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the present invention provides a touch panel,
comprising a substrate, a plurality of first conductive units,
a plurality of second conductive units, and a plurality of
insulating patterns. Each first conductive unit comprises a
plurality of first electrodes. Each second conductive unit
includes a plurality of second electrodes. Each first electrode
includes a first sub-electrode and a second sub-electrode
sequentially stacked on a substrate. Each second electrode
includes a third sub-electrode and a fourth sub-electrode
sequentially stacked on a substrate. The first sub-electrode
and the third sub-electrode belong to a first conductive layer,
and the second sub-electrode and the fourth sub-electrode
belong to a second conductive layer. The first conductive
layer has a plurality of step differences. These step
differences are at least located at the junction of the first
conductive unit and the insulating pattern.
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1. A touch panel, characterized by comprising:
A substrate;

A plurality of first conductive units arranged on the substrate, each of these units comprising a plurality of first
electrodes and first connecting portions, with adjacent first electrodes electrically connected by at least one first
connecting portion, and each electrode includes a first sub-electrode and a second sub-electrode stacked sequentially
on the substrate.

A plurality of second conductive units are arranged on the substrate, each comprising multiple second
electrodes and multiple second connecting portions. Adjacent second electrodes are electrically connected by at
least one second connecting portion, and the second electrodes are composed of each a third sub-electrode and a
fourth sub-electrode sequentially stacked on the substrate. The second conductive units are electrically insulated
from and alternating with the first conductive units. The first connecting portions, the first sub-electrode, and the
third sub-electrode belong to a first conductive layer, while the second connecting portions, the second sub-
electrode, and the fourth sub-electrode belong to a second conductive layer; and

Multiple insulating patterns are arranged at the intersections of the first conductive units and the second
conductive units, with the insulating patterns covering the first connection portions. Each insulating pattern covers
at least one of a part of the first sub-electrode and a part of the third sub-electrode, wherein the first conductive layer
has multiple step differences located at least at the junctions of the first conductive units and the insulating patterns.

2. The touch panel according to claim 1, characterized in that the step differences are located at the
boundaries between the second conductive units and the insulating patterns.

3. The touch panel according to claim 1, characterized in that a portion of the step differences is located on
the first sub-electrode.

4. The touch panel according to claim 1, characterized in that a portion of the step differences is located on
the third sub-electrode.

5. The touch panel according to claim 1, characterized in that a portion of the step differences is located on
the first connection portion.

6. The touch panel according to claim 1, characterized in that a portion of the step differences is located at
the boundary between the first sub-electrode and the first connection portion.

7. The touch panel according to claim 1, characterized in that two adjacent first electrodes are electrically
connected by two first connection portions.

8. The touch panel according to claim 1, characterized in that two adjacent second electrodes are
electrically connected by two second connection portions.

9. The touch panel according to claim 1, characterized in that there exists a first gap between the first sub-
electrode and the third sub-electrode covered by each insulating pattern, and a second gap between the first sub-
electrode and the third sub-electrode not covered by each insulating pattern, wherein the first gap is different from
the second gap.

10.  The touch panel according to claim 9, characterized in that the first gap is smaller than the second gap.
11.  The touch panel according to claim 9, characterized in that the first gap is larger than the second gap.

12.  The touch panel according to claim 1, characterized in that each of the second connecting portions is
disposed on one of the insulating patterns, and at least one of a portion of the second sub-electrode and a portion of
the fourth sub-electrode is disposed on one of the insulating patterns.

13.  The touch panel according to claim 1, characterized in that the first sub-electrode covered by each
insulating pattern has a first protrusion which extends beyond the second sub-electrode, and the third sub-electrode
covered by each insulating pattern has a second protrusion which extends beyond the fourth sub-electrode.
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14. The touch panel according to claim 1, characterized in that the first sub-electrode covered by each
insulating pattern has a first recessed portion that is recessed within the second sub-electrode, and the third sub-
electrode covered by each insulating pattern has a second recessed portion that is recessed within the fourth sub-
electrode.

15.  The touch panel according to claim 1, characterized in that the thickness of the first conductive layer is
greater than that of the second conductive layer.

16.  The touch panel according to claim 15, characterized in that the first connecting portion belongs to the
first conductive layer, the second connecting portion belongs to the second conductive layer, and the line width of
the first connecting portion is smaller than the line width of the second connecting portion.

17.  The touch panel according to claim 1, characterized in that the thickness of the first conductive layer is
less than the thickness of the second conductive layer.

18.  The touch panel according to claim 17, characterized in that the first connecting portion belongs to the
first conductive layer, the second connecting portion belongs to the second conductive layer, and the line width of
the first connecting portion is greater than the line width of the second connecting portion.

19. The touch panel according to claim 1, characterized in that the crystalline grain size of the second
conductive layer is larger than that of the first conductive layer.

20.  The touch panel according to claim 1, characterized in that the second gap is greater than 25 microns.

21.  The touch panel according to claim 1, characterized in that it also includes a buffer layer covering the
substrate and positioned between the substrate and the first conductive layer.

22.  The touch panel according to claim 1, characterized in that it also includes a plurality of dummy patterns,
arranged between the first electrodes and the second electrodes.
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Touch panel

Technical field

[0001] The present invention relates to a touch panel, and more particularly to a touch panel with low conductive
impedance and excellent touch sensing sensitivity.

Background Art

[0002] A capacitive touch panel generally includes a plurality of first conductive units arranged along a first
direction (e.g., vertical direction) and a plurality of second conductive units arranged along a second direction (e.g.,
horizontal direction). The driver of the capacitive touch panel can output driving signals to the first conductive units
and receive corresponding sensing signals generated by the second conductive units, then the capacitive touch panel
generates touch position signals based on the received sensing signals accordingly.

[0003] Generally speaking, the first sensing unit and the second sensing unit of a capacitive touch panel are
formed from transparent conductive material. However, the resistance of transparent conductive materials typically
affects the touch sensing performance of capacitive touch panels. In addition, if the conductive units are formed
from non-transparent conductive materials (e.g. fine metal wires), visual issues may arise. Reducing line width to
lessen visual effects may result in increased resistance and lower yield due to excessively narrow line width.
Therefore, how to reduce the conduction impedance of the first and second conductive units in capacitive touch
panels is a crucial topic.

