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(57) Abstract

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] Figures 3, 4, and 5 respectively show the respective film layers in FIG. 2; 

[0011] FIG. 6 shows a cross-sectional schematic diagram along section lines A-A' and B-B' in FIG. 2; 

[0012] FIG. 7 is a top view schematic diagram of a touch panel according to another embodiment of the present 

invention; 

[0013] FIG. 8 is a partial top view schematic diagram of the touch panel 100 in FIG. 1; 

[0014] FIG. 9 is a cross-sectional schematic diagram along section lines C-C' of FIG. 8; 

[0015] FIG. 10 is a partial cross-sectional schematic diagram of a touch panel of another embodiment of the 

present invention; 

[0016] FIG. 11 is a partial top view schematic diagram of a touch panel of another embodiment of the present 

invention; 

[0017] FIG. 12 is a schematic diagram of the first conductive layer of the touch panel of FIG. 11; 

[0018] FIG. 13 is a schematic diagram of the first conductive layer of a touch panel of another embodiment of 

the present invention; 

[0019] FIG. 14 is a partial top view schematic diagram of a touch panel of another embodiment of the present 

invention; 

[0020] FIG. 15 is a schematic diagram of the first conductive layer of the touch panel of FIG. 14; 

[0021] FIG. 16 is a partial top view schematic diagram of a touch panel according to another embodiment of 

the present invention; 

[0022] FIG. 17 is a schematic diagram of the first conductive layer of the touch panel of FIG. 16; 

[0023] 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. 

[0025] Description of Reference Numerals: 

[0026] 100, 100a, 100b, 100c: Touch Panel; 

[0027] 110: Substrate; 

[0028] 112: Visible region; 

[0029] 114: Peripheral region; 

[0030] 120: First conductive unit; 

[0031] 122: First electrode; 

[0032] 124: First connecting portion; 

[0033] 130: Second conductive unit; 

[0034] 132: Second electrode; 

[0035] 134: Second connecting portion; 

[0036] 140: insulating pattern; 

[0037] 150: Dummy pattern; 

[0038] 160: Buffer layer; 

[0039] A-A', B-B', C-C': Section line; 

[0040] C1: First conductive layer; 

[0041] C2: Second conductive layer; 

[0042] dl: First direction; 

[0043] d2: Second direction; 

[0044] E1: First sub-electrode; 

[0045] Ela: First protruding portion; 

[0046] 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 E1a, and this first 

protrusion E1a 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 a result, 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 h1 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 h1 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 h1 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 C1 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. 
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[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 

C1. 

[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 (Å) to 1000 Å. For resin, 

the thickness ranges from 0.1 micrometers (μm) to 3 micrometers (μm). 
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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 C1, 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 E1. 

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 h1 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 h1 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 

C1. 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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