[13] FIG. 6 illustrates a simulated diagram of the polyline-shaped gaps stacked with a

light-shielding matrix in a touch display device;

[14] FIG. 7 illustrates a comparison between an optical path of light reflected at linear

edges and an optical path of light reflected at polyline-shaped edges;

[15] FIG. 8 illustrates a schematic view of another exemplary touch panel according to

various disclosed embodiments of the present disclosure;

[16] FIG. 9 illustrates a schematic view of another exemplary touch panel according to

various disclosed embodiments of the present disclosure;

[17] FIG. 10 illustrates a schematic view of an exemplary mutual capacitive touch screen

according to various disclosed embodiments of the present disclosure;
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[18] FIG. 11 illustrates a schematic view of an exemplary touch display device according

to various disclosed embodiments of the present disclosure;

[19] FIG. 12 illustrates a flow chart of an exemplary process of fabricating an exemplary
on-cell type mutual capacitive touch screen according to various disclosed embodiments of

the present disclosure; and

[20] FIG. 13 illustrates a flow chart of an exemplary process of fabricating an exemplary
one-glass-solution type mutual capacitive touch screen according to various disclosed

embodiments of the present disclosure.
DETAILED DESCRIPTION

[21] Exemplary embodiments of the disclosure will now be described in more detail with
reference to the drawings. It is to be noted that, the following descriptions of some
embodiments are presented herein for purposes of illustration and description only, and are

not intended to be exhaustive or to limit the scope of the present disclosure.

[22] The aspects and features of the present disclosure can be understood by those skilled
in the art through the exemplary embodiments of the present disclosure further described in

detail with reference to the accompanying drawings.

[23] FIG. 1 illustrates a schematic view of a conventional touch panel 100. As shown in
FIG. 1, the conventional touch panel 100 includes a first touch electrode 1 and a second touch
electrode 2 arranged to intersect each other and arranged in a same layer. The first touch
electrode 1 includes a first sub-electrode 3 and a second sub-electrode 4 arranged in a first
direction X. The first sub-electrode 3 and the second sub-electrode 4 are located on two sides
of the second touch electrode 2, respectively. The first sub-electrode 3 and the second sub-
electrode 4 are electrically coupled by direct coupling. The second touch electrode 2 includes
a third sub-electrode 5 and a fourth sub-electrode 6, arranged in a second direction Y. The
third sub-electrode 5 and the fourth sub-electrode 6 are located on two sides of the first touch
electrode 1, respectively. Further, the third sub-electrode 5 and the fourth sub-electrode 6 are
electrically coupled through a metal bridge wire 7. The four sub-electrodes 3, 4, 5, and 6 are

triangular electrodes with a relatively large size.

[24] In the touch panel 100 shown in FIG. 1, an edge region 8 of a triangular electrode
has a relatively high brightness, because a gap existing near the edge region 8 has a relatively

high light transmittance. A middle region 9 of the triangular electrode has a relatively low



WO 2018/166189 PCT/CN2017/105355

brightness. As a result, an image of the triangular electrode can be observed by a user. Thus,
the performance of the touch panel shown in FIG. 1 to remove undesired electrode images is

relatively poor.

[25] Another conventional touch panel will be described with reference to FIG. 2. FIG.
2 illustrates a schematic view of another conventional touch panel 200. The touch panel 200
includes a first electrode 1° and a second electrode 2°. The first electrode 1’ includes a first
sub-electrode 3’ and a second sub-electrode 4°. The second electrode 2’ includes a third sub-
electrode 5° and a fourth sub-electrode 6°. Different from the four sub-electrodes shown in
FIG. 1 which are triangular electrodes having a relatively large size, in the touch panel 200
shown in FIG. 2, the four sub-electrodes 3°, 4°, 5°, and 6’ are strip-shaped electrodes. As
shown in FIG. 2, the first sub-electrode 3° and the second sub-electrode 4’ both extend in a
first direction X and are on a same straight line. The third sub-electrode 5° and the fourth
sub-electrode 6’ both extend in a second direction Y and are on a same straight line. The
third sub-electrode 5’ and the fourth sub-electrode 6’ are electrically coupled through a metal
bridge wire 7°. In addition, for uniform light transmittance in different regions of the touch
panel, dummy patterns 10 are provided over substrate regions where the touch electrodes (i.c.,
the four sub-electrodes) do not cover. The dummy patterns 10 have a same light
transmittance as the touch electrodes 1°, 2°, and have relatively small sizes. The dummy

patterns 10 are electrically insulated from the touch electrodes 1°, 2°.

[26] In the touch panel 200 shown in FIG. 2, because sizes of the strip-shaped electrodes
and the dummy patterns 10 are relatively small, the high brightness at edges of the electrodes
can cause the brightness of the middle regions of the electrodes to increase. As a result, the
brightness in most regions of the strip-shaped electrodes and the dummy patterns 10 are
relatively high, and a user may not observe electrode images, and thus a performance of

eliminating undesired electrode images is improved.