Summary of the Invention

[0004] The present invention provides a touch panel, wherein the impedance of the touch panel is low and the
touch sensitivity is good.

[0005] The touch panel of the present invention includes a substrate, a plurality of first conductive units, a
plurality of second conductive units, and a plurality of insulating patterns. The first conductive units are disposed
on the substrate. Each first conductive unit includes a plurality of first electrodes and a plurality of first connecting
portions. Two adjacent first electrodes are electrically connected by at least one first connecting portion. Each first
electrode includes a first sub-electrode and a second sub-electrode sequentially stacked on a substrate. The second
conductive units are disposed on the substrate. Each second conductive unit includes a plurality of second electrodes
and a plurality of second connecting portions. Two adjacent second electrodes are electrically connected by at least
one second connecting portion. Each second electrode includes a third sub-electrode and a fourth sub-electrode
sequentially stacked on a substrate. The second conductive unit and the first conductive unit are electrically insulated
from each other and staggered with each other. The first connecting portion, first sub-electrode, and third sub-
electrode belong to a first conductive layer. The second connecting portion, second sub-electrode, and fourth sub-
electrode belong to a second conductive layer. The insulating pattern is disposed at the staggered area between the
first conductive unit and the second conductive unit. The insulating pattern covers the first connecting portion, and
each insulating pattern covers at least one of a portion of the first sub-electrode and a portion of the third sub-
electrode. The first conductive layer has a plurality of step differences. These step differences are located at the
interface between the first conductive unit and the insulating pattern.

[0006] Based on the above, the touch panel of the present invention includes a plurality of conductive units, and
each conductive unit includes a plurality of electrodes and connection portions, wherein the electrodes are composed
of a double-layer conductive structure, thus possessing lower conduction impedance, thereby improving the touch
sensitivity of the touch panel.

[0007] In order to illustrate the above features and advantages of the present invention more clearly, the
following embodiments are provided and described in detail with the accompanying drawings.

Brief Description of the Drawings

[0008] FIG. 1 is a top view schematic diagram of a touch panel in accordance with one embodiment of the
present invention;

[0009] FIG. 2 is an detail schematic diagram of region M in FIG. 1;
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[0010]
[0011]

[0012]
invention;

[0013]
[0014]
[0015]

Figures 3, 4, and 5 respectively show the respective film layers in FIG. 2;
FIG. 6 shows a cross-sectional schematic diagram along section lines A-A' and B-B' in FIG. 2;

FIG. 7 is a top view schematic diagram of a touch panel according to another embodiment of the present

FIG. 8 is a partial top view schematic diagram of the touch panel 100 in FIG. 1;
FIG. 9 is a cross-sectional schematic diagram along section lines C-C' of FIG. §;

FIG. 10 is a partial cross-sectional schematic diagram of a touch panel of another embodiment of the

present invention;

[0016]
invention;

[0017]
[0018]

FIG. 11 is a partial top view schematic diagram of a touch panel of another embodiment of the present

FIG. 12 is a schematic diagram of the first conductive layer of the touch panel of FIG. 11;

FIG. 13 is a schematic diagram of the first conductive layer of a touch panel of another embodiment of

the present invention;

[0019]

invention;
[0020]
[0021]

FIG. 14 is a partial top view schematic diagram of a touch panel of another embodiment of the present

FIG. 15 is a schematic diagram of the first conductive layer of the touch panel of FIG. 14;

FIG. 16 is a partial top view schematic diagram of a touch panel according to another embodiment of

the present invention;

[0022]
[0023]

FIG. 17 is a schematic diagram of the first conductive layer of the touch panel of FIG. 16;

FIG. 18 is a partial top view schematic diagram of a touch panel according to another embodiment of

the present invention;

[0024]

FIG. 19 is a schematic diagram of the first conductive layer of the touch panel of FIG. 18.
Description of Reference Numerals:
100, 100a, 100b, 100c: Touch Panel;
110: Substrate;

112: Visible region;

114: Peripheral region;

120: First conductive unit;

122: First electrode;

124: First connecting portion;

130: Second conductive unit;

132: Second electrode;

134: Second connecting portion;
140: insulating pattern;

150: Dummy pattern;

160: Buffer layer;

A-A', B-B', C-C'": Section line;

C1: First conductive layer;

C2: Second conductive layer;

dl: First direction;

d2: Second direction;

E1: First sub-electrode;

Ela: First protruding portion;

Elb: First recessed portion;
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0047] E2: Second sub-electrode;
0048] E3: Third sub-electrode;

[

[

[0049] E3a: Second protruding portion;
[0050] E3b: Second recessed portion;
[0051] E4: Fourth sub-electrode;
[0052] G1: First gap;

[0053] G2: Second gap;

[0054] G: Gap;

[0055] hl: First step difference;
[0056] h2: Second step difference;
[0057] M: Region,;

[0058] W1, W2: Line width.
Detailed Embodiment

[0059] FIG. 1 is a top view schematic diagram of a touch panel According to one embodiment of the present
invention. Please refer to FIG. 1, the touch panel 100 includes a substrate 110, a plurality of first conductive units
120, a plurality of second conductive units 130, and a plurality of insulating patterns 140 (shown in FIG. 2). The
substrate 110 includes a visible region 112 and a peripheral region 114, wherein the peripheral region 114 is located
on at least one side of the visible region 112. In this embodiment, the peripheral region 114 surrounds the visible
region 112. The first conductive unit 120 and the second conductive unit 130 are disposed on the substrate 110 and
are at least located within the visible region 112. In other words, the first conductive unit 120 and the second
conductive unit 130 may also extend into the peripheral region 114. The peripheral region 114 is, for example, a
non-visible region and may be used to set signal wires, pads, or other components that are not intended to be
observed by the user. In addition, a decorative layer may be provided in the peripheral region 114 so that electronic
devices with the touch panel 110 can have a good appearance while simultaneously achieving the effect of
concealing components. The material of the decorative layer may be ceramics, diamond-like carbon, ink, photoresist
or any combination of the aforementioned materials, but is not limited thereto.

