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electrode, a capacitor dielectric layer, a second substrate
opposite to the first substrate, a conductive bump, an elec-
troluminescent layer, and a counter electrode. The upper
capacitor electrode is disposed on an inner surface of the
second substrate. The upper capacitor electrode is disposed
on an inner surface of the second substrate. The capacitor
dielectric layer covers the upper capacitor electrode of the
second substrate. The first substrate has at least one pixel
electrode and a first capacitor electrode separated from the
pixel electrode. The conductive bump is protrusively dis-
posed on the first capacitor electrode of the first substrate.
The electroluminescent layer is sandwiched between the
pixel electrode and the counter electrode.
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1
DISPLAY PANEL

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of priority to Taiwan
Patent Application No. 105121780, filed Jul. 11, 2016. The
entire content of the above identified application is incor-
porated herein by reference.

Some references, which may include patents, patent appli-
cations and various publications, are cited and discussed in
the description of this disclosure. The citation and/or dis-
cussion of such references is provided merely to clarify the
description of the present disclosure and is not an admission
that any such reference is “prior art” to the disclosure
described herein. All references cited and discussed in this
specification are incorporated herein by reference in their
entireties and to the same extent as if each reference was
individually incorporated by reference.

FIELD

The present disclosure relates to a display panel.

BACKGROUND

In various flat-panel displays, organic light emitting dis-
plays (OLED) are expected to become the mainstream of
next-generation flat-panel displays because of advantages
such as a wide viewing angle, a desirable chromatic contrast
effect, a high speed of response, and a low cost.

There are various types of OLEDs, for example, a top
emission type, a bottom emission type or a double-sided
emission type. To keep a needed storage capacitor, a suffi-
cient area usually needs to be reserved. For a bottom
emission type display and a double-sided emission type
display, when a storage capacitor is disposed, an effective
light emitting area (effective display areca) becomes very
small, resulting in a problem of a relatively small aperture
ratio. In addition, to design an extra touch sensing element
inside an OLED, a process becomes more complex, and a
problem that an aperture ratio becomes smaller also occurs.

SUMMARY

At least one of the embodiments of the present disclosure
provides a subpixel of a display panel. It is designed that a
capacitor dielectric layer is provided inside the subpixel, so
as to increase an area for a storage capacitor, that is, a
storage capacitor element (solid state) is located between
two substrates, and increase an aperture ratio. In one of the
embodiments, a self-capacitance or mutual-capacitance
sensing electrode is designed, and the sensing electrode and
a patterried conductive layer inside the subpixel are formed
at the same time, so as to provide the subpixel with a sensing
(for example, touch control) function and a display function,
and to simplify process steps to reduce a cost. In addition, it
may be designed that the sensing electrode is located near a
wire, to prevent a light emitting area from being affected.

An aspect of the present disclosure provides a display
panel, having a first substrate and a second substrate dis-
posed on the first substrate. The display panel includes a
plurality of subpixels, where at least one of the subpixels
includes a data line, a scan line, a power line, a switch
element, a driving element, a passivation layer, a patterned
electrode layer, an electroluminescent layer, a counter elec-
trode, a conductive bump, an upper capacitor electrode, and
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a capacitor dielectric layer. The switch element is disposed
on the first substrate, and includes a first end, a second end,
and a first gate. The first end is electrically connected to the
data line that extends in a first direction, the first gate is
electrically connected to the scan line that extends in a
second direction, and the first direction is not parallel to the
second direction. The driving element is disposed on the first
substrate, and includes a first end, a second end, and a
second gate. The first end is electrically connected to the
power line, the second gate is electrically connected to the
second end of the switch element, and the power line is
electrically connected to a first voltage source. The passi-
vation layer is disposed on the first substrate, and covers the
scan line, the data line, the power line, the switch element,
and the driving element. The passivation layer includes a
first contact hole and a second contact hole. The patterned
electrode layer is disposed on the passivation layer of the
first substrate. The patterned electrode layer includes a first
capacitor electrode and a pixel electrode separated from the
first capacitor electrode. The pixel electrode is electrically
connected to the second end of the driving element via the
first contact hole. The first capacitor electrode is electrically
connected to the second end of the switch element via the
second contact hole. The electroluminescent layer is located
on the pixel electrode of the first substrate. The counter
electrode 1s disposed on the electroluminescent layer of the
first substrate and is electrically connected to a second
voltage source, where the second voltage source is different
from the first voltage source. The conductive bump is
protrusively disposed on the first capacitor electrode of the
first substrate, where the conductive bump includes a con-
ductive material. The upper capacitor electrode is disposed
on an inner surface of the second substrate. The capacitor
dielectric layer covers the upper capacitor electrode of the
second substrate, where the conductive bump, the capacitor
dielectric layer, and the upper capacitor electrode form a
storage capacitor.