[27] However, when the touch panels 200 shown in FIG. 2 are applied to a mutual
capacitive touch screen, long-strip-shaped moire fringes are generated on the mutual
capacitive touch screen. FIG. 3 illustrates a schematic view of a mutual capacitive touch
screen formed by touch panels in FIG. 2. As shown in FIG. 3, when parallel light emitted
from a backlight source passes through the touch panels, because regions covered by
electrodes such as the touch electrodes 1°, 2° and the dummy patterns 10 have a different

transmittance as compared to regions without electrodes such as gaps 11, multi-slit
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interference of transmitted light occurs at the gaps 11, causing moire fringes to appear at the
gaps 11. Because the gaps between the dummy patterns 10 are irregularly arranged, no long-
strip-shaped type moire fringes appear. As a result, corresponding moire fringes are not clear.
However, the gaps between the dummy patterns 10 and the touch electrodes 1°, 2° are
regularly arranged. For example, for the first touch electrodes 1°, the moire fringes at the
edges of the first touch electrodes 1’ in a same column are coupled to each other, and
arranged on a same straight line. Thus, a relatively long vertical long-strip-shaped moire

fringe region 12 appears. As a result, moire fringes are clear.

[28] Thus, conventional touch panels cannot suppress an appearance of moire fringes

while ensuring eliminations of undesired electrode images.

[29] FIG. 4A illustrates a schematic view of an exemplary touch panel 400 according to
various disclosed embodiments of the present disclosure. As shown in FIG. 4A, the touch
panel 400 includes a substrate, and a first touch electrode 1°° and a second touch electrode 2’
arranged to intersect each other and arranged over the substrate. The first touch electrode 1°°
includes a first sub-electrode 3’ and a second sub-clectrode 4°°. The first sub-electrode 3’
and the second sub-electrode 4°’ are arranged in a first direction X. The first sub-electrode 3’
and the second sub-¢lectrode 4°° are located on two sides of the second touch ¢lectrode 2°°,
respectively, and are electrically coupled to each other. The first sub-electrode 3’ at least
includes one first strip-shaped electrode 301. The second sub-electrode 4°” at least includes
one second strip-shaped electrode 401 which is configured corresponding to the first strip-
shaped electrode 301. An extension direction A of the first strip-shaped electrode 301 is not

on a same straight line as an extension direction B of the second strip-shaped electrode 401.

[30] In some embodiments, the first touch electrode 1°” and the second touch electrode
2°’ can be arranged in a same layer. In some other embodiments, the first touch electrode 1’
and the second touch electrode 2°° can be arranged in different layers. In some embodiments
of the present disclosure, descriptions are made with respect to the scenarios that the first
touch electrode 1°° and the second touch electrode 2°° are arranged in a same layer as

examples.

[31] In some embodiments, because the extension direction A of the first striped-shaped
electrode 301 is not on a same straight line as the extension direction B of the second strip-
shaped electrode 401, after dummy patterns 10 are disposed, a first portion of a gap 11°

between the first strip-shaped electrode 301 and the dummy patterns 10’ is not on a same
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straight line as a second portion of the gap 11° between the second strip-shaped electrode 401
and the dummy patterns 10°. A polyline type geometrical relationship is formed between the
first portion of the gap 11” and the second portion of the gap 11°. The dummy patterns 10’
are electrically insulated from both the first touch electrode 1’ and the second touch

electrode 2°°.

[32] In some embodiments, a dummy pattern, e.g., the dummy pattern 10°, may include a

same material as a touch electrode, e.g., the first touch electrode 1°°.

[33] In some embodiments, a material of the touch electrodes 1°°, 2°” and the dummy

patterns 10° may include indium tin oxide (ITO).

[34] In the present disclosure, a strip-shaped electrode may include at least one of a
straight-line-type strip-shaped electrode, e.g., the first strip-shaped electrode 301 shown in
FIG. 4A, a curved-line-type strip-shaped electrode, or another type of strip-shaped electrode.
That is, strip-shape may include at least one of a straight-line-type strip-shape, a curved-line-
type strip-shape, or another type of strip-shape. In the present disclosure, the type of strip-
shaped electrode may include at least one of a straight-line-type, a curved-line-type, or
another suitable type, which is not restricted and may be selected according to various

application scenarios.