[0060] The substrate 110 may be a rigid light-transmitting substrate or a flexible light-transmitting substrate,
and its material may be, for example, glass, sapphire, or plastic, but is not limited thereto. The substrate 110 may be
a substrate independent of the display or a component substrate integrated into the display. For example, the
substrate 110 may be a cover lens, which is a rigid substrate with high mechanical strength to cover and protect the
lower components. The cover lens can be a composite laminate of reinforced glass, Poly(methyl methacrylate)
(PMMA), and polycarbonate (PC), UV-curable resin (e.g., ORGA resin), or other hard, light-transmitting materials
to provide protective characteristics such as scratch resistance and high mechanical strength. In addition, the material
of the substrate 110 may also include high-temperature resistant plastics, such as polyimide or cyclic olefin
copolymers. The side of the substrate 110 not configured with conductive units may be equipped with a film layer
such as an anti-glare film or an anti-reflection film, or/and a buffer layer, such as an inorganic film like silicon oxide.
Furthermore, the side surface of the substrate 110 connected to the touch surface may have an arcuate structure or
a trapezoidal structure. Additionally, the substrate 110 can also be a color filter substrate of a liquid crystal display
or an encapsulating cover for an organic light-emitting diode display, but is not limited thereto.

[0061] These first conductive units 120 extend along a first direction d1 and are electrically insulated from each
other. The first conductive unit 120 includes a plurality of first electrodes 122 and a plurality of first connecting
portion 124, with two adjacent first electrodes 122 being electrically connected by one of the first connecting portion
124. However, the present invention is not limited thereto. In other embodiments, two adjacent first electrodes 122
may also be electrically connected by two first connecting portion 124, or other multiple connecting portions. The
second conductive unit 130 extends along a second direction d2 and is electrically insulated from each other. The
second conductive unit 130 includes a plurality of second electrodes 132 and a plurality of second connecting
portions 134, with two adjacent second electrodes 132 being electrically connected by one of the second connecting
portions 134. However, the present invention is not limited thereto. In other embodiments, two adjacent second
electrodes 132 may also be electrically connected by a plurality of, for example, two second connecting portions
134. The first direction d1 intersects with the second direction d2 and is preferably perpendicular to each other. The
second conductive unit 130 and the first conductive unit 120 are electrically insulated from each other and interlaced
with each other. One of the first conductive unit 120 and the second conductive unit 130 is the driving unit, while
the other is the sensing unit. Accordingly, the first conductive unit 120 and the second conductive unit 130 can, for
instance, form a touch component to detect the position of a touch event.
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[0062] FIG. 2 is an enlarged schematic view of region M in FIG. 1. FIG. 2 mainly provides a schematic diagram
of the structure where the first conductive unit 120 and the second conductive unit 130 intersect. In order to explain
the structure in detail, FIG. 3, FIG. 4, and FIG. 5 respectively show each film layer in FIG. 2. FIG. 6 shows a
schematic cross-sectional view along section lines A-A' and B-B' in FIG. 2. Please refer to FIG. 2 to 6
simultaneously. The first electrode 122 comprises a first sub-electrode E1 and a second sub-electrode E2, stacked
in sequence on substrate 110, with the first sub-electrode E1 positioned between substrate 110 and the second sub-
electrode E2. The first sub-electrode E1 and the second sub-electrode E2 are formed from different conductive
layers, both overlapping and in contact. Adjacent first sub-electrodes E1 are connected by a first connecting portion
124 and may be formed from the same conductive layer; thus, adjacent first electrodes 122 are electrically connected
via the first connecting portion 124. Since the first electrode 122 is formed from two conductive layers, it has a
larger thickness, allowing for lower conductive impedance.

[0063] The second electrode 132 consists of a third sub-electrode E3 and a fourth sub-electrode E4 sequentially
stacked on the substrate 110, with the third sub-electrode E3 positioned between the substrate 110 and the fourth
sub-electrode E4. The third sub-electrode E3 and the fourth sub-electrode E4 are formed by different conductive
layers, which overlap and are in contact. Two adjacent fourth sub-electrodes E4 are connected by a second
connecting portion 134 and can be formed by the same conductive layer; thus, two adjacent second electrodes 132
are electrically connected through the second connecting portion 134. The first sub-electrode E1 and the third sub-
electrode E3 can be formed by the same conductive layer, and the second sub-electrode E2 and the fourth sub-
electrode E4 can likewise be formed by the same conductive layer. Since the second electrode 132 is formed from
two layers of conductive material, it has a greater thickness and can exhibit lower conductive impedance.

[0064] The insulating pattern 140 is located at the intersection of the first conductive unit 120 and the second
conductive unit 130. In other words, the insulating pattern 140 is positioned between the first conductive unit 120
and the second conductive unit 130 to electrically isolate them from each other. The insulating pattern 140 may
cover the first connecting portion 124. Additionally, the insulating pattern 140 may cover a portion of the first sub-
electrode E1 and a portion of the third sub-electrode E3. However, the present invention is not limited thereto. In
other embodiments, the insulating pattern 140 may cover only a portion of the first sub-electrode E1 or only a
portion of the third sub-electrode E3. The second connecting portion 134 is disposed on the insulating pattern 140,
and portions of the second sub-electrode E2 and fourth sub-electrode E4 are arranged on the insulating pattern 140.
However, the present invention is not limited thereto. In other embodiments, only a portion of the second sub-
electrode E2 may be disposed on the insulating pattern 140, or only a portion of the fourth sub-electrode E4 may be
disposed on the insulating pattern 140

[0065] According to this embodiment, the insulating pattern 140 covers a portion of the first sub-electrode E1
while exposing another portion of the same electrode. It similarly covers part of the third sub-electrode E3 and
exposes another part of the third sub-electrode E3. There is a first gap G1 between the portions of the first sub-
electrode E1 and the third sub-electrode E3 covered by the insulating pattern 140. Conversely, a second gap G2
exists between the portions of the first sub-electrode E1 and the third sub-electrode E3 that are not covered by the
insulating pattern 140. The first gap G1 is different from the second gap G2, wherein the width of the first gap G1
may be smaller than the width of the second gap G2. However, the present invention is not limited thereto. The gap
width of the second gap G2 may be greater than 25 micrometers, preferably greater than 30 micrometers. In other
words, there may be a sufficient gap size between the first electrode 122 and the second electrode 124 to further
ensure that short circuit problems are unlikely to occur between the first electrode 122 and the second electrode 124.