In one of the embodiments of the present disclosure, the
subpixel further includes a second capacitor electrode, dis-
posed on the capacitor dielectric layer of the second sub-
strate and located between the capacitor dielectric layer and
the conductive bump, where two opposite surfaces of the
second capacitor electrode are respectively in contact with
the capacitor dielectric layer and the conductive bump, and
the conductive bump, the capacitor dielectric layer, the
second capacitor electrode, and the upper capacitor elec-
trode form the storage capacitor.

In one of the embodiments of the present disclosure, a
lower surface of the second capacitor electrode has a con-
cave first portion and a protrusive second portion located on
at least one side of the first portion, where a top portion of
the conductive bump is corresponding to the first portion on
the lower surface of the second capacitor electrode.

In one of the embodiments of the present disclosure, each
subpixel has a light emitting area and a non-light emitting
area at least disposed on a side of the light emitting area, the
first capacitor electrode is located in the non-light emitting
area, the conductive bump includes a bump and a third
capacitor electrode. The bump is located on the first capaci-
tor electrode. The third capacitor electrode at least covers the
bump and extends and is connected to the first capacitor
electrode.

In one of the embodiments of the present disclosure, the
bump has at least one opening, and the third capacitor
electrode is electrically connected to the first capacitor
electrode through the opening.
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In one of the embodiments of the present disclosure, the
display panel further includes a bank, disposed on the
passivation layer and having a first opening and a second
opening, where the first opening does not cover at least a part
of the first capacitor electrode, the second opening does not
cover at least a part of the pixel electrode, and the electrolu-
minescent layer and the counter electrode are located in the
second opening.

In one of the embodiments of the present disclosure, a
thickness of the conductive bump is greater than a thickness
of the bank.

In one of the embodiments of the present disclosure, each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has at least two first sensing electrode regions
and at least two second sensing electrode regions separated
from the first sensing electrode regions, where the display
panel further includes a plurality of sensing electrodes,
respectively disposed on subpixels of the first sensing elec-
trode regions and the second sensing electrode regions on
the second substrate, the sensing electrode of each subpixel
is partially overlapped with the non-light emitting area, and
the sensing electrodes in the first sensing electrode regions
and the sensing electrodes in the second sensing electrode
regions are separated.

In one of the embodiments of the present disclosure, the
display panel further includes at least one first connection
electrode, disposed on the second substrate, where the first
connection electrode is adapted to connect upper capacitor
electrodes of two adjacent subpixels, and the first connection
electrode and the sensing electrode are separated and par-
tially overlapped. Each subpixel of the first sensing elec-
trode regions and the second sensing electrode regions
disposed on the second substrate further includes a second
capacitor electrode, disposed on the second substrate and
located between the capacitor dielectric layer and the con-
ductive bump, where the second capacitor electrode and the
upper capacitor electrode are at least partially overlapped.

In one of the embodiments of the present disclosure, the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, where the extending directions are interlaced
with each other. The display panel has at least one first
bridge electrode region and at least one the second bridge
electrode region adjacent to the first bridge electrode region,
the first bridge electrode region is located between the first
sensing electrode region and the second bridge electrode
region, and the second bridge electrode region is located in
an interlaced position between the extending directions of
the first sensing electrode regions and the second sensing
electrode regions, where the display panel further includes a
second connection electrode and a third connection elec-
trode. The second connection electrode is disposed on the
second substrate, and located at each subpixel of the first
bridge electrode region and the second bridge electrode
region, so as to connect the sensing electrodes located in the
first sensing electrode regions. The third connection elec-
trode is disposed on the second substrate, and is located at
each subpixel of the second bridge electrode region, so as to
connect the sensing electrodes located in the second sensing
electrode regions, where the second connection electrode
and the third connection electrode are separated and inter-
laced.