[35] For example, the first strip-shaped electrode 301 may include a curved-line-type
strip-shaped electrode as described below. FIG. 4B illustrates a schematic view of an
exemplary first touch electrode according to various disclosed embodiments of the present
disclosure. As shown in FIG. 4B, the first touch electrode 1°° includes a first sub-electrode 3’
and a second sub-electrode 4°°. The first sub-electrode 3’ and the second sub-electrode 4°’
are arranged in a first direction X. The first sub-electrode 3°” at least includes one first strip-
shaped electrode 301. The second sub-electrode 4°° at least includes one second strip-shaped
electrode 401 which is configured corresponding to the first strip-shaped electrode 301. An
extension direction A of the first strip-shaped electrode 301 is not on a same straight line as
an extension direction B of the second strip-shaped electrode 401. Different from FIG. 4A, in
FIG. 4B, the first strip-shaped electrode 301 includes a curved-line-type strip-shaped
electrode, instead of a straight-line-type strip-shaped electrode, and the second strip-shaped
electrode 401 includes a curved-line-type strip-shaped electrode, instead of a straight-line-
type strip-shaped electrode. A strip of a curved-line-type strip-shaped electrode follows a

curved-line. An extension direction A of the first strip-shaped electrode 301 that includes a
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curved-line-type strip-shaped electrode may refer to, for example, an overall direction for the
curved-line-type strip-shaped electrode. The overall direction for the curved-line-type strip-
shaped electrode may be defined as, for example, a direction following a straight line that is a
least-square-fitting line for the curved-line of the curved-line-type strip-shaped electrode.
Similarly, an extension direction B of the second strip-shaped electrode 401 that includes a
curved-line-type strip-shaped electrode may refer to, for example, an overall direction for the
curved-line-type strip-shaped electrode, and may be defined in a similar manner described

above.

[36] FIG. 5 illustrates a schematic view of an exemplary mutual capacitive touch screen
500 formed by the exemplary touch panels 400 as shown in FIG. 4A according to various
disclosed embodiments of the present disclosure. As shown in FIG. 5, the gap 11° between
the first touch electrodes 1°” and the dummy patterns 10’ in the mutual capacitive touch panel

500 has a polyline shape.

[37] A light-shielding matrix may be provided in a touch display device. The light-
shielding matrix may include a plurality of lateral light-shielding strips in parallel and a
plurality of vertical light-shielding strips in parallel. Further, the lateral light-shielding strips
may generally have greater widths than the vertical light-shielding strips. FIG. 6 illustrates a
simulated diagram of the polyline-shaped gaps 11° stacked with a light-shielding matrix 15 in
a touch display device. As shown in FIG. 6, the light-shielding matrix 15 "divides" the
polyline-shaped gaps 11’ into a plurality of relatively small portions, i.e., portions of the
polyline-shaped gaps 11° not covered by the light-shielding matrix 15, that are arranged
irregularly. Although the portions of the gaps 11’ not covered by the light-shielding matrix
15 may still have moire fringes, the moire fringes are not clear and long-strip-shaped moire
fringes do not exist because the portions are relatively small and irregularly arranged. Thus,
the electrode structure of the touch panel 400 may suppress an appearance of strip-shaped

moire fringes extending in the first direction X.

[38] In some embodiments, an angle a between the extension direction A of the first
strip-shaped electrode 301 and the first direction X may range from approximately 20° to
approximately 25°. An angle § between the extension direction B of the second strip-shaped
electrode 401 and the first direction X may range from approximately 20° to approximately
25°. In this case, a performance of weakening moire fringes may be better. Further, in some

other embodiments, the angle a between the extension direction A of the first strip-shaped
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electrode 301 and the first direction X may be approximately 22.5°. The angle B between the
extension direction B of the second strip-shaped electrode 401 and the first direction X may

be approximately 22.5°.

[39] In some embodiments of the present disclosure, the angle o between the extension
direction A of the first strip-shaped electrode 301 and the first direction X may be selected in
a range from approximately 20° to approximately 25°, and the angle B between the extension
direction B of the second strip-shaped electrode 401 and the first direction X may be selected
in a range from approximately 20° to approximately 25°, according to various application
scenarios. In the present disclosure, moire fringes can be suppressed by arranging the
extension direction A of the first strip-shaped electrode 301 on a straight line different from

the extension direction B of the second strip-shaped electrode 401.

[40] In some embodiments, the second touch electrode 2°° includes a third sub-electrode
5°” and a fourth sub-electrode 6°°. The third sub-electrode 5°° and the fourth sub-electrode 6’
are arranged in the second direction Y. The third sub-electrode 5° and the fourth sub-
electrode 6°” are located on two sides of the first touch electrode 1°°, respectively, and are
electrically coupled to each other. The third sub-electrode 5’ includes a third strip-shaped
electrode 501, and the fourth sub-electrode 6’ includes a fourth strip-shaped electrode 601.

[41] In some embodiments, the touch electrodes 1°°, 2°° and the dummy patterns 10’
over the substrate are relatively small electrodes, such as relatively small strip-shaped
electrodes. Thus, the touch electrodes 1°°, 2°” and the dummy patterns 10” have a relatively

good performance of eliminating electrode images.