[0066] From another perspective, the first sub-electrode E1 and the second sub-electrode E2 that are not covered
by the insulating pattern 140 have substantially the same contours, and the third sub-electrode E3 and the fourth
sub-electrode E4 that are not covered by the insulating pattern 140 have substantially the same contours. Moreover,
the profile of the first sub-electrode E1 covered by the insulating pattern 140 differs from that of the second sub-
electrode E2 located on the insulating pattern 140, and the profile of the third sub-electrode E3 covered by the
insulating pattern 140 differs from that of the fourth sub-electrode E4 located on the insulating pattern 140. More
specifically, the first sub-electrode E1 covered by the insulating pattern 140 has a first protrusion Ela, and this first
protrusion Ela protrudes from the second sub-electrode E2. The third sub-electrode E3 covered by the insulating
pattern 140 features a second protrusion E3a, and this second protrusion E3a protrudes from the fourth sub-electrode
E4. As aresult, the edge of the first sub-electrode E1 may have a first step difference h1, and the first step difference
h1 is located at the edge of the insulating pattern 140. Similarly, the edge of the third sub-electrode E3 may have a
second step difference h2, and the second step difference h2 is located at the edge of the insulating pattern 140.
However, the present invention is not limited thereto. When the first gap G1 is not equal to the second gap G2, the
sidewalls of the first sub-electrode E1 covered by the insulating pattern 140 and the second sub-electrode E2 located
on the insulating pattern 140 may also have substantially the same contours, and the sidewalls of the third sub-
electrode E3 covered by the insulating pattern 140 and the fourth sub-electrode E4 located on the insulating pattern
140 may also have substantially the same contours.
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[0067] Please refer to FIG. 2 and FIG. 3 again. In this embodiment, the first conductive layer C1 has a plurality
of discontinuities (including the first step difference hl and the second step difference h2), wherein the first step
difference h1 is located at the boundary between the insulating pattern 140 and the first conductive unit 120, and is
located, for example, on the first sub-electrode E1. However, the present invention is not limited thereto. In other
embodiments, the first step difference h1 may also be located on the first connecting portion 124 or at the boundary
between the first sub-electrode E1 and the first connecting portion 124. Furthermore, the second step difference h2
is located at the boundary between the insulating pattern 140 and the second conductive unit 130, and is located, for
example, on the third sub-electrode E3. In all embodiments of the present invention, the partial contours of the first
step difference hl and the second step difference h2 are substantially formed along the contour of the insulating
pattern 140; in other words, the partial contours of the first step difference hl and the second step difference h2
conform to the corresponding contour of the insulating pattern 140 stacked on the first conductive layer CL
Therefore, the shapes of the first step difference h1 and the second step difference h2 are not limited to the structures
disclosed in the illustrated embodiments of the present invention; that is to say, the partial contours of the first step
difference h1 and the second step difference h2 can be, for example, arc-shaped, straight lines, wavy, serrated, etc.

[0068] The manufacturing process of the touch panel of FIG. 2 will be briefly explained below. First, referring
to FIG. 2 and FIG. 3, a first conductive layer C1 can be formed on the substrate 110. The first conductive layer C1
includes a first connecting portion 124, a first sub-electrode to be formed, and a third sub-electrode to be formed
(not shown). The first sub-electrode to be formed and the third sub-electrode to be formed have smooth edges F
(i.e., they do not possess the first step difference h1 and the second step difference h2), thus there is a single type of
gap between them, specifically the first gap G1. In other words, the first and third sub-electrodes to be formed
exhibit a wider distribution range compared to the already-formed first sub-electrode E1 and third sub-electrode E3,
with their edge F shown, for instance, as a dashed line in FIG. 3.

[0069] The first conductive layer C1 may be composed of transparent conductive materials, such as Indium Tin
Oxide (ITO), Indium-Zinc Oxide (IZO), Gallium Zinc Oxide (GZO), Carbon Nanotubes, Nanometal wires (e.g.,
nanosilver wires, electrospinning), Conducting Polymers, Graphene, Silicene, or other high-conductivity light-
transmitting materials, but not limited to these. For instance, opaque metal conductive materials may also be used.
The first conductive layer CI is preferably in the form of a continuous thin film, such as an ITO film, nanosilver
wire film, or ITO/Ag/ITO film; however, mesh films may also be utilized, particularly for metal materials, like
metal meshes, but are not limited to these.

[0070] Next, referring to FIG. 2 to 4, a plurality of insulating patterns 140 are formed. The insulating patterns
140 cover the first connection portion 124, a segment of the first sub-electrode to be formed, and a segment of the
third sub-electrode to be formed.

[0071] Next, referring to FIG. 2 to 5, form a second conductive layer C2. The material of the second conductive
layer C2 may refer to that of the first conductive layer C1. The second conductive layer C2 includes the second
connecting portion 134, the second sub-electrode E2, and the fourth sub-electrode E4. The method for forming the
second conductive layer C2 involves first forming a conductive material layer to fully cover the substrate 110, the
first conductive layer C1, and the insulating pattern 140. Subsequent to this, a patterning process is executed to form
the second conductive layer C2. The gap between the second sub-electrode E2 and the fourth sub-electrode E4
constitutes the second gap G2, where the width of the second gap G2 surpasses that of the first gap G1. In other
words, the patterns of the second sub-electrode E2 and the fourth sub-electrode E4 are smaller than those of the first
sub-electrode and third sub-electrode to be formed, thus during the aforementioned patterning process, parts of the
first conductive layer C1 and the second conductive layer C2 are simultaneously removed. Moreover, since the
second gap G2 is larger than the first gap G1, it ensures that thin film residues are less likely to remain between the
first electrode E1 and the second electrode E2, thereby reducing the likelihood of short circuits between the first
conductive unit 120 and the second conductive unit 130 (shown in FIG. 1). Moreover, since the insulating pattern
140 covers a portion of the first sub-electrode to be formed and the third sub-electrode to be formed, a first step
difference h1 and a second step difference h2 can be formed at the junction of the first gap G1 and the second gap
G2, where the unremoved portions of the first sub-electrode to be formed and the third sub-electrode to be formed
form the first protruding part Ela and the second protruding part E3a.