In one of the embodiments of the present disclosure, the
second connection electrode includes at least one first sub-
electrode segment and at least one second sub-electrode
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segment. The first sub-electrode segment is located between
two adjacent subpixels in the first bridge electrode region,
where the first sub-electrode segment and the sensing elec-
trode located in the first bridge electrode region are partially
overlapped and connected. The second sub-electrode seg-
ment is connected to the first sub-electrode segment.

In one of the embodiments of the present disclosure, each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has at least two first sensing electrode regions
and at least two second sensing electrode regions separated
from the first sensing electrode regions, where the display
panel further includes a plurality of sensing electrodes and
at least one first connection electrode. The sensing elec-
trodes are respectively disposed in the subpixels of the first
sensing electrode regions and the second sensing electrode
regions on the second substrate, and the sensing electrode is
partially overlapped with the light emitting area in each
subpixel, where the sensing electrodes in the first sensing
electrode regions and the sensing electrodes in the second
sensing electrode regions are separated. The first connection
electrode is disposed on the second substrate, where the first
connection electrode connects sensing electrodes of two
adjacent subpixels.

In one of the embodiments of the present disclosure, the
upper capacitor electrode is partially overlapped with the
non-light emitting area, and the subpixel further includes a
second capacitor electrode and at least one second connec-
tion electrode. The second capacitor electrode is disposed on
the second substrate and located between the capacitor
dielectric layer and the conductive bump, where the second
capacitor electrode is partially overlapped with the upper
capacitor electrode. The second connection electrode is
disposed on the second substrate, where the second connec-
tion electrode connects upper capacitor electrodes of two
adjacent subpixels, and the second connection electrode and
the first connection electrode are separated and interlaced.

In one of the embodiments of the present disclosure, the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, where the extending directions are interlaced
with each other. The display panel has a bridge electrode
region located in an interlaced position between the extend-
ing directions of the first sensing electrode regions and the
second sensing electrode regions, where the display panel
further includes a third connection electrode, disposed on
the second substrate, and is located in each subpixel of the
bridge electrode region, so as to connect the sensing elec-
trodes located in the second sensing electrode regions, and
the third connection electrode and the sensing electrode of
each subpixel located at the bridge electrode region are
separated.

In one of the embodiments of the present disclosure, the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, where the extending directions are interlaced
with each other. The display panel has a bridge electrode
region located in an interlaced position between the extend-
ing directions of the first sensing electrode regions and the
second sensing electrode regions, where the display panel
further includes a plurality of second capacitor electrodes, at
least one second connection electrode, and at least one third
connection electrode. The second capacitor electrodes are
disposed on the second substrate, and are respectively
located between the capacitor dielectric layer and the con-
ductive bump in each subpixel area, where the second
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capacitor electrodes are partially overlapped with the upper
capacitor electrode. The second connection electrode is
disposed on the second substrate, and is located in each
subpixel of the bridge electrode region, so as to electrically
connect the sensing electrodes located in the second sensing
electrode regions, where the second connection electrode
and a sensing electrode of each subpixel located in the
bridge electrode region are separated. The third connection
electrode is disposed on the second substrate, and is located
in the subpixel of the bridge electrode region, so as to
connect the second connection electrodes of two adjacent
subpixel areas located in each bridge electrode region.

In one of the embodiments of the present disclosure, each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has a plurality of first sensing electrode
regions. The patterned electrode layer further includes a
sensing electrode, disposed in each subpixel of the first
sensing electrode region of the first substrate, and the
sensing electrode of each subpixel is partially overlapped
with the non-light emitting area, where the sensing electrode
of each subpixel at least partially surrounds the pixel elec-
trode and the first capacitor electrode, and the pixel electrode
and the first capacitor electrode are separated from the
sensing electrode.