[42] In some embodiments, edges of the dummy patterns 10° may have polyline shapes.
Edges of the first touch electrode 1°° and the second touch electrode 2’ may also have
polyline shapes. FIG. 7 illustrates a comparison between an optical path of light reflected at
linear edges and an optical path of light reflected at polyline-shaped edges. As shown in FIG.
7, the substrate has different reflectance as compared to the electrodes such as the touch
electrodes 17, 2”’, and the dummy patterns 10°. Thus, reflected light after passing through a
region 13 over the substrate covered by electrodes has a different intensity as compared to
reflected light after passing through a region 14 over the substrate not covered by electrodes.
In a linear edge scheme, because the reflected light does not interfere, a user can see clear
boundaries between bright and dark regions at the edges of the electrodes. In a polyline-

shaped edge scheme, because the reflected light interferes, the luminance superposition effect
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is generated in most regions at the edges of the electrodes. Thus, the user may not see clear
boundaries between bright and dark regions at the edges of the electrodes. Thus, according to
the present disclosure, the performance of eliminating electrode images can be further
improved by configuring the edges of the touch electrodes 1°°, 2°” and the dummy patterns 10’

in polyline shapes.

[43] In some embodiments, angles at turning points of polyline-shaped edges of the
dummy patterns 10 may range from approximately 30° to approximately 150°. Angles at
turning points of polyline-shaped edges of the first touch electrodes may range from
approximately 30° to approximately 150°. Angles at turning points of polyline-shaped edges

of the second touch electrodes may range from approximately 30° to approximately 150°.

[44] In some embodiments, as shown in FIG. 4A, the third strip-shaped electrode 501
and the fourth strip-shaped electrode 601 appear to be located on a same straight line, which
is merely for illustrative purposes and does not limit the scope of the present disclosure. In
some other embodiments, the third strip-shaped electrode 501 can be located on a straight
line different from the fourth strip-shaped electrode 601. Whether or not the third strip-
shaped electrode 501 and the fourth strip-shaped electrode 601 are located on a same straight
line is not restricted in the present disclosure, and can be selected according to various

application scenarios.

[45] In addition, the direct coupling between the first sub-electrode 3’ and the second
sub-clectrode 4°” shown in FIG. 4A is merely for illustrative purposes and does not limit the
scope of the present disclosure. The coupling between the third sub-electrode 5°” and the
fourth sub-electrode 6’ through a metal bridge wire 7°* shown in FIG. 4A is merely for

illustrative purposes and does not limit the scope of the present disclosure.

[46] The present disclosure provides a touch panel. The touch panel not only can have a
relatively good performance of eliminating electrode images, but also can suppress

appearance of moire fringes.

[47] FIG. 8 illustrates a schematic view of another exemplary touch panel 800 according
to various disclosed embodiments of the present disclosure. In some embodiments, as shown
in FIG. 8, the first touch electrode 1°’ in the touch panel 800 has a same structure as the first
touch electrode 1°’ in the touch panel 400. Reference can be made to the descriptions about

the first touch electrode 1’ in the touch panel 400, which will not be described here again.
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Different from the touch panel 400, in the touch panel 800 shown in FIG. 8, an extension
direction C of the third strip-shaped electrode 501 is not on a same straight line as an
extension direction D of the fourth strip-shaped electrode 601. Accordingly, a third portion
of the gap 11° between the third strip-shaped electrode 501 and the dummy patterns 10’ is not
located on a same straight line as a fourth portion of the gap 11’ between the fourth strip-
shaped electrode 601 and the dummy patterns 10°. A polyline type geometrical relationship
is formed between the third portion of the gap 11’ and the fourth portion of the gap 11°. That
is, the portions of the gap 11’ between the second touch electrode 2’ and the dummy patterns
10’ in the touch panel 800 have a polyline shape. Accordingly, the portions of the gap 11’
between the second touch electrodes 2°° and the dummy patterns 10 in a corresponding

mutual capacitive touch screen have polyline shapes.

[48] Similarly, a light-shielding matrix may "divide" the polyline-shaped gap 11 into a
plurality of relatively small and irregularly arranged portions, such that an appearance of

strip-shaped moire fringes extending in the second direction Y can be suppressed.

[49] In some embodiments, an angle y between an extension direction C of the third
strip-shaped electrode 501 and the second direction Y may range from approximately 20° to
approximately 25°. An angle of 8 between an extension direction D of the fourth strip-
shaped electrode 601 and the second direction Y may range from approximately 20° to
approximately 25°. Accordingly, performance of weakening moire fringes may be relatively
good. Further, in some other embodiments, the angle y between the extension direction C of
the third strip-shaped electrode 501 and the second direction Y may be approximately 22.5°.
The angle 0 between the extension direction D of the fourth strip-shaped electrode 601 and

the second direction Y may be approximately 22.5°.

[50] Technical solutions of the present disclosure not only may suppress an appearance
of strip-shaped moire fringes extending in the first direction X, but also may suppress an

appearance of strip-shaped moire fringes extending in the second direction Y.

[51] FIG. 9 illustrates a schematic view of another exemplary touch panel 900 according
to various disclosed embodiments of the present disclosure. As shown in FIG. 9, the second
touch electrode 2°’ in the touch panel 900 has a same structure as the second touch electrode
2’’ in the touch panel 400. Reference can be made to the descriptions about the second touch
electrode 2°” in the touch panel 400, which will not be described here again. Different from

the touch panel 400, in the touch panel 900, the first sub-electrode 3°° further includes a fifth

10
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strip-shaped electrode 302, a sixth strip-shaped electrode 304, and a seventh strip-shaped
electrode 303, besides the first strip-shaped electrode 301. The fifth strip-shaped electrode
302 and the first strip-shaped electrode 301 are symmetrical with respect to a first symmetry
axis P. The fifth strip-shaped electrode 302 and the first strip-shaped electrode 301 each has
one end that is closer to the second touch electrode 2°°, and another end that is further away
from the second touch electrode 2°°. A first end of the sixth strip-shaped electrode 304 is
coupled to one end of the first strip-shaped electrode 301 that is closer to the second touch
electrode 2°°. A second end of the sixth strip-shaped electrode 304 is coupled to one end of
the fifth strip-shaped electrode 302 that is closer to the second touch electrode 2°°. A first
end of the seventh strip-shaped electrode 303 is coupled to the end of the first strip-shaped
electrode 301 that is further away from the second touch electrode 2°°. A second end of the
seventh strip-shaped electrode 303 is coupled to the end of the fifth strip-shaped electrode

302 that is further away from the second touch electrode 2°°.

[52] In some embodiments, the second sub-¢lectrode 4’ and the first sub-electrode 3’

have a same shape, and are symmetrically arranged with respect to a second symmetry axis Q.

[53] The first symmetry axis P includes a straight line passing through an intersection of
the first touch electrode 1°° and the second touch electrode 2°°, and has an extension direction
in the first direction X. The second symmetry axis Q includes a straight line passing through
the intersection of the first touch clectrode 1°° and the second touch electrode 2°°, and has an

extension direction in the second direction Y.

[54] In comparison to the touch panel 400, in the touch panel 900, a direct-facing edge
between the first touch electrode 1°° and the second touch electrode 2°°, e.g., an edge of the
sixth strip-shaped electrode 304 on one side that directly faces the second touch electrode 2°’,
is longer. A longer direct-facing edge between the first touch electrode 1°” and the second
touch electrode 2°’ can effectively increase a mutual capacitance between the first touch
electrode 1°” and the second touch electrode 2”°, thereby effectively improving a touch

recognition accuracy of touch panel.

[55] In addition, the entire touch panel is symmetrical with respect to the first symmetry
axis and the second symmetry axis. Such a symmetrical structure can facilitate a better
distribution of corresponding electromagnetic field, making distributions of mutual

capacitance and self-capacitance more reasonable and integrated circuit (IC) tests easier.
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[56] In some embodiments, the second touch electrode 2°° can have a structure similar to
the second touch electrode 2°” of the touch panel 800 shown in FIG. 8, rather than that shown
in FIG. 9. The structure of the second touch electrode 2° in the touch panel 800 has been
described in detail, descriptions of which will not be repeated here. The drawing for such a

configuration is not shown here.

[57] The first touch electrode 17 of the present disclosure is not limited to that shown in
the drawings. The first touch electrode 1’ can be any touch electrode including the first
strip-shaped electrode 301 and the second strip-shaped electrode 401 extending in different

directions, such as the extension direction A and the extension direction B.

[58] In the present disclosure, a strip-shaped electrode may include at least one of a
straight-line-type strip-shaped electrode, a curved-line-type strip-shaped electrode, or another
type of strip-shaped electrode. That is, strip-shape may include at least one of a straight-line-
type strip-shape, a curved-line-type strip-shape, or another type of strip-shape. For example,
in some embodiments, the first strip-shaped electrode 301, the fifth strip-shaped electrode
302, the sixth strip-shaped electrode 304, and the seventh strip-shaped electrode 303 may
each include an arc-type strip-shaped electrode (not shown in FIG. 9), such that the first sub-
electrode 3°” may include a circular shape having a central open area (not shown in FIG. 9).
In the present disclosure, the type of strip-shaped electrode may include at least one of a
straight-line-type, a curved-line-type, or another suitable type, which is not restricted and

may be selected according to various application scenarios.

[59] The present disclosure provides a mutual capacitive touch screen. FIG. 10
illustrates a schematic view of an exemplary mutual capacitive touch screen 910 according to
various disclosed embodiments of the present disclosure. As shown in FIG. 10, the mutual
capacitive touch screen 910 includes a plurality of touch panels 912. The touch panel 912
can be any touch panel consistent with the disclosure, such as any one of the exemplary touch
panels 400, 800, and 900 described above. Reference can be made to the corresponding
descriptions, which will not be described here again. Any mutual capacitive touch screen
including a touch panel consistent with the disclosure is within the scope of the present

disclosure.

[60] In some embodiments of the present disclosure, as shown in FIG. 10, using the first
direction X as a column direction and the second direction Y as a row direction as examples,

touch panels 912 in the mutual capacitive touch screen form a touch array. Further, first
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touch electrodes 1°’ in pixel units located in a same column are coupled end-to-end and one-
by-one to form a signal transmission path extending in the column direction. The second

touch electrodes 2°’ in pixel units located in a same row are coupled end-to-end and one-by-
one to form a signal transmission path extending in the row direction. Principles of realizing
touch recognition through signal transmissions in the mutual capacitive touch screen will not

be further described here.

[61] In various application scenarios, a size of the touch panel can be selected according
to a size of the mutual capacitive touch screen and a touch recognition resolution. In some
embodiments of the present disclosure, the touch panel can have a rectangular shape, and a
length of each side of the rectangular shape can range from approximately 3 mm to

approximately 10 mm.

[62] The present disclosure provides a touch display device. FIG. 11 illustrates a
schematic view of an exemplary touch display device 915 according to various disclosed
embodiments of the present disclosure. As shown in FIG. 11, the touch display device 915
includes a mutual capacitive touch screen consistent with the disclosure, such as the mutual
capacitive touch screen 910. The mutual capacitive touch screen can be any mutual
capacitive touch screen consistent with the disclosure. Reference can be made to the
corresponding descriptions for the mutual capacitive touch screen, which will not be

described here again.

[63] The touch display device 915 can be, for example, a liquid crystal panel, an
electronic paper, an organic light-emitting diode (OLED) panel, an active-matrix organic
light-emitting diode (AMOLED) panel, a mobile phone, a tablet computer, a television, a
monitor, a notebook computer, a digital photo frame, a navigating instrument, or any other
suitable product or component having a touch display function. Any touch display device
including a mutual capacitive touch screen consistent with the disclosure is within the scope

of the present disclosure.

[64] In some embodiments, the mutual capacitive touch screen can include an embedded
mutual capacitive touch screen or a plug-in mutual capacitive touch screen. In some
embodiments, the embedded mutual capacitive touch screen may include an on-cell type
mutual capacitive touch screen. In some embodiments, the plug-in mutual capacitive touch

screen may include a one-glass-solution (OGS) type mutual capacitive touch screen.
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[65] Descriptions will now be made for a process of fabricating the on-cell type mutual
capacitive touch screen with reference to FIG. 12. FIG. 12 illustrates a flow chart of an
exemplary process of fabricating an exemplary on-cell type mutual capacitive touch screen

according to various disclosed embodiments of the present disclosure.

[66] At S9201, a pre-configured array substrate and a matching component are paired to

form a liquid crystal box.

[67] At §9202, an electrode layer is formed over an outer side of a substrate in the

matching component according to shapes of touch electrodes and dummy patterns, where the
electrode layer can include ITO as an example. In some embodiments, forming the electrode
layer includes ITO coating, photoresist coating, exposure, development, and etching, to form

a desired pattern of the touch electrodes and dummy patterns.

[68] At 59203, an insulating layer is formed. In some embodiments, forming the
insulating layer includes coating an insulating material which may be a photoresist, exposure,

and development, to form a desired pattern of the insulating layer.

[69] At S9204, metal bridge wires are formed. In some embodiments, forming the metal
bridge wires includes metal coating, photoresist coating, exposure, development, and etching,

to form a desired pattern of the metal bridge wires.

[70] Descriptions will be now made with reference to FIG. 13 for a process of fabricating
the OGS type mutual capacitive touch screen. FIG. 13 illustrates a flow chart of an
exemplary process of fabricating an exemplary one-glass-solution type mutual capacitive

touch screen according to various disclosed embodiments of the present disclosure.

[71] At S9301, a light-shielding matrix layer is formed over a substrate. In some
embodiments, forming the light-shielding matrix layer includes coating a light-shielding
material, exposure, and development, to form a desired pattern of the light-shielding matrix

layer.

[72] At S9302, an electrode layer is formed according to shapes of touch electrodes and
dummy patterns. In some embodiments, forming the electrode layer includes ITO coating,
photoresist coating, exposure, development, and etching, to form a desired pattern of the

touch electrodes and dummy patterns.
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[73] At S9303, an insulating layer is formed. In some embodiments, forming the
insulating layer includes coating an insulating material, exposure, and development, to form a

desired pattern of the insulating layer.

[74] At S9304, metal bridge wires are formed. In some embodiments, forming the metal
bridge wires includes metal coating, photoresist coating, exposure, development, and etching,

to form a desired pattern of the metal bridge wires.

[75] The present disclosure provides a touch panel, a mutual capacitive touch screen, and
a touch display device. The touch panel includes a substrate, and a first touch electrode and a
second touch electrode arranged to intersect each other and arranged over the substrate. The
first touch electrode may include a first sub-electrode and a second sub-electrode. The first
sub-electrode and the second sub-electrode may be arranged in a first direction, and may be
electrically coupled. The first sub-electrode may at least include one first strip-shaped
electrode. The second sub-electrode may at least include one second strip-shaped electrode.
An extension direction of the first strip-shaped electrode may not be on a same straight line as
an extension direction of the second strip-shaped electrode. The touch panel of the present
disclosure not only can have a relatively good performance of eliminating electrode images,

but also can suppress the appearance of moire fringes.

[76] The foregoing description of the embodiments of the disclosure has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to persons skilled in this art. The
embodiments are chosen and described in order to explain the principles of the technology,
with various modifications suitable to the particular use or implementation contemplated. It
is intended that the scope of the invention be defined by the claims appended hereto and their
equivalents in which all terms are meant in their broadest reasonable sense unless otherwise

% e

indicated. Therefore, the term “the disclosure,” “the present disclosure,” or the like does not
necessarily limit the claim scope to a specific embodiment, and the reference to exemplary
embodiments of the disclosure does not imply a limitation on the invention, and no such

% ¢

limitation is to be inferred. Moreover, the claims may refer to “first,” “second,” etc.,
followed by a noun or element. Such terms should be understood as a nomenclature and

should not be construed as giving the limitation on the number of the elements modified by

15



WO 2018/166189 PCT/CN2017/105355

such nomenclature unless specific number has been given. Any advantages and benefits
described may or may not apply to all embodiments of the disclosure. It should be
appreciated that variations may be made to the embodiments described by persons skilled in
the art without departing from the scope of the present disclosure. Moreover, no element or
component in the present disclosure is intended to be dedicated to the public regardless of

whether the element or component is explicitly recited in the following claims.
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WHAT IS CLAIMED I8S:

1. A touch panel, comprising:
a substrate;
a first touch electrode disposed over the substrate and including a first sub-electrode
and a second sub-electrode electrically coupled to each other, wherein:

the first sub-electrode and the second sub-electrode are arranged in an
extension direction of the first touch electrode,

the first sub-electrode includes a first strip-shaped electrode,

the second sub-electrode includes a second strip-shaped electrode, and

an angle between an extension direction of the first strip-shaped electrode and
an extension direction of the second strip-shaped electrode is non-zero; and
a second touch electrode disposed over the substrate and intersecting the first touch

electrode.

2. The touch panel according to claim 1, wherein:
an angle between the extension direction of the first strip-shaped electrode and the
extension direction of the first touch electrode ranges from approximately 20° to

approximately 25°.

3. The touch panel according to claim 1 or 2, wherein:
an angle between the extension direction of the second strip-shaped electrode and the
extension direction of the first touch electrode ranges from approximately 20° to

approximately 25°.

4. The touch panel according to claim 1, wherein:
an angle between the extension direction of the first strip-shaped electrode and the

extension direction of the first touch electrode is approximately 22.5°.

5. The touch panel according to claim 1 or 4, wherein:
an angle between the extension direction of the second strip-shaped electrode and the

extension direction of the first touch electrode is approximately 22.5°.

6. The touch unit according to claim 1, wherein:

the first sub-electrode further includes a third strip-shaped electrode,
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the third strip-shaped electrode and the first strip-shaped electrode are symmetrically
arranged with respect to a symmetry axis passing through an intersection of the first touch
electrode and the second touch electrode and extending along the extension direction of the
first touch electrode,

the first sub-electrode further includes a fourth strip-shaped electrode and a fifth strip-
shaped electrode,

a first end of the fourth strip-shaped electrode is coupled to a first end of the first
strip-shaped electrode that is closer to the second touch electrode,

a second end of the fourth strip-shaped electrode is coupled to a first end of the third
strip-shaped electrode that is closer to the second touch electrode,

a first end of the fifth strip-shaped electrode is coupled to a second end of the first
strip-shaped electrode that is further away from the second touch electrode, and

a second end of the fifth strip-shaped electrode is coupled to a second end of the third

strip-shaped electrode that is further away from the second touch electrode.

7. The touch panel according to claim 1, wherein:
the first sub-electrode and the second sub-electrode are on a same side with respect to
a straight line passing through an intersection of the first touch electrode and the second

touch electrode and extending in the extension direction of the first touch electrode.

8. The touch panel according to claim 1, wherein:

the second sub-electrode has a same shape as the first sub-electrode, and

the second sub-electrode and the first sub-electrode are symmetrically arranged with
respect to a symmetry axis passing through an intersection of the first touch electrode and the
second touch electrode and extending in a direction in which the second touch electrode is

arranged.

9. The touch panel according to claim 1, wherein:

the second touch electrode includes a third sub-electrode and a fourth sub-electrode
electrically coupled to each other, the third sub-electrode and the fourth sub-electrode being
arranged in an extension direction of the second touch electrode and located on two sides of
the first touch electrode, respectively,

the third sub-electrode includes a third strip-shaped electrode, and

the fourth sub-electrode includes a fourth strip-shaped electrode.
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10.  The touch panel according to claim 9, wherein:
an angle between an extension direction of the third strip-shaped electrode and an

extension direction of the fourth strip-shaped electrode is non-zero.

11.  The touch panel according to claim 10, wherein:
an angle between the extension direction of the third strip-shaped electrode and the
extension direction of the second touch electrode ranges from approximately 20° to

approximately 25°.

12.  The touch panel according to claim 10 or 11, wherein:
an angle between the extension direction of the fourth strip-shaped electrode and the
extension direction of the second touch electrode ranges from approximately 20° to

approximately 25°.

13.  The touch panel according to claim 10, wherein:
an angle between the extension direction of the third strip-shaped electrode and the

extension direction of the second touch electrode is approximately 22.5°.

14.  The touch panel according to claim 10 or 13, wherein:
an angle between the extension direction of the fourth strip-shaped electrode and the

extension direction of the second touch electrode is approximately 22.5°.

15.  The touch panel according to claim 9, wherein:

the third strip-shaped electrode and the fourth strip-shaped electrode are
symmetrically arranged with respect to a symmetry axis passing through an intersection of
the first touch electrode and the second touch electrode and extending in the extension

direction of the second touch electrode.

16.  The touch panel according to claim 1, further comprising:

a plurality of dummy patterns arranged over the substrate,

wherein:

the plurality of dummy patterns are electrically insulated from each other, and

the plurality of dummy patterns are arranged in a same layer as the first touch
electrode and the second touch electrode, and are electrically insulated from the first touch

electrode and the second touch electrode.
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17.  The touch panel according to claim 16, wherein:
the plurality of dummy patterns are arranged in regions not covered by the first touch

electrode and the second touch electrode.

18.  The touch panel according to claim 17, wherein:

the first sub-electrode has a closed-loop shape.

19.  The touch panel according to claim 18, wherein:

the first sub-electrode further includes a third strip-shaped electrode, a fourth strip-
shaped electrode, and a fifth strip-shaped electrode,

the third strip-shaped electrode and the first strip-shaped electrode are symmetrically
arranged with respect to a symmetry axis passing through an intersection of the first touch
electrode and the second touch electrode and extending along the extension direction of the
first touch electrode;

a first end of the fourth strip-shaped electrode is coupled to a first end of the first
strip-shaped electrode that is closer to the second touch electrode,

a second end of the fourth strip-shaped electrode is coupled to a first end of the third
strip-shaped electrode that is closer to the second touch electrode,

a first end of the fifth strip-shaped electrode is coupled to a second end of the first
strip-shaped electrode that is further away from the second touch electrode, and

a second end of the fifth strip-shaped electrode is coupled to a second end of the third

strip-shaped electrode that is further away from the second touch electrode.

20.  The touch panel according to claim 17, wherein:

an edge of the first touch electrode has a polyline shape;

an edge of the second touch electrode has a polyline shape;

edges of the plurality of dummy patterns have polyline shapes; and

edges of the plurality of dummy patterns match the edge of the first touch electrode
and the edge of the second touch electrode to form polyline-shaped gaps.

21.  The touch panel according to claim 20, wherein:

shapes of the plurality of dummy patterns include polygon shapes.

20



WO 2018/166189 PCT/CN2017/105355

22.  The touch panel according to claim 20, wherein an angle at a turning point of a
polyline shaped edge of one of the dummy patterns ranges from approximately 30° to

approximately 150°.

23.  The touch panel according to claim 20, wherein:

an angle at a turning point of a polyline shaped edge of the first touch electrode ranges
from approximately 30° to approximately 150°, and

an angle at a turning point of a polyline shaped edge of the second touch electrode

ranges from approximately 30° to approximately 150°.

24, The touch panel according to any one of claims 1, 2, 4, 6-11, 13, and 15-19,
wherein an edge of the first touch electrode has a polyline shape, and an edge of the second

touch electrode has a polyline shape.

25.  The touch panel according to claim 24, wherein:

an angle at a turning point of a polyline shaped edge of the first touch electrode ranges
from approximately 30° to approximately 150°, and

an angle at a turning point of a polyline shaped edge of the second touch electrode

ranges from approximately 30° to approximately 150°.

26. A mutual capacitive touch screen, comprising a touch panel according to any

one of claims 1, 2, 4, 6-11, 13, or 15-23.

27. A touch display device, comprising a mutual capacitive touch screen

according to claim 26.
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FIG. 12
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FIG. 13
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