8 BOE v. Samsung IPR2025-01477
Page 8 Ex-1012



CN 105320372 A Specification Page 6/8

[0072] Please refer to FIG. 2 and FIG. 6, the first connecting portion 124 is formed by the first conductive layer
C1, and the second connecting portion 134 is formed by the second conductive layer C2, wherein the thickness of
the first conductive layer C1 can be greater than the thickness of the second conductive layer C2. For example, the
thickness of the first conductive layer C1 can be 1.05 to 8 times the thickness of the second conductive layer C2.
The conductive impedance of the first conductive layer C1 may be less than that of the second conductive layer C2,
allowing the line width W1 of the first connecting portion 124 to be smaller than the line width W2 of the second
connecting portion 134. In this embodiment, the first conductive unit 120 is, for example, a sensing unit, and the
second conductive unit 130 is, for example, a driving unit, wherein the length of the second connecting portion 134
of the second conductive unit 130 is shorter than the length of the first connecting portion 124 of the first conductive
unit 120, and the line width of the second connecting portion 134 of the second conductive unit 130 is greater than
the line width of the first connecting portion 124 of the first conductive unit 120. In this way, the first conductive
unit 120 can have a good sensing effect, and the second conductive unit 130 can have a good driving effect, but the
present invention is not limited thereto.

[0073] In another embodiment, the thickness of the first conductive layer C1 can also be smaller than the
thickness of the second conductive layer C2, as shown in FIG. 7. Selectively, in the embodiment of FIG. 7,
considering low conduction impedance, the line width W1 of the first connection portion 124 belonging to the first
conductive layer C1 in FIG. 2 can be greater than the line width W2 of the first connection portion 134 belonging
to the second conductive layer C2. However, the present invention is not limited thereto. In addition, if the patterning
process for the second conductive layer C2 is an etching process, when the thickness of the second conductive layer
C2 is greater than the thickness of the first conductive layer C1, it will aid in the reliable removal of the first
conductive layer C1. Alternatively, increasing the crystallinity of the second conductive layer C2 compared to the
first conductive layer C1, meaning that the crystalline grain size of the second conductive layer C2 is larger than
that of the first conductive layer C1, can also contribute to the reliable removal of the first conductive layer C1
during the etching process. The thickness of the second conductive layer C2 is, for example, 1.05 to 8 times that of
the first conductive layer C1. However, the present invention is not limited thereto. In other embodiments, the
crystalline grain size of the second conductive layer C2 can also be smaller than that of the first conductive layer
ClL

[0074] FIG. 8 is a partial top-view schematic diagram of the touch panel 100 of FIG. 1. FIG. 9 is a cross-
sectional schematic diagram along the section line C~C' of FIG. 8. Please refer to FIG. 8 and FIG. 9, touch panel
100 may selectively include a plurality of dummy patterns 150 disposed between the first electrode 122 and the
second electrode 132, where the gap G between the dummy pattern 150 and the first electrode 122 is equal to the
second gap G2, and the gap G between the dummy pattern 150 and the second electrode 132 is also equal to the
second gap G2. The arrangement of dummy patterns 150 can reduce the user's perception of the configuration of
the first electrode 122 and the second electrode 132, thereby enhancing the visual effect of touch panel 100. The
dummy pattern 150 can be composed of a portion of the first conductive layer C1 and a portion of the second
conductive layer C2 to form a double-layer structure, but the present invention is not limited thereto. The dummy
pattern 150 can also be composed of only a portion of the second conductive layer C2 to form a single-layer
structure.

[0075] The touch panel 100 may further include a buffer layer 160, as shown in FIG. 10. The buffer layer 160
covers the substrate 110 and is located between the substrate 110 and the first conductive layer C1. The buffer layer
160 ensures that the first conductive layer C1 is effectively removed during the etching process without the problem
of film residue. The material of the buffer layer 160 includes organic or inorganic materials. Preferred materials for
the buffer layer 160 include polyimide, epoxy resin, siloxane, acrylic resin, or other transparent resins; however, it
is not limited to these. For instance, zinc oxide, silicon oxide (SiOx), nitride oxide, or combinations thereof—such
as silicon oxide combined with nitride oxide—may also be employed to render the contour of the patterned
conductive layer less visible. For silicon dioxide, the thickness ranges from 300 Angstroms (A) to 1000 A. For resin,
the thickness ranges from 0.1 micrometers (um) to 3 micrometers (pum).
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[0076] FIG. 11 is a partial top view schematic of another embodiment of the touch panel of the present
invention. FIG. 12 is a schematic diagram of the first conductive layer of the touch panel shown in FIG. 11. Please
refer to FIG. 11 and FIG. 12. Similar to the touch panel 100, the touch panel 100a is formed by the first conductive
layer Cl, insulating pattern 140, and second conductive layer C2, wherein the first conductive layer C1 has a
plurality of first step difference h1 and a plurality of second step difference h2. Furthermore, the two adjacent first
electrodes 122 in this embodiment are electrically connected by two first connecting portion 124. Moreover, the
two adjacent second electrodes 132 of this embodiment are electrically connected by two second connecting portions
134. In addition, in this embodiment, the insulating pattern 140 covers the two first connecting portion 124
electrically connecting the two adjacent first electrodes 122, but the present invention is not limited thereto. In other
embodiments, two insulating patterns 140 may each cover one of the first connecting portion 124, as shown in FIG.
13.

[0077] FIG. 14 is a partial top view schematic of a touch panel according to another embodiment of the present
invention. FIG. 15 is a schematic diagram of the first conductive layer of the touch panel in FIG. 14. This
embodiment of the touch panel 100b is similar to the aforementioned touch panel 100, except that the insulating
pattern 140 only covers a portion of the third sub-electrode E3 but not a portion of the first sub-electrode El.
Additionally, the insulating pattern 140 completely covers the first connecting portion 124. Since the insulating
pattern 140 covers the first connecting portion 124 but not the first sub-electrode E1, and completely covers the first
connecting portion 124, after the second conductive layer C2 is completed, the first step difference hl is located at
the junction of the first sub-electrode E1 and the first connecting portion 124.

[0078] FIG. 16 is a partial top view schematic of another embodiment of the touch panel according to the present
invention. FIG. 17 is a schematic diagram of the first conductive layer of the touch panel shown in FIG. 16. The
touch panel 100c¢ in this embodiment is similar to the aforementioned touch panel 100, except that the insulating
pattern 140 covers the third sub-electrode E3 and does not cover the first sub-electrode E1. Additionally, the
insulating pattern 140 covers one portion of the first connecting part 124 and exposes another portion of the first
connecting part 124. Since the insulating pattern 140 does not cover the first sub-electrode E1 and a portion of the
first connecting portion 124, after the second conductive layer C2 is completed, the first step difference hl is
positioned on the first connecting portion 124.

[0079] FIG. 18 is a partial top-view schematic of a touch panel according to another embodiment of the present
invention. Please refer to FIG. 18. Similar to the aforementioned embodiments, the touch panel 100a is formed, for
example, by the first conductive layer C1, the insulating pattern 140, and the second conductive layer C2. FIG. 19
is a schematic diagram of the first conductive layer of the touch panel in FIG. 18, and the structures of the insulating
pattern 140 and the second conductive layer C2 of the touch panel 100a are the same as those in FIG. 4 and 5. Please
refer to both FIG. 18 and FIG. 19. The touch panel 100a is similar to the touch panel 100, with the distinction being
that the first gap G1 between the first sub-electrode E1 and the third sub-electrode E3 covered by the insulating
pattern 140 is larger than the second gap G2 between the same electrodes not covered by the insulating pattern 140.
Specifically, the first sub-electrode E1 covered by the insulating pattern 140 has a first recessed portion Elb, which
is recessed within the boundary of the second sub-electrode E2. The third sub-electrode E3 covered by the insulating
pattern 140 features a second recessed portion E3b, which is recessed within the boundary of the fourth sub-
electrode E4. In addition, the manufacturing process of the touch panel 100a is similar to that of the touch panel
100; please refer to the aforementioned embodiment. The difference is in the structure of the first conductive layer
Cl1. Specifically, in this embodiment, after the first conductive layer C1 is completed, there are two types of gaps
between the first sub-electrode and the third sub-electrode to be formed, wherein the gap expected to be covered by
the insulating pattern 140 is the first gap G1. Additionally, the gaps expected not to be covered by the insulating
pattern 140 are, for example, smaller than the first gap G1 and larger than the second gap G2. Moreover, after the
patterning process to form the second conductive layer C2, the gap not covered by the insulating pattern 140
becomes the second gap G2.
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[0080] In summary, the touch panel of the present invention includes a plurality of conductive units, and each
conductive unit comprises a plurality of electrodes and a plurality of connecting portions, wherein the electrodes
are formed from a double-layer conductive structure, resulting in lower conduction impedance, thereby enhancing
the touch panel's sensitivity.

[0081] Finally, it should be noted that: The above embodiments are intended to illustrate the technical solutions
of the present invention and not to limit them; although the present invention has been described in detail with
reference to the above embodiments, it should be understood by those skilled in the art that: Modifications or
equivalent replacements may be made to the technical solutions recorded in the aforementioned embodiments, to
some or all of the technical features therein, without departing from the essence of the technical solutions of the
embodiments of the present invention.
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WA % 140 B HIE— FHMEL 58 = FHMES 2 M EA B M Gl. Kulhdizk
K% 140 i — 7R EL 55 = TR E3 2 MAA—F IR G2, F—mB Gl A
7] T4 R BR G2, Horr 28— Al PR G1 AR TR) B 5 2w /N T4 —[RI B G2 () TRIBR B FE o (HA i ]
AT, 4 R G2 RIAIBRSE BRI KT 25 2ok, B fE 2 KT 30 k. ¥, 55—
W 122 555~ fAR 124 2 (R m] HA R 1 RIBER/N, Ut — DR s — ik 122 558
W 124 2 [0)AS A3 1 2% 1) 1) R A

[0066]  LLo— KRG, R4 % 140 H WA — T ik Bl 55 = F ik E2 i
5 R BAH [R], AR 2 2 B 42 140 78 55 156 — 7 Hadl B3 555 DY 7 Ha bl B4 (158 BRSO R - 1
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AN, WG A0 2 B 58 140 78 55 158 — F Wil B3 SA7E4 2 R % 140 58 VU 1 st B4 %8
BEANFE . SEFEYNTT S, B A% 140 BHRME — TR EL BA— 38— Ela HE—
AR Ela SEH T3 —F IR E2 2 4b. #4e5 EIZ 140 e 28 =Wk E3 B
S E3a HAE 5 E3a SEH TE8 VU 7 Hafl B4 2 Ak dnth—2k, 55— F Wl E1 i
] R HE W25 hl, HiZ Wiz h A7 FAZKRE 140 30 % . AU, 55 = FH B3
(R n] HA S Wi 22 h2, HaZas —Wize h2 AL P44 & 140 19l %, (B R IHARR T
U, FEE — B G1 AT 58 IR G2 Mol T, P4 % 140 s s — FHIREL 5
PEPELR R B 52 140 11958 — 7 A il B2 M BE o ] DR 58 B KB R 1, 4 2 B 28 140 78
TR = AR E3 SAIEA LI ZR 140 L2 7 Ak B4 i BE s n] DR 58 B K EUH (]
iR

[0067] &M ZME 2 H5E 3, fEARLHI D, H—FHECL HAZ M E (A% —WhE
h1 LR SR Wi 22 h2) , Jerh 3 — T 22 h U7eZE2k &% 140 558 — it 120 ACHt, A
BN T — TR EL b (EAR AR, ZE A se it b, 25— Wi 22 hl mf DL2
RIAESE— V00 124 FERRAIAES — TR Bl 55— &R 124 8 5. B, W
h2 R4 Z I8 140 555 — S HLERIT 130 AT FE, B2 58 =FHR E3 k. AR
BT SE B T, S — W22 h1 558 W25 h2 (SR 56 BR SR R WS 4 21 R %2 140 %8
BRI E RS, 5 2, SB—WiZE hl 558 Wi h2 K0S SR — SHE Cl 4%
K22 140 XA BRAL TG . BRI, S5 — Wi 22 h1 55 W7 2= h2 MRS ER T-45 & B i 5
i 15 P P s BT AR R R 5 e, i R S — B 25 h1 558 W2 h2 (R B8 B A e B2 R
B EH IRV A .. 5.

[o068] LAt fi i B ] 2 B T pl i i iR . oL B S R 2 5K 3, T AR SE
110 B —%—SHE Cl. S CL AFRH—IERM 124 £ A — T Wtk
DLRFE R 3 =7l CRontl ) o FERURLIG SR — T AR S A B 28 = T i LA 1
R 2 F (RO R BT 55— Wi 22 h1 5505 I 2= h2) , o BB (1 5 — 1 sl S5 4% I R i o =
T T8 B B AR, B A SR — B G L. 8 5 2, BRI A 5 — 7 AR DA R A i 2R
[R5 = F B AR A T OO B o — F AR Bl 555 = F Wik B3 o S (940 A v [,
R R B — 7 HEAR DA R e R R B =7 W R B 2 F W an o B 3 TR R R TR

[0069] ZF— S )2 C1L W] B S WM kL, Bl anE 84 (Indium tin oxide, f&i#K ITO)
FAAAEE (Indium—Zine Oxide, fiFK 120) VEEALEES (GZ0) A KBRS (Carbon Nanotube)
Pk eEek (B kiR . 5 yie)) . FHEAY (conducting polymers) « f1 554
(graphene) I B A 57 5 PR AT O 6 50 56 PTG B, AELAS LU A B, 48] 2t m] SR A3
B4 S AR B — S 2 CL BT I SRR, 4 4n 170 HiE KR 22 3
JE. 1T0/Ag/1TO HfEE 25K, ] SR F PO RER I, R B 0T 4 Jm A L, i an 4 s M
TEHALLE A R .

[0070] 5, WS 2 ZIE 4, TR I % 140, kRIS 140 T S e R

124 FE ORI 55— T BRI — B 43 L B R 58 = T R — 3

[0071] Pk, B 2 I 5, B~ FHE €2, 5~ SHUR C2 AR 5% 40

— S O Mok, 45— SHUR C2 R IR B 134425 — T L B2 LLRGE DI TR
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B4, 55— FHUZ C2 B HOTIEBI W SETE — 3 A kL=, DA TS s5 550 110 55— 3
J& C1 LA R A K % 140 e85, AT — R A HIFE LB sl — 3 E €20 B 1Tk E2
5550 AR B4 2 [R) R TR) R R 565 — R B G2, 25 — [RI BT G2 1Ay AT BT 6 B K T 38 — [RI B G 1 g [R)
PR #5250 = ik B2 55007 ftl B4 B S0 TR OB RIS — 7 Ak S 17
RIS =T AR B 2, SESHT R TR, & — IR e — S E CL 528
TRHE C2 Bk M H, TSR G2 KT B GL, ST AR SE — L B 528
HIAR B1 22 [R)AS 5 7 i FE ke B IR %, DAk /D 38 — 3 HEER T 120 558 — St 130 (7R
THE D SRS AR A . 1 H., BT 42 % 140 8 g s 1 28 — 1 FAR S5 R s R 1 5
=R, MR AR G1 558 AR G2 IS S AL nT T RS — Wi 25 h1 58 W2
h2, FAh R AR BRI AR A 2 5 — T H AR S R R B 56 =1 AR 2 BB K T 56 — 58
W Ela 58 528 E3a.

[0072] IEZME 2 KKl 6, 50— R 124 2 AR — R H)Z CLIB K, 28 1680 134 2 H
FOSHECEM KPR —SHECINEETT K TR -_SHECHNEE. £ —FHE
Cl EEHUZE —SHE C2 JEEMN 1. 05 52 8 . B—SHEZ Cl Mtk FHITAT DT
TR C2 AL R, WOE T 124 BISTE WL RN T OB E 134 4R TE W2,
ARSI 5 — S LR T 120 491 Jn R B BR T, A 3 FLER T 130 I W IR B BT, Hh
“FHIER T 130 B IR 134 AR LL AR — 3 L IT 120 (AR R 124 KR,
HE T SHEEIC 130 (58 R0 134 (LRt — SR EIC 120 28 —IE850 124 194k
Ko With—2k, 2 — S H T 120 ] A R IR, B —FHBIc 130 i A R
UF IR BN B AR BHAN R T itk

[0073]  7E 55 —SEiifsl, 55— FH)Z CL KRR W/NT 3R W R C2 IR, W 7
TN REREVEML, 7EE 7 B S, B TR AP &, v DER] 2 B TSR
Cl S —IEHE 124 MZRE WL R TR T = WE C2 15 i 134 kv w2, H
ARPAIR TS b, 35 B R = S o )Z C2 I B R FIFE A 2 HIFE, W2E — S H 2
C2 MEERKTHE—FHE CL MEEN, A THE—FHE CL Re i th i R, 8¢
HOESHE CMERERTE —SHE CLINE R, B =S HZ C2 145 &tk
JGFRFHE—SHE CL E PR RS, et A B T3 — S HE C1 BE%AEh 2 I FE i
SRR, B RHE C2 RS —FHE CLEEM 1. 05 52 8 fF. {HAKMH
AR F . 7EHAR S T, 2 S R C2 S R R UM — R HE CL Y
Y TTp A N

[0074] P& 8 D] 1 M= THIAR 100 B ER R = B9 AW 8 HIZ ¢-C [
HREE. ESEE 8 LL&E 9, il 45Tk 100 7] 2k £ A, 45 2 A LUE B % 150 (dummy
pattern) . fUEKIZE 150 WE TH WK 122 5FE WK 132 2\, WHHAIEKRZE 150 5
SR 122 Z B RIAIBR G 25 T4 IR 62, HIUE KIZE 150 555 itk 132 Z [ i 1a]BR
G T MR G2, FUE K 150 [ E n] A A 82 28— f il 122 538 Wil 132
(R E, WOREA ) T G A AR 100 R E SR . FUE KIS 150 RIS — S HZ CL 1 —
5 LA — S C2 [0 2 S (R A8) 1 A XU 25 46, (B AR BHANBR T 0. FUE I
150 tn] DX H1 28 — G L Z C2 [ — 823 44 T Ay B 2 45 4 o

[0075] iz (IR 100 ] LA AL HE—Z2 i J2 160, WIE 10 fror. 22z 160 78 #5554 110
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BAZTHAR 110 52— FHE CL ZH. 2z 160 7] RS —F HZE CL Rk ZIH 2
REfS A R AL bR, 10 AN S0 AR B 10 ) . 22002 160 IO RS E WL R B NI
Elo Gz 160 IR AL 45 28 M BRI B4 I A Al I o A IR L At 37 BH P AR
JIg ABASFR T 3, 49 G th v SR SR AR AR A A (Siox) VAL R B IR IZH A, Bl an s A ik
BeAAL A, 5 DU B =AU 1 3 R AR BRI A 2 e We DA S ARE A 1, IR FE AT 300
#k (Angstrom, A ) ~1000 A Z 16, LIBHE LG, AT 0. LK (nm) ~ 355k
(um) Z [,
[0076] P& 11 ARk B 55— St s () s s TR 1 el s e 1 12 O 1 11 s
MR —FRERRER. E2RE 11 5K 12, 5l 100 288, iz ik 100a
Bl B — S HE CL 4B R 140 LURGE S Z C2 frE L —SHE L Bf
ZAE—WiZE hl DURZ A W22 h2o P, AR S 9] AR &R A~ 55— il 122 i 42
PR — B 124 &R, i HL, ASSEl ] (R AHAR A28 — f AR 132 B0 & R A 2R
TERE 134 e, RAL, FESL ST, 482 2R 140 ) 40 8 o P E R AR AR P A
H— AR 122 AN —IEHET 124, (HAR B IR Tt 7EHAd St o, o m] L2 H P
ML S 140 & A s b — AN — A 124, Wil 13 iR
[0077] P& 14 ARk B 55— S s () s s TR AR P el s = 1] 15 D 1 14 s
TR (R — S H 2 R 2 B o ASSERE B A il TR 100b 5 AT Al AR 100 AL, HAS
[FlZ AT T, 4620 R % 140 A 25 55 = 7 Wi B3 I — 3> MR8 o6 55 — bl BL B9 — 3
O3, 1T B4 2R K %6 140 58408 26 55— Va0 124, T 420 R % 140 155655 — R0 124 1M
KREERE— THNEL Hg e mf— R 124, Rk, 725 Sl E C2 58 biE G, H—
Wrz= hl A7 T35 — Ttk Bl 555880 124 A5
[0078] 16 A A S B g — S A P s TR AR S B s ] o 1 17 4 [ 16 ik T
R — SRR E R . ARSI fild= AR 100¢ 5 a7d B fldz AR 100 AHAL, HASFE
AT, A K % 140 IV 2555 = T Wk E3 M AR B 65— T H ik B1, iy HL4a2 K% 140
B — B 124 (—3 5y, HARE S —IE8M 124 5 —8 . BHT4AZ%E%E 140
KRB R T EL DU —ER 124 (—88 5, Rk, B8 — S L2 C2 58 lhilvESq
Wiz h TR 124 L.
[0079] P& 18 Ak B Iy — St o) i i 4 TR AR 9 g s =] 1 S IR K] 18, S RTIR 5K
JE A, Ml TR 1002 61 402 3 — S HE CLL A% 140 LU — S HZ C2 ATE
Heo B 19 9B 18 [ AR 58— T R R B K, HARE AR 100a 482 K % 140 L
MEBETFHE C2HgM S E 4 KB 5 A RS EE 18 DLUZE 19, il iR 100a 55
il THI AR 100 AHALL, HANF 2 ATE T, #4140 B SR — Ttk EL 55 =7 Wil
E3 Z [R5 —AIBR G1 KT R4 2K % 140 BHME— PR EL 558 =FHK E3 2|7
[R5 IR BR G20 BRI &, B84k K 52 140 B — F MR EL B % — N4 Elb H.
F—ANAEE ELb WaE T PR E2 2 N SRS 140 B S 050 = F AR E3 B —
5 NAEE E3b HAE N4 E3b N4 T DY T HLA B4 2 . A, TR 100a 1]
PRI FE ST AR 100 AL, 15 S5 Hrd s, e R 2 AT —FHE CL M4 RA
Ao BRI S, fEIE SR b, 45— SR CL 5E UG, B RS — 7 A S5 A R i 4
=R TR B W R AT, T T U o Bl 48 25 T 42 140 78 55 1 TR R ED A 55— R B G Lo
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TiHb, TE AN 4k B 42 140 78 5 (1% [R) B A0 G /N T 38— TR BR 61 HOK 28 — (A1 B G2, 1
H, fE3AT B AL IR LU R — S W C2 )5, R4 K % 140 78 55 1 7] B AR e 2 —
[ B G2,

[0080]  Z& b Tk, Ak B g AR G 2 A4~ LI, Hfg— o2 Ml
RN 22 AN TE RS, oA 128 e AR 2 R U 3 HRL G5 ) ) e, DRt LA I i A% 3 BELE, 3R
P& T s T AR A R ABURE

[0081] 57 AUk BH 1952 = DL b % S A0 AR LA Uk B A R B I B0 7 22, i Al L R
R 23 IR AT 25 S 0 56 A A B IEAT T PEEN I U0 B, AR ATk 1l e AR N 53 A < AL
PRAR AT LIS T I % St 4] P 1 8 BB AR 7 SR AT B 40, B0 6 A i 2 B A i BRI AE
AT SRR e 5 10 X A8 O Bl B i, FEANE AR R B AR 5 58 10 AR 5 I 28 A e BH % St 9] 57
AR5 BITEH
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