In one of the embodiments of the present disclosure, the
display panel further includes a bank, disposed on the
passivation layer of the first substrate and having a first
opening and a second opening, where the first opening does
not cover at least a part of the first capacitor electrode, the
second opening does not cover at least a part of the pixel
electrode, and the electroluminescent layer and the counter
electrode are located in the second opening, where the bank
covers a sensing electrode.

In one of the embodiments of the present disclosure, the
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has a plurality of sensing electrode regions,
where the display panel further includes a plurality of
sensing electrodes, respectively disposed in the subpixels in
the sensing electrode regions of the first substrate, and the
sensing electrode of each subpixel is partially overlapped
with the non-light emitting area. The sensing electrode of
each subpixel at least partially surrounds the counter elec-
trode, and the pixel electrode, the counter electrode, and the
first capacitor electrode are all separated from the sensing
electrode.

In one of the embodiments of the present disclosure, the
display panel further includes at least one first connection
electrode, respectively disposed between two adjacent sub-
pixels in each sensing electrode region, so as to connect the
counter electrodes of the subpixels, and the pixel electrode,
the sensing electrode, and the first capacitor electrode of
each subpixel are all separated from the first connection
electrode.

In one of the embodiments of the present disclosure, the
display panel further includes a bank, disposed on the
passivation layer of the first substrate and having a first
opening and a second opening, where the first opening does
not cover at least a part of the first capacitor electrode, the
second opening does not cover at least a part of the pixel
electrode, and the electroluminescent layer and the counter
electrode are located in the second opening, where the
sensing electrode is disposed on the bank, and the bank
covers the first connection electrode.
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In one of the embodiments of the present disclosure, the
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has at least one second sensing electrode
region that is interlaced with and separated from the first
sensing electrode regions, where the patterned electrode
layer further includes at least one first sensing electrode,
disposed at and connected to each subpixel of the first
sensing electrode region of the first substrate, and the first
sensing electrode is partially overlapped with the non-light
emitting area. The sensing electrode of each subpixel at least
partially surrounds and is separated from the pixel electrode
and the first capacitor electrode, where the display panel
further includes a bank and a plurality of second sensing
electrodes. The bank is disposed on the passivation layer of
the first substrate and has a first opening and a second
opening, the first opening does not cover at least a part of the
first capacitor electrode, the second opening does not cover
at least a part of the pixel electrode, and the electrolumi-
nescent layer and the counter electrode are located in the
second opening. The bank covers the first sensing electrode.
The second sensing electrodes are respectively disposed on
and are connected to each subpixel of the second sensing
electrode region of the first substrate, and the second sensing
electrodes are partially overlapped with the non-light emit-
ting area, where the second sensing electrodes are disposed
on the bank and at least partially surround the counter
electrode, the counter electrode of each subpixel is separated
from the second sensing electrodes, and the first sensing
electrode is separated from the second sensing electrodes.

In one of the embodiments of the present disclosure, the
first sensing electrode regions and the second sensing elec-
trode region are respectively arranged in different extending
directions, and are interlaced with each other to have at least
one interlaced area, and the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
where the display panel further includes at least one first
connection electrode and at least one second connection
electrode. The first connection electrode is disposed at each
subpixel of the first substrate, so as to connect the second
sensing electrodes of each subpixel. The second connection
electrode is disposed at each subpixel of the first substrate,
the second connection electrode is located on the bank and
is adapted to connect counter electrodes of two adjacent
subpixels in the interlaced area, and the first connection
electrode and the second connection electrode are interlaced
with each other.

in one of the embodiments of the present disclosure, the
bank further covers a part of the first connection electrode.

In one of the embodiments of the present disclosure, each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, and the
display panel has at least one first sensing electrode region
and at least one second sensing electrode region that is
interlaced with and separated from the first sensing electrode
region, where the display panel further includes a plurality
of first sensing electrodes and at least one second sensing
electrode. The first sensing electrodes are respectively dis-
posed at and are connected to each subpixel of the first
sensing electrode region of the second substrate, and the first
sensing electrodes is partially overlapped with the non-light
emitting area, where a capacitor upper electrode of each
subpixel is separated from the first sensing electrodes. A
plurality of second sensing electrodes are disposed at and are
connected to each subpixel of the second sensing electrode
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region of the first substrate, and the second sensing elec-
trodes are partially overlapped with the non-light emitting
area, where the second sensing electrodes of each subpixel
at least partially surround the pixel electrode and the first
capacitor electrode, and the pixel electrode and the first
capacitor electrode are both separated from the second
sensing electrodes.

In one of the embodiments of the present disclosure, the
display panel further includes a bank, disposed on the
passivation layer of the first substrate and having a first
opening and a second opening, where the first opening does
not cover at least a part of the first capacitor electrode, the
second opening does not cover at least a part of the pixel
electrode, and the electroluminescent layer and the counter
electrode are located in the second opening.

In one of the embodiments of the present disclosure, the
first sensing electrode region and the second sensing elec-
trode region are respectively arranged in different extending
directions, and are interlaced with each other to have at least
one interlaced area, and the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
where the display panel further includes at least one first
connection electrode and at least one second connection
electrode. The first connection electrode is disposed at each
subpixel of the second substrate, so as to connect the first
sensing electrodes of each subpixel, where the second
capacitor electrode of each subpixel is separated from each
first connection electrode where the second capacitor elec-
trode is located. The second connection electrode is disposed
at each subpixel of the second substrate and connects
capacitor upper electrodes of two adjacent subpixels, and the
first connection electrode and the second connection elec-
trode are interlaced.

In one of the embodiments of the present disclosure, the
bank covers the second sensing electrodes, the capacitor
dielectric layer covers the first sensing electrodes, the second
connection electrode, and the upper capacitor electrode, and
the first connection electrode is located on the capacitor
dielectric layer.

In one of the embodiments of the present disclosure, the
display panel further includes at least one third connection
electrode, disposed at each subpixel of the first substrate and
connecting counter electrodes of two adjacent subpixels, the
pixel electrode and the third connection electrode are sepa-
rated, and the third connection electrode and the second
sensing electrodes are interlaced.

In one of the embodiments of the present disclosure, the
second sensing electrodes are located on a bank, the bank
covers a part of the third connection electrode, the capacitor
dielectric layer covers the first sensing electrodes, the second
connection electrode, and the upper capacitor electrode, and
the first connection electrode is located on the capacitor
dielectric layer.

In one of the embodiments of the present disclosure, the
first sensing electrode region and the second sensing elec-
trode region are respectively arranged in different extending
directions, and are interlaced with each other to have at least
one interlaced area, and the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
where the first sensing electrodes are located on the capaci-
tor dielectric layer, and the bank covers a part of the second
sensing electrodes.

In one of the embodiments of the present disclosure, the
first sensing electrode region and the second sensing elec-
trode region are respectively arranged in different extending
directions, and are interlaced with each other to have at least
one interlaced area, and the first and second sensing elec-
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trodes are at least partially overlapped in the interlaced area,
where the display panel further includes at least one first
connection electrode and at least one second connection
electrode. The first connection electrode is disposed at each
subpixel of the first substrate, so as to connect the first
sensing electrodes of each subpixel, where the first capacitor
electrode of each subpixel is separated from each first
connection electrode where the first capacitor electrode is
located. The second connection electrode is disposed at each
subpixel of the first substrate and connects counter elec-
trodes of two adjacent subpixels, and the first connection
electrode and the second connection electrode are interlaced.

In one of the embodiments of the present disclosure, the
first sensing electrodes are located on the capacitor dielectric
layer, the second sensing electrodes and the second connec-
tion electrode are located on the bank, and the bank covers
the first connection electrode.

An aspect of the present disclosure provides a display
panel, including a substrate, an upper capacitor electrode, a
capacitor dielectric layer, a first sensing electrode, a counter
substrate, a conductive bump, an electroluminescent layer,
and a counter electrode. The upper capacitor electrode is
disposed on an inner surface of the substrate. The capacitor
dielectric layer covers the upper capacitor electrode. The
first sensing electrode is disposed on the inner surface of the
substrate. The counter substrate is disposed opposite the
substrate, where the counter substrate has at least one a pixel
electrode and a first capacitor electrode separated from the
pixel electrode, the pixel electrode is connected to an end of
a driving element, a gate of the driving element is electri-
cally connected to an end of a switch element, and the first
capacitor electrode is connected to the end of the switch
element. The conductive bump is disposed on the first
capacitor electrode of the counter substrate and is partially
overlapped with the upper capacitor electrode in a vertical
projection direction. The electroluminescent layer is sand-
wiched between the substrate and the counter substrate, and
is located on the pixel electrode. The counter electrode is
disposed on the electroluminescent layer.

In one of the embodiments of the present disclosure, the
first sensing electrode surrounds the upper capacitor elec-
trode.

In one of the embodiments of the present disclosure, the
display panel further includes a first connection electrode
and a second capacitor electrode. The first connection elec-
trode is disposed on an inner surface of the substrate and is
electrically connected to the upper capacitor electrode or the
first sensing electrode. The second capacitor electrode is
disposed on the inner surface of the substrate and is located
on a side, facing and close to the counter substrate, of the
capacitor dielectric layer.

In one of the embodiments of the present disclosure, the
display panel further includes a second sensing electrode,
disposed on the inner surface of the substrate or an inner
surface of the counter substrate, where the second sensing
electrode and the first sensing electrode are interlaced.

In one of the embodiments of the present disclosure, the
upper capacitor electrode surrounds the first sensing elec-
trode.

An aspect of the present disclosure provides a display
panel, including a substrate, an upper capacitor electrode, a
capacitor dielectric layer, a first sensing electrode, a pat-
terned electrode layer, a counter substrate, a conductive
bump, an electroluminescent layer, and a counter electrode.
The upper capacitor electrode is disposed on an inner
surface of the substrate. The capacitor dielectric layer covers
the upper capacitor electrode. The patterned electrode layer
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is disposed on an inner surface of the counter substrate,
where the patterned electrode layer includes a pixel elec-
trode and a first capacitor electrode separated from the pixel
electrode, the pixel electrode is connected to an end of a
driving element, a gate of the driving element is electrically
connected to an end of a switch element, and the first
capacitor electrode is connected to the end of the switch
element. The conductive bump is disposed on the first
capacitor electrode of the counter substrate and is partially
overlapped with the upper capacitor electrode in a vertical
projection direction. The electroluminescent layer is located
on the pixel electrode. The counter electrode is disposed on
the electroluminescent layer. The first sensing electrode is
disposed on the inner surface of the counter substrate.

In one of the embodiments of the present disclosure, the
patterned electrode layer further includes a first connection
electrode, disposed on the counter substrate and electrically
connected to the counter electrode.

In one of the embodiments of the present disclosure, the
display panel further includes a second sensing electrode,
disposed on the counter substrate and interlaced with the
first sensing electrode.

In one of the embodiments of the present disclosure, the
patterned electrode layer further includes a second connec-
tion electrode, electrically connected to the second sensing
electrode.

In one of the embodiments of the present disclosure, the
display panel further includes a bank, disposed on the
patterned electrode layer of the counter substrate and having
a first opening and a second opening, where the first opening
does not cover at least a part of the first capacitor electrode,
the second opening does not cover at least a part of the pixel
electrode, and the electroluminescent layer and the counter
electrode are located in the second opening.

These and other aspects of the present invention will
become apparent from the following description of the
preferred embodiment taken in conjunction with the follow-
ing drawings, although variations and modifications therein
may be effected without departing from the spirit and scope
of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the invention and together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment.

FIG. 1A is an equivalent circuit diagram of a subpixel of
a display panel according to some embodiments of the
present disclosure;

FIG. 1B is an equivalent circuit diagram of a subpixel of
a display panel according to some embodiments of the
present disclosure;

FIG. 2A is a top view of a subpixel of a display panel
according to a first embodiment of the present disclosure;

FIG. 2B is a cross-sectional view of a line 2B-2B accord-
ing to FIG. 24,

FIG. 3Ato FIG. 3C are schematic cross-sectional views of
a partial structure of a subpixel of a display panel in some
embodiments;

FIG. 4 is a cross-sectional view of a subpixel of a display
panel according to a second embodiment of the present
disclosure;
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FIG. 5Ato FIG. 5C are schematic cross-sectional views of
a partial structure of a subpixel of a display panel in some
embodiments;

FIG. 6 is a cross-sectional view of a subpixel of a display
panel according to a third embodiment of the present dis-
closure;

FIG. 7A is a schematic top view of a display panel
according to a fourth embodiment of the present disclosure;

FIG. 7B is an enlarged view of the display panel in FIG.
TA;

FIG. 7C is a schematic partial top view of the display
panel in FIG. 7B;

FIG. 7D is a schematic cross-sectional view along a line
7D-7D in FIG. 7C;

FIG. 7E and FIG. 7F are schematic top views of a display
panel according to some embodiments of the present dis-
closure;

FIG. 8A is a schematic partial top view of a display panel
according to a fifth embodiment of the present disclosure;

FIG. 8B is a schematic cross-sectional view along a line
8B-8B in FIG. 8A;

FIG. 8C is a schematic partial top view of a display panel
according to a sixth embodiment of the present disclosure;

FIG. 8D is a schematic cross-sectional view along a line
8D-8D in FIG. 8C;

FIG. 9A is a schematic top view of a display panel
according to a seventh embodiment of the present disclo-
sure;

FIG. 9B is a partial enlarged view of the display panel in
FIG. 9A;

FIG. 9C is a partial enlarged view of the display panel in
FIG. 9B;

FIG. 9D is a schematic cross-sectional view along a line
9D-9D in FIG. 9C;

FIG. 9E is a schematic cross-sectional view along a line
9E-9E in FIG. 9C;

FIG. 10A is a schematic partial top view of a display panel
according to an eighth embodiment of the present disclo-
sure;

FIG. 10B is a schematic cross-sectional view of along a
line 10B-10B in FIG. 10A;

FIG. 10C is a schematic cross-sectional view of along a
line 10C-10C in FIG. 10A;

FIG. 10D is a schematic cross-sectional view along a line
10D-10D in FIG. 104;

FIG. 10E is a schematic partial top view of a display panel
according to some embodiments of the present disclosure;

FIG. 10F is a schematic cross-sectional view along a line
10F-10F in FIG. 10E;

FIG. 10G is a schematic cross-sectional view along a line
10G-10G i FIG. 10E;

FIG. 10H is a schematic cross-sectional view along a line
10H-10H in FIG. 10E;

FIG. 11A is a schematic cross-sectional view of a subpixel
of a display panel according to a ninth embodiment of the
present disclosure;

FIG. 11B is a schematic top view of some elements of a
first substrate of the subpixel of the display panel in FIG.
114;

FIG. 11C is a schematic cross-sectional view along a line
11C-11C in FIG. 11B;

FIG. 12A is a schematic cross-sectional view of a subpixel
of a display panel according to a tenth embodiment of the
present disclosure;

FIG. 12B is a schematic top view of some elements of a
first substrate of the subpixel of the display panel in FIG.
124,



US 10,170,714 B2

11

FIG. 12C is a schematic cross-sectional view along a line
12C-12C in FIG. 12B;

FIG. 13A is a schematic perspective view of a display
panel according to an eleventh embodiment of the present
disclosure;

FIG. 13B is a schematic cross-sectional view of a subpixel
of the display panel in FIG. 13A in an interlaced area;

FIG. 13C is a schematic top view of some elements of a
first substrate of the subpixel of the display panel in FIG.
13B;

FIG. 13D is a schematic cross-sectional view along a line
13D-13D in FIG. 13C;

FIG. 14A is a schematic perspective view of a display
panel according to a twelfth embodiment of the present
disclosure;

FIG. 14B is a schematic cross-sectional view of a subpixel
of the display panel in FIG. 14A in an interlaced area;

FIG. 14C is a schematic top view of some elements of a
first substrate and some elements of a second substrate of the
subpixel of the display panel in FIG. 14B;

FIG. 15A is a schematic cross-sectional view of a subpixel
of a display panel in an interlaced area according to a
thirteenth embodiment of the present disclosure;

FIG. 15B is a schematic top view of some elements of a
first substrate and some elements of a second substrate of the
subpixel of the display panel in FIG. 15A;

FIG. 16A is a schematic cross-sectional view of a subpixel
of a display panel in an interlaced area according to a
fourteenth embodiment of the