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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a substrate, a plurality of first pads, a plurality of
second pads, a first data line and a touch signal line. The
substrate has a first bonding area and a second bonding area.
The first pads are disposed in the first bonding area and
arranged along a first direction. The second pads are dis-
posed in the second bonding area and arranged along a
second direction. There is an included angle between the
first direction and the second direction. The first data line is
disposed on the substrate and electrically connected to at
least one of the first pads or the second pads. The touch
signal line is disposed on the substrate and electrically
connected to at least another one of the first pads or the
second pads. The first data line at least partially overlaps the
touch signal line.
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ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of China Appli-
cation No. 202210250413.X, filed Mar. 15, 2022, the
entirety of which is incorporated by reference herein.

BACKGROUND

Technical Field

[0002] The present disclosure is related to an electronic
device, and in particular it is related to a wiring structure
design of an electronic device.

Description of the Related Art

[0003] Electronic products including display panels, such
as tablet computers, notebook computers, smartphones, dis-
plays and televisions, have become indispensable necessities
in modern society. With the rapid development of these
portable electronics, consumers have high expectations on
their quality, functionality, or price.

[0004] In recent years, the display panel has been devel-
oping towards a narrow-frame design that reduces the area
of the peripheral region of the array substrate. The configu-
ration of the wiring of the fan-out area in the peripheral
region is one of the key factors affecting the area of the
peripheral region. The development of a wiring structure
design that can further reduce the area of the peripheral
region of the electronic device is still one of the current
research topics in the industry.

SUMMARY

[0005] Inaccordance with some embodiments of the pres-
ent disclosure, an electronic device is provided. The elec-
tronic device includes a substrate, a plurality of first pads, a
plurality of second pads, a first data line and a touch signal
line. The substrate has a first bonding area and a second
bonding area. The plurality of first pads are disposed in the
first bonding area and arranged along a first direction. The
plurality of second pads are disposed in the second bonding
area and arranged along a second direction. There is an
included angle between the first direction and the second
direction. The first data line is disposed on the substrate and
electrically connected to at least one of the plurality of first
pads or the plurality of second pads. The touch signal line is
disposed on the substrate and electrically connected to at
least another one of the plurality of first pads or the plurality
of second pads. The first data line at least partially overlaps
the touch signal line.

[0006] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The disclosure may be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0008] FIG. 1 is a top-view diagram of an electronic
device in accordance with some embodiments of the present
disclosure;

Sep. 21, 2023

[0009] FIG. 2 is a top-view diagram of a partial structure
of an electronic device in accordance with some embodi-
ments of the present disclosure;

[0010] FIG. 3A is an enlarged structural diagram of region
R1 of FIG. 1 in accordance with some embodiments of the
present disclosure;

[0011] FIG. 3B is an enlarged structural diagram of region
R2 of FIG. 3A in accordance with some embodiments of the
present disclosure;

[0012] FIG. 3C is an enlarged structural diagram of region
R3 of FIG. 3B in accordance with some embodiments of the
present disclosure;

[0013] FIG. 4Ais a top-view diagram of a partial structure
of an electronic device in accordance with some embodi-
ments of the present disclosure;

[0014] FIG. 4B is a top-view diagram of a partial structure
of an electronic device in accordance with some embodi-
ments of the present disclosure;

[0015] FIG. 4C is an enlarged structural diagram of region
R4 of FIG. 4B in accordance with some embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0016] The electronic device according to the present
disclosure is described in detail in the following description.
It should be understood that in the following detailed
description, for purposes of explanation, numerous specific
details and embodiments are set forth in order to provide a
thorough understanding of the present disclosure. The ele-
ments and configurations described in the following detailed
description are set forth in order to clearly describe the
present disclosure. These embodiments are used merely for
the purpose of illustration, and the present disclosure is not
limited thereto. In addition, different embodiments may use
like and/or corresponding numerals to denote like and/or
corresponding elements in order to clearly describe the
present disclosure. However, the use of like and/or corre-
sponding numerals of different embodiments does not sug-
gest any correlation between different embodiments.
[0017] It should be understood that relative expressions
may be used in the embodiments. For example, “lower”,
“bottom”, “higher” or “top” are used to describe the position
of one element relative to another. It should be appreciated
that if a device is flipped upside down, an element that is
“lower” will become an element that is “higher”. The
present disclosure can be understood by referring to the
following detailed description in connection with the accom-
panying drawings. The drawings are also regarded as part of
the description of the present disclosure. It should be under-
stood that the drawings of the present disclosure may be not
drawn to scale. In fact, the size of the elements may be
arbitrarily enlarged or reduced to clearly represent the fea-
tures of the present disclosure.

[0018] Furthermore, the expression “a first material layer
is disposed on or over a second material layer” may indicate
that the first material layer is in direct contact with the
second material layer, or it may indicate that the first
material layer is in indirect contact with the second material
layer. In the situation where the first material layer is in
indirect contact with the second material layer, there may be
one or more intermediate layers between the first material
layer and the second material layer. However, the expression
“the first material layer is directly disposed on or over the
second material layer” means that the first material layer is
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in direct contact with the second material layer, and there is
no intermediate element or layer between the first material
layer and the second material layer.

[0019] Moreover, it should be understood that the ordinal
numbers used in the specification and claims, such as the
terms “first”, “second”, etc., are used to modify an element,
which itself does not mean and represent that the element (or
elements) has any previous ordinal number, and does not
mean the order of a certain element and another element, or
the order in the manufacturing method. The use of these
ordinal numbers is to make an element with a certain name
can be clearly distinguished from another element with the
same name. Claims and the specification may not use the
same terms. For example, the first element in the specifica-
tion may refer to the second element in the claims.

[0020] Inaccordance with the embodiments of the present
disclosure, regarding the terms such as “connected to”,
“interconnected with”, etc. referring to bonding and con-
nection, unless specifically defined, these terms mean that
two structures are in direct contact or two structures are not
in direct contact, and other structures are provided to be
disposed between the two structures. The terms for bonding
and connecting may also include the case where both
structures are movable or both structures are fixed. In
addition, the term “electrically connected to” or “electrically
coupled to” may include any direct or indirect electrical
connection means.

[0021] In the following descriptions, terms “about” and
“substantially” typically mean+/-10% of the stated value, or
typically +/-5% of the stated value, or typically +/-3% of
the stated value, or typically +/-2% of the stated value, or
typically +/-1% of the stated value or typically +/-0.5% of
the stated value. The expression “in a range from the first
value to the second value” or “between the first value and the
second value” means that the range includes the first value,
the second value, and other values in between.

[0022] It should be understood that in the following
embodiments, without departing from the spirit of the pres-
ent disclosure, the features in several different embodiments
can be replaced, recombined, and mixed to complete another
embodiment. The features between the various embodi-
ments can be mixed and matched arbitrarily as long as they
do not violate or conflict the spirit of the present disclosure.

[0023] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. It should be appreciated that, in each
case, the term, which is defined in a commonly used
dictionary, should be interpreted as having a meaning that
conforms to the relative skills of the present disclosure and
the background or the context of the present disclosure, and
should not be interpreted in an idealized or overly formal
manner unless so defined.

[0024] Inaccordance with the embodiments of the present
disclosure, an electronic device is provided, which has data
lines and touch signal lines configured in a specific wiring
manner. For example, by rearranging pads, overlapping data
lines and touch signal lines, etc., the numbers of the data
lines and the touch signal lines are respectively matched
with the pixels, so as to reduce the wiring configuration area
of the fan-out area, thereby reducing the area of the periph-
eral region, and realizing the narrow frame design of the
electronic device.
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[0025] Inaccordance with the embodiments of the present
disclosure, the electronic device may include a display
device, a sensing device or a tiled device, but it is not limited
thereto. The electronic device may be a bendable or flexible
electronic device. The display device may be a non-self-
luminous display device or a self-luminous display device.
The sensing device may be a sensing device for sensing
capacitance, light, heat or ultrasonic, but it is not limited
thereto. The electronic device may include electronic com-
ponents. The electronic components may include passive
components and active components, such as capacitors,
resistors, inductors, diodes, transistors, and the like. The
diodes may include light-emitting diodes or photodiodes.
The light-emitting diodes may, for example, include organic
light-emitting diodes (OLEDs), mini light-emitting diodes
(mini LEDs), micro light-emitting diodes (micro LEDs) or
quantum dot light-emitting diodes (quantum dot LEDs), but
it is not limited to. The tiled device may be, for example, a
display tiled device or an antenna tiled device, but it is not
limited thereto. It should be noted that the electronic device
can be any combination and arrangement of the aforemen-
tioned, but it is not limited thereto. In the following descrip-
tion, a display device is used as an example of an electronic
device to illustrate the content of the present disclosure, but
the present disclosure is not limited thereto.

[0026] Refer to FIG. 1, which is a top-view diagram of an
electronic device 10 in accordance with some embodiments
of the present disclosure. It should be understood that, some
elements of the electronic device 10 are omitted in the
drawings of the present disclosure for clarity, and only some
elements are schematically shown. In accordance with some
embodiments, additional features may be added to the
electronic device 10 described below. In accordance with
some other embodiments, some features of the electronic
device described below may be replaced or omitted.

[0027] The electronic device 10 may include a substrate
100. The substrate 100 may have a display region DA and a
peripheral region BA, and the peripheral region BA may
surround the display region DA. In accordance with some
embodiments, the substrate 100 may have a first bonding
area OB1 and a second bonding area OB2, and the first
bonding area OB1 and the second bonding area OB2 may be
disposed in the peripheral region BA. The first bonding area
OB1 and the second bonding area OB2 may be areas where
the signal lines are bonded to other electronic components.
In accordance with some embodiments, other electronic
components may include integrated circuits (ICs), micro-
chips, or other suitable electronic components that can
provide electronic signals or logic signals, but they are not
limited thereto.

[0028] Specifically, the substrate 100 may serve as a
driving substrate, and a driving circuit (not illustrated) may
be disposed on the substrate 100. The driving circuit may
include an active driving circuit and/or a passive driving
circuit. In accordance with some embodiments, the driving
circuit may include thin-film transistors (TFTs) (for
example, switching transistors, driving transistors, reset
transistors, or other thin-film transistors), data lines, scan-
ning lines, touch signal lines, conductive pads, dielectric
layers, capacitors or other lines, etc., but it is not limited
thereto. In addition, the thin-film transistor may be a top gate
thin-film transistor, a bottom gate thin-film transistor, or a
dual gate (double gate) thin-film transistor. The thin-film
transistor may include at least one semiconductor layer, and
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the semiconductor layer may include, but is not limited to,
amorphous silicon, low-temp polysilicon (LTPS), metal
oxide, another suitable material, or a combination thereof.
The metal oxide may include indium gallium zinc oxide
(IGZ0), indium zinc oxide (IZO), indium gallium zinc tin
oxide (IGZTO), and another suitable material, or a combi-
nation thereof, but it is not limited thereto.

[0029] Furthermore, the substrate 100 may include a rigid
substrate or a flexible substrate. In accordance with some
embodiments, the material of the substrate 100 may include
glass, quartz, sapphire, polyimide (PI), polycarbonate (PC),
polyethylene terephthalate (PET), polydimethylsiloxane
(PDMS), another suitable material or a combination thereof,
but it is not limited thereto. In accordance with some
embodiments, the substrate 100 may include a flexible
printed circuit (FPC).

[0030] In addition, the electronic device 10 may include a
plurality of pixels 10P, the pixels 10P may be disposed in the
display region DA, and the pixels 10P may be electrically
connected to the first bonding area OB1 or the second
bonding area OB2 through signal lines. In accordance with
some embodiments, the pixel 10P may have a plurality of
sub-pixels, for example, a sub-pixel 10a, a sub-pixel 105,
and a sub-pixel 10c. In accordance with some embodiments,
the sub-pixel 10q, the sub-pixel 105 and the sub-pixel 10c¢
may be a red sub-pixel, a green sub-pixel and a blue
sub-pixel respectively, but it is not limited thereto.

[0031] In accordance with some embodiments, one sub-
pixel may correspond to one light-emitting unit, and the
light-emitting unit may be a light-emitting diode (LED), for
example, including a micro-LED, a mini light-emitting
diode (mini-LED), an organic light-emitting diode (OLED),
an inorganic light-emitting diode, or quantum dot light-
emitting diode (QLED, QDLED), but it is not limited
thereto.

[0032] It should be understood that although the electronic
device 10 has two bonding areas in the embodiment shown
in the drawings, the present disclosure is not limited thereto.
The electronic device 10 may have other suitable numbers of
bonding areas according to different wiring designs. Simi-
larly, although one pixel 10P has three sub-pixels in the
embodiment shown in the drawings, the present disclosure
is not limited thereto. According to different embodiments,
a pixel may have other suitable numbers or colors of
sub-pixels.

[0033] Next, refer to FIG. 2, which is a top-view diagram
of a partial structure of the electronic device 10 in accor-
dance with some embodiments of the present disclosure.
Specifically, FIG. 2 shows a top-view diagram of the first
bonding area OB1 and the second bonding area OB2 of the
electronic device 10. It should be understood that FIG. 2
only shows the pads disposed in the first bonding area OB1
and the second bonding area OB2 to clearly illustrate their
arrangement aspects.

[0034] As shown in FIG. 2, the electronic device 10 may
have a plurality of first pads 110-1 and a plurality of second
pads 110-2. The first pads 110-1 may be disposed in the first
bonding area OB1 and arranged along a first direction E1.
The second pads 110-2 may be disposed in the second
bonding area OB2 and arranged along a second direction E2.
In addition, an angle 61 is between the first direction E1 and
the second direction E2. In accordance with some embodi-
ments, the angle 61 between the first direction E1 and the
second direction E2 is between about O degrees and about 45
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degrees (0 degrees=angle 01=45 degrees). In other words,
the first pads 110-1 and the second pads 110-2 may be
arranged in a non-horizontal manner (e.g., not along the X
direction in the drawing), for example, arranged in a manner
of gradually rising upward or descending downward.
[0035] Inaccordance with the embodiments of the present
disclosure, the first direction El refers to the extending
direction of the connection line of the lower edges of the
plurality (at least two) of the first pads 110-1. For example,
the first direction E1 may be the extending direction of the
connection line of the lower edges 1105-1 of the first pads
110-1 that are electrically connected to the touch signal line
TP. In accordance with the embodiments of the present
disclosure, the second direction E2 refers to the extending
direction of the connection line of the lower edges of the
plurality (at least two) of the second pads 110-2. For
example, the second direction E2 may be the extending
direction of the connection line between the lower edges
1105-2 of the second pads 110-2 that are electrically con-
nected to the touch signal line TP.

[0036] Furthermore, in accordance with some embodi-
ments, the material of the first pad 110-1 and the second pad
110-2 may include a metal material, such as copper (Cu),
aluminum (Al), molybdenum (Mo), indium (In), ruthenium
(Ru), tin (Sn), gold (Au), platinum (Pt), zinc (Zn), silver
(Ag), titanium (T1), lead (Pb), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), magnesium (Mg), palladium
(Pd), lithium (Li), alloys of the foregoing metals, another
suitable metal material or a combination thereof, but it is not
limited thereto. Moreover, the material of the first pad 110-1
may be the same as or different from that of the second pad
110-2.

[0037] Refer to both FIG. 2 and FIG. 3C. The electronic
device 10 may include a plurality of data lines DL (for
example, a data line DL-1, a data line DL-2, and a data line
DL-3) and a plurality of touch signal lines TP. The data lines
DL and the touch signal lines TP may be disposed on the
substrate 100, and portions of the touch signal lines TP may
be disposed on the data line DL. The data lines DL may be
electrically connected to at least one of the plurality of first
pads 110-1 and the plurality of second pads 110-2, and the
touch signal lines TP may be electrically connected to at
least one of the plurality of first pads 110-1 and the plurality
of second pads 110-2. Moreover, in the normal direction of
the substrate 100 (for example, the Z direction in the
drawing), the data line DL and the touch signal line TP at
least partially overlap. In accordance with some embodi-
ments, the data line DL-1, the data line DL-2, and the data
line DL-3 are electrically connected to the sub-pixel 10q, the
sub-pixel 105, and the sub-pixel 10c, respectively. In accor-
dance with some embodiments, the data line DL-1, the data
line DL-2 and the data line DL-3 are respectively used to
control the signal of the red sub-pixel, the signal of the green
sub-pixel and the signal of the blue sub-pixel.

[0038] As shown in FIG. 2, in accordance with some
embodiments, the first pad 110-1 (labeled as 110-1(DL) in
the drawing for convenience of description) electrically
connected to the data line DL is adjacent to the first pad
110-1 (labeled as 110-1(TP) for convenience of description)
electrically connected to the touch signal line TP. In addi-
tion, an upper edge ul of the first pad 110-1(DL) electrically
connected to the data line DL is not aligned with an upper
edge u2 of the first pad 110-1(TP) electrically connected to
the touch signal line TP. In other words, in accordance with
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some embodiments, the adjacent first pad 110-1(DL) and
first pad 110-1(TP) may be arranged in a non-horizontal
manner (for example, not along the X direction in the
drawing). Specifically, in accordance with some embodi-
ments, the upper edge ul of the first pad 110-1(DL) and the
upper edge u2 of the first pad 110-1(TP) that are adjacent to
each other have a height difference d1. In accordance with
some embodiments, the height difference d1 is between
about 1 micrometers and about 10 micrometers (1
umsheight difference d1<10 um).

[0039] Similarly, in accordance with some embodiments,
in the second bonding area OB2, the second pad 110-2
(labeled as 110-2(DL) in the drawing for convenience of
description) electrically connected to the data line DL is
adjacent to the second pad 110-2 (labeled as 110-2(TP) for
convenience of description) electrically connected to the
touch signal line TP. In addition, an upper edge u3 of the
second pad 110-2(DL) electrically connected to the data line
DL is not aligned with an upper edge u4 of the second pad
110-2(TP) electrically connected to the touch signal line TP.
In other words, in accordance with some embodiments, the
adjacent second pad 110-2(DL) and second pad 110-2(TP)
may be arranged in a non-horizontal manner (for example,
not along the X direction in the drawing). Specifically, in
accordance with some embodiments, the upper edge u3 of
the second pad 110-2(DL) and the upper edge u4 of the
second pad 110-2(TP) that are adjacent to each other have a
height difference d2. In accordance with some embodiments,
the height difference d2 is between about 1 micrometers and
about 10 micrometers (1 pms<height difference d2=<10 um).
[0040] Inaccordance with the embodiments of the present
disclosure, the aforementioned height difference d1 refers to
the minimum distance between the extension line of the
upper edge ul of the first pads 110-1(DL) and the extension
line of the upper edge u2 of the adjacent first pad 110-1(TP).
In accordance with the embodiments of the present disclo-
sure, the aforementioned height difference d2 refers to the
minimum distance between the extension line of the upper
edge u3 of the second pad 110-2(DL) and the extension line
of the upper edge u4 of the adjacent second pad 110-2(TP).
[0041] Moreover, it should be understood that, according
to embodiments of the present disclosure, an optical micro-
scope (OM), a scanning electron microscope (SEM), a film
thickness profiler (a-step), an ellipsometer, a focused ion
beam (FIB) microscope, a transmission electron microscope
(TEM) or another suitable method may be used to measure
the thickness, width, or height of each element, or the
spacing or distance between elements. Specifically, in accor-
dance with some embodiments, a scanning electron micro-
scope may be used to obtain a cross-sectional image includ-
ing the elements to be measured, and the thickness, width,
or height of each element, or the spacing or distance between
elements in the image can be measured.

[0042] Inaddition, in accordance with the embodiments of
the present disclosure, the first pad 110-1(DL) electrically
connected to the data line DL and the first pad 110-1(TP)
electrically connected to the touch signal line TP may be
arranged in a specific order, so that portions of the data lines
DL overlap the touch signal lines TP in the normal direction
of the substrate 100 (refer to FIG. 3C), thereby reducing the
area of the wiring arrangement. As shown in FIG. 2, in
accordance with some embodiments, the first pads 110-1
(DL) and the first pads 110-1 (TP) are not alternately
arranged at uniform intervals.
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[0043] In accordance with some embodiments, in order to
make portions of the data lines DL and the touch signal lines
TP overlap in the normal direction of the substrate 100, there
will be a problem that the number of sub-pixels does not
match the number of the touch signal lines TP. In accordance
with some embodiments, in order to solve the above prob-
lems, the data lines DL and the touch signal lines TP can be
arranged and allocated in a specific manner.

[0044] For example, in an exemplary embodiment, the
resolution of the electronic device is 1200%*2000, the total
number of sub-pixels is 1200, the total number of touch
signal lines TP is 1440 (30%48), the number of sub-pixels
does not match the number of touch signal lines TP, and an
average of 5 sub-pixels needs to be arranged with 6 touch
signal lines TP, so there are 240 more touch signal lines TP.
In this embodiment, two processors (for example, ICs) are
used for signal processing, so one processor will have 120
more touch signal lines TP. Therefore, 120 touch signal lines
TP may be arranged as a single-layer conductive layer. At
the same time, in order to make the coupling of the touch
signal lines TP consistent, the data line DL may be arranged
as a single-layer conductive layer (for example, the first
conductive layer (not labeled) disposed on the substrate
100), and the touch signal lines TP may be located in the
upper conductive layer (for example, the second conductive
layer (not labeled) disposed on the first conductive layer)
without layer transfer (for example, transter from the second
conductive layer to the first conductive layer through a via
hole). The detailed structure of the first conductive layer and
the second conductive layer will be further described below.
In addition, considering that the data lines DL are electri-
cally connected to sub-pixels of different colors (for
example, the data line DL-1, data line DL-2 and data line
DL-3 are respectively electrically connected to the red
sub-pixel, green sub-pixel and blue sub-pixel) and in the
case of less impact on the visual effect, the data lines DL (for
example, the data lines DL-2) controlling the green sub-
pixels may be arranged as a single-layer conductive layer
(for example, the first conductive layer), so that the touch
signal lines TP are all located in the upper conductive layer
(for example, the second conductive layer), and the 600
touch signal lines TP overlap the data lines DL (for example,
the data lines DL-1) controlling the red sub-pixel, and the
120 touch signal lines TP overlap the data lines DL (for
example, data line DL-3) controlling the blue sub-pixel.
With the aforementioned arrangement and allocation of the
data lines DL and the touch signal lines TP, the problem of
mismatch between the number of sub-pixels and the number
of touch signal lines TP can be solved.

[0045] Furthermore, in another exemplary embodiment,
the resolution of the electronic device is 1200%1920, the
total number of touch signal lines TP is 1536 (32%48), and
the touch signal area can be divided into 8 of 36*40 touch
signal blocks and 24 of 38*40 touch signal blocks. In the
36*40 touch signal block, 36 sub-pixels need to be matched
with 48 touch signal lines TP, with an average of 4 touch
signal lines TP for every 3 sub-pixels. The data lines DL (for
example, data lines DL-2) controlling the green sub-pixel
may be arranged as a single-layer conductive layer (for
example, the first conductive layer), so that the touch signal
lines TP are all located in the upper conductive layer (for
example, the second conductive layer), and 36 touch signal
lines TP overlap the data lines DL (for example, data line
DL-1) controlling the red sub-pixel, and 12 touch signal
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lines TP overlap the data lines DL (for example, the data line
DL-3) controlling the blue sub-pixel. In this way, the cou-
pling conditions of the touch signal lines TP may be con-
sistent. In the 38*40 touch signal block, 38 sub-pixels need
to be matched with 48 touch signal lines TP, which are
divided into 2 groups of 3 sub-pixels with 4 touch signal
lines TP and 8 groups of 4 sub-pixels with 5 touch signal
lines TP, and the data lines DL (for example, data line DL-2)
controlling the green sub-pixel can be arranged as a single-
layer conductive layer (for example, the first conductive
layer), so that the touch signal lines TP are all located in the
upper conductive layer (for example, the second conductive
layer), and 38 touch signal lines TP overlap the data lines DL
(for example, data line DL-1) controlling the red sub-pixel,
and 5 touch signal lines TP overlap the data lines DL (for
example, data line DL-3) controlling the blue sub-pixel, and
5 touch signal lines TP overlap the data lines DL (for
example, data line DL-2) controlling the green sub-pixel
overlapping. In this way, the coupling conditions of the
touch signal lines TP may be consistent. With the aforemen-
tioned arrangement and allocation of the data lines DL and
the touch signal lines TP, the problem of mismatch between
the number of sub-pixels and the number of touch signal
lines TP can be solved.

[0046] Similarly, the second pads 110-2 (DL) electrically
connected to the data line DL and the second pads 110-2
(TP) electrically connected to the touch signal line TP may
also be arranged in a specific order, so that portions of the
data lines DL and the touch signal lines TP overlap in the
normal direction of the substrate 100, thereby reducing the
area of the wiring arrangement. The detailed description of
the arrangement of the second pads 110-2 can refer to the
above design of the first pad 110-1, and thus will not be
repeated here.

[0047] It should be noted that, in accordance with the
embodiments of the present disclosure, by arranging the first
pads 110-1 and the second pads 110-2 in a non-horizontal
manner (for example, to gradually rising upward or descend-
ing downward) and arranging the first pads 110-1 and the
second pads 110-2 in a specific order (that is, arranging and
allocating the data lines DL and the touch signal lines TP in
a specific manner), so that the data lines DL have space for
re-routing and portions of the data lines DL overlap the
touch signal lines TP, thereby reducing the area of the wiring
arrangement. Therefore, the area of the peripheral region can
be reduced, and the narrow frame design of the electronic
device can be realized.

[0048] Next, refer to FIG. 3A to FIG. 3C. FIG. 3A is an
enlarged structural diagram of region R1 of FIG. 1 in
accordance with some embodiments of the present disclo-
sure. FIG. 3B is an enlarged structural diagram of region R2
of FIG. 3A in accordance with some embodiments of the
present disclosure. FIG. 3C is an enlarged structural diagram
of region R3 of FIG. 3B in accordance with some embodi-
ments of the present disclosure. It should be understood that,
for clarity, the region labeled as DL+TP in FIG. 3A repre-
sents the region where the data lines DL and the touch signal
lines TP are alternately arranged.

[0049] As shown in FIG. 3A and FIG. 3B, in accordance
with some embodiments, the data lines DL and the touch
signal lines TP may be re-matched in a region RR, and the
region RR may be a fan-out area of the peripheral region
BA. Portions of the data lines DL overlap the touch signal
lines TP, and the data lines DL and the touch signal lines TP
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may be connected to the first pad 110-1. In accordance with
some embodiments, two sides of the region RR may have
different heights. For example, one side of the region RR has
a height H1, and the other side has a height H2, and the
height H1 may be smaller than the height H2. In accordance
with some embodiments, the height H1 may be between
about 30 um and about 300 um (30 pm=height H1<300 pm),
for example, 100 um, 150 pm, 200 um or 250 um. In
accordance with some embodiments, the height H2 may be
between about 500 um and about 3000 pm (500 ums<height
H2<3000 pm), for example, 750 um, 1500 um or 2000 pm.
[0050] Inaccordance with the embodiments of the present
disclosure, the aforementioned height H1 refers to the height
of the region RR closest to a side edge el (referring to FIG.
1) of the substrate 100, and the aforementioned height H2
refers to the height of the region RR farthest from the side
edge el (referring to FIG. 1) of the substrate 100. Specifi-
cally, the height H1 may be the shortest distance between the
first pad 110-1 closest to the side edge e1 of the substrate 100
and the turning point of the data line DL in the region RR,
or it may also be the shortest distance between the first pad
110-1 closest to the side edge el of the substrate 100 and the
turning point of the touch signal line TP, but it is not limited
thereto. The height H2 may be the shortest distance between
the first pad 110-1 farthest from the side edge el of the
substrate 100 and the turning point of the data line DL in the
region RR, or it may be the shortest distance between the
first pad 110-1 farthest from the side edge el of the substrate
100 and the turning point of the touch signal line TP, but it
is not limited thereto.

[0051] Refer to FIG. 3C, which shows the detailed con-
nection structure of the data lines DL and the touch signal
lines TP (it should be understood that, for the convenience
of description, the numbers 1, 2 and 3 marked on the data
lines DL in the drawing represent the data line DL-1, data
line DL-2 and data line DL-3 respectively). As described in
the above, in accordance with some embodiments, the data
line DL-1, the data line DL-2 and the data line DL-3 may be
used to control the signal of the red sub-pixel, the signal of
the green sub-pixel and the signal of the blue sub-pixel
respectively. As shown in FIG. 3C, in accordance with some
embodiments, since the data lines DL and the touch signal
lines TP are arranged and allocated in a specific way, the
touch signal lines TP can be disposed between the data line
DL-1 and the data line DL-3, the touch signal line TP can be
disposed between the data line DL-2 and the data line DL-3.
[0052] In accordance with some embodiments, a distance
D1 between the data line DL-1 and the adjacent data line
DL-2 is different from a distance D2 between the data line
DL-1 and the adjacent data line DL-3. In accordance with
some embodiments, the distance D1 between the data line
DL-1 and the data line DL-2 is between about 6 micrometers
and about 8 micrometers (6 ums=distance D1<8 pm), for
example, 6.5 um, 7 pm or 7.5 um. In accordance with some
embodiments, the distance D2 between the data line DL-1
and the adjacent data line DL-3 is between about 14 microm-
eters and about 18 micrometers (14 pms=distance D2=<18
um), for example, 14.5 um, 15 um, 15.5 pm, 16 um, 16.5 pm,
17 pm or 17.5 pm.

[0053] Inaccordance with the embodiments of the present
disclosure, the aforementioned distance D1 refers to the
minimum distance between the data line DL-1 and the
adjacent data line DL-2 in the direction perpendicular to the
extending direction of the data line DL-1 (for example, the
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X direction in the drawing) in the first bonding area OB1 (or
the second bonding area OB2). The aforementioned distance
D2 refers to the minimum distance between the data line
DL-1 and the adjacent data line DL-3 in the direction
perpendicular to the extending direction of the data line
DL-1 (for example, the X direction in the drawing) in the
first bonding area OB1 (or the second bonding area OB2).
[0054] Moreover, in accordance with some embodiments,
a distance D3 between the data line DL-2 and the data line
DL.-3 used to control one of the pixels 10P (referring to FIG.
1) is different from a distance D4 between the data line DL-2
and the data line DL-3 used to control the other one of the
pixels 10P (referring to FIG. 1). In other words, the distances
between the data line DL-2 and the data line DL-3 control-
ling different pixels 10P may be different. In accordance
with some embodiments, the distance D3 between the data
line DL-2 and the data line DL-3 controlling one of the
pixels 10P is between about 14 um and about 18 um (14
pmsdistance D3<18 um), for example, 14.5 um, 15 um, 15.5
um, 16 um, 16.5 pm, 17 um or 17.5 um. In accordance with
some embodiments, the distance D4 between the data line
DL-2 and the data line DL-3 controlling the other one of the
pixels 10P is between about 6 um and about 8 um (6
pmsdistance D4=8 pm), for example, 6.5 um, 7 pm, or 7.5
pm.

[0055] Inaccordance with the embodiments of the present
disclosure, the aforementioned distance D3 and distance D4
refer to the minimum distance between the data line DL-2
and the adjacent data line DL-3 in the direction perpendicu-
lar to the extending direction of the data line DL-2 (for
example, the X direction in the drawing) in the first bonding
area OB1 (or the second bonding area OB2).

[0056] In addition, as described above, the electronic
device 10 may include a first conductive layer (not labeled)
and a second conductive layer (not labeled). The first
conductive layer and the second conductive layer may be
disposed on the substrate 100, and the second conductive
layer may be disposed above the first conductive layer. Both
the touch signal lines TP and the data lines DL (including the
data lines DL-1, the data lines DL-2 and the data lines DL-3)
belong to the first conductive layer or the second conductive
layer. Moreover, in accordance with some embodiments, the
electronic device 10 may further include an insulating layer
(not illustrated) disposed between the first conductive layer
and the second conductive layer, so that the first conductive
layer and the second conductive layer may be electrically
insulated.

[0057] In accordance with some embodiments, the mate-
rials of the first conductive layer and the second conductive
layer may include metal materials, transparent conductive
materials, other suitable materials or a combination thereof,
but they are not limited thereto. For example, the metal
material may include copper, aluminum, molybdenum,
indium, ruthenium, tin, gold, platinum, zinc, silver, titanium,
lead, nickel, neodymium, iridium, chromium, magnesium,
palladium, lithium, alloys of the foregoing metals, another
suitable metal material or a combination thereof, but it is not
limited thereto. For example, the transparent conductive
material may include transparent conductive oxide (TCO),
such as indium tin oxide (ITO), antimony zinc oxide (AZO),
tin oxide (SnO), zinc oxide (Zn0O), indium zinc oxide (1Z0),
indium gallium zinc oxide (IGZO), indium tin zinc oxide
(ITZO), antimony tin oxide (ATO), another suitable trans-
parent conductive material, or a combination thereof, but it

Sep. 21, 2023

is not limited thereto. Furthermore, the material of the first
conductive layer may be the same as or different from that
of the second conductive layer.

[0058] In accordance with some embodiments, the mate-
rial of the insulating layer may include an organic material,
an inorganic material, another suitable material or a com-
bination thereof, but it is not limited thereto. For example,
the inorganic material may include silicon nitride, silicon
oxide, silicon oxynitride, aluminum oxide, another suitable
material or a combination thereof, but it is not limited
thereto. For example, the organic material may include
epoxy resin, silicone resin, acrylic resin (such as polymeth-
ylmetacrylate (PMMA), polyimide, perfluoroalkoxy alkane
(PFA), another suitable material, or a combination thereof,
but it is not limited thereto.

[0059] In accordance with some embodiments, the touch
signal line TP may be disposed between the data line DL-2
and the data line DL-3, and at least portions of the data line
DL-2 may belong to the first conductive layer. More spe-
cifically, in accordance with some embodiments, the touch
signal line TP may be disposed between the data line DL-2
for controlling the green sub-pixel and the data line DL-3 for
controlling the blue sub-pixel, and the data line DL-2
controlling the green sub-pixel may belong to the first
conductive layer (some data lines DL.-2 may also belong to
the second conductive layer).

[0060] As shown in FIG. 3C, in accordance with some
embodiments, the touch signal line TP may be connected to
the first pad 110-1 across a plurality of data lines DL. In
accordance with some embodiments, when the touch signal
line TP crosses the plurality of data lines DL, a turning
portion TR1 is formed, and the turning portion TR1 has an
included angle 62. In accordance with some embodiments,
the included angle 62 is between about 60 degrees and about
150 degrees (60 degrees=<included angle 62<150 degrees),
for example, 90 degrees, 110 degrees or 130 degrees.
[0061] Furthermore, in accordance with some embodi-
ments, some of the first pads 110-1 may not be connected to
the touch signal line TP or the data line DL, such first pads
110-1 (labeled as the first pad 110-1(DM) can serve as
dummy pads. It should be understood that although the first
pads 110-1 connected to the data line DL-1, the data line
DL-2 and the data line DL-3 are not shown in FIG. 3C, the
data line DL-1, the data line DL-2 and the data line DL-3 are
actually connected to the first pads 110-1 respectively.
[0062] Next, refer to FIG. 4A to FIG. 4C. FIG. 4A and
FIG. 4B are top-view diagrams of a partial structure of the
electronic device 10 in accordance with some embodiments
of the present disclosure. FIG. 4C is an enlarged structural
diagram of region R4 of FIG. 4B in accordance with some
embodiments of the present disclosure. It should be under-
stood that FIG. 4A and FIG. 4B only show the touch signal
lines TP, the data lines DL-1, the data lines DL-2 and the
data lines DL-3 of the electronic device 10, so as to clearly
illustrate their wiring aspects.

[0063] As shown in FIG. 4A, in accordance with some
embodiments, the touch signal line TP, the data line DL-1,
the data line DL-2, and the data line DL-3 all have turning
portions (not labeled), and the touch signal line TP may
partially overlap the data line DL-1 and the data line DL-3
in the normal direction of the substrate 100 (for example, the
Z direction in the drawing).

[0064] As shown in FIG. 4B, in accordance with some
embodiments, the touch signal line TP is adjacent to the data
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line DL-3, and the touch signal line TP can cross the data
line DL-3 and overlap the data line DL-2 in the normal
direction of the substrate 100. In addition, the data line DL-2
belongs to the second conductive layer. Moreover, in accor-
dance with some embodiments, the portion of the touch
signal line TP crossing the data line DL-3 has a width of W2,
while the portion of the touch signal line TP not crossing the
data line DL-2 has a width of W1, and width W2 may be
greater than width W1. In other words, width W2 of the
touch signal line TP in the crossing line region may be
greater than width W1 of the non-crossing line region. In
accordance with some embodiments, the difference between
width W2 and width W1 may be between about 0.5 um and
about 3 um (0.5 pms=width W2-width W1<3 um), for
example, 1 um, 1.5 um, 2 pm or 2.5 um. In accordance with
some other embodiments, the width W2 may be substan-
tially equal to the width W1, but it is not limited thereto.
[0065] It should be noted that when the width W2 of the
touch signal line TP in the crossing line region is larger than
the width W1 of the non-crossing line region, the risk of
breaking the touch signal line TP in the crossing line region
can be reduced and the reliability of the circuit structure can
be improved.

[0066] As shown in FIG. 4B and FIG. 4C, in accordance
with some embodiments, the touch signal line TP may have
at least two turning portions TR2, and one turning portion
TR2 may have a turning angle 63 and a turning angle 03'.
The turning angle 63 and the turning angle 63' may be
between about 30 degrees and about 60 degrees (30 degrees-
<turning angle<60 degrees), for example, 35 degrees, 40
degrees, 45 degrees, 50 degrees or 55 degrees. Furthermore,
in accordance with some embodiments, the turning portion
TR2 may have an arc-shaped corner.

[0067] It should be noted that the touch signal line TP
having the turning portion TR2 can reduce the occurrence of
ESD damage caused by corona discharge and improve the
reliability of the circuit structure.

[0068] To summarize the above, in accordance with the
embodiments of the present disclosure, the electronic device
has data lines and touch signal lines configured in a specific
wiring manner. For example, by rearranging pads, overlap-
ping data lines and touch signal lines, etc., the numbers of
the data lines and the touch signal lines are respectively
matched with the pixels, so as to reduce the wiring configu-
ration area of the fan-out area, thereby reducing the area of
the peripheral region, and realizing the narrow frame design
of the electronic device.

[0069] Although some embodiments of the present disclo-
sure and their advantages have been described in detail, it
should be understood that various changes, substitutions and
alterations can be made herein without departing from the
spirit and scope of the disclosure as defined by the appended
claims. The features of the various embodiments can be used
in any combination as long as they do not depart from the
spirit and scope of the present disclosure. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the present disclosure,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
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embodiments described herein may be utilized according to
the present disclosure. Thus, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods or steps. Moreover, each claim constitutes an
individual embodiment, and the claimed scope of the present
disclosure includes the combinations of the claims and
embodiments. The scope of protection of present disclosure
is subject to the definition of the scope of the appended
claims. Any embodiment or claim of the present disclosure
does not need to meet all the purposes, advantages, and
features disclosed in the present disclosure.

What is claimed is:

1. An electronic device, comprising:

a substrate having a first bonding area and a second
bonding area;

a plurality of first pads disposed in the first bonding area
and arranged along a first direction;

a plurality of second pads disposed in the second bonding
area and arranged along a second direction, wherein
there is an included angle between the first direction
and the second direction;

a first data line disposed on the substrate and electrically
connected to at least one of the plurality of first pads or
the plurality of second pads; and

a touch signal line disposed on the substrate and electri-
cally connected to at least another one of the plurality
of first pads or the plurality of second pads;

wherein the first data line at least partially overlaps the
touch signal line.

2. The electronic device as claimed in claim 1, wherein
one of the plurality of first pads electrically connected to the
first data line is adjacent to another one of the plurality of
first pads electrically connected to the touch signal line, and
an upper edge of the one of the plurality of first pads
electrically connected to the first data line is not aligned with
an upper edge of the another one of the plurality of first pads
electrically connected to the touch signal line.

3. The electronic device as claimed in claim 1, further
comprising a plurality of pixels, a second data line and a
third data line, wherein the plurality of pixels, the second
data line and the third data line are disposed on the substrate,
and at least one of the plurality of pixels comprises a red
sub-pixel, a green sub-pixel and a blue sub-pixel, wherein
the first data line, the second data line and the third data line
respectively control a signal of the red sub-pixel, a signal of
the green sub-pixel, and a signal of the blue sub-pixel.

4. The electronic device as claimed in claim 3, wherein a
distance between the first data line and the second data line
is different from a distance between the second data line and
the third data line.

5. The electronic device as claimed in claim 4, wherein
the distance between the first data line and the second data
line is between 6 micrometers and 8 micrometers.

6. The electronic device as claimed in claim 4, wherein
the distance between the second data line and the third data
line is between 14 micrometers and 18 micrometers.

7. The electronic device as claimed in claim 3, wherein a
first distance between the second data line and the third data
line for controlling one of the plurality of pixels is different
from a second distance between the second data line and the
third data line for controlling another one of the plurality of
pixels.
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8. The electronic device as claimed in claim 7, wherein
the first distance is between 14 micrometers and 18 microm-
eters.

9. The electronic device as claimed in claim 7, wherein
the second distance is between 6 micrometers and 8 microm-
eters.

10. The electronic device as claimed in claim 3, wherein
the touch signal line is disposed between the second data line
and the third data line.

11. The electronic device as claimed in claim 3, wherein
the touch signal line crosses the third data line and overlaps
the second data line.

12. The electronic device as claimed in claim 11, wherein
a width of a portion of the touch signal line crossing the third
data line is greater than a width of a portion of the touch
signal line not crossing the third data line.

13. The electronic device as claimed in claim 12, wherein
the portion of the touch signal line crosses the third data line
and forms a turning portion, and an included angle of the
turning portion is between 60 degrees and 150 degrees.

14. The electronic device as claimed in claim 3, further
comprising a first conductive layer and a second conductive
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layer disposed on the substrate, wherein the second conduc-
tive layer is disposed above the first the first conductive
layer.

15. The electronic device as claimed in claim 14, wherein
the second data line belongs to the second conductive layer.

16. The electronic device as claimed in claim 14, wherein
the touch signal line is disposed between the second data line
and the third data line, and at least a portion of the second
data line belongs to the first conductive layer.

17. The electronic device as claimed in claim 14, wherein
the touch signal line has at least two turning portions, and the
at least two turning portion each is between 30 degrees and
60 degrees.

18. The electronic device as claimed in claim 17, wherein
the at least two turning portions have an arc-shaped corner.

19. The electronic device as claimed in claim 1, wherein
some of the plurality of first pads are not connected to the
touch signal line and serve as dummy pads.

20. The electronic device as claimed in claim 1, wherein
the plurality of first pads and the plurality of second pads are
arranged in a non-horizontal manner.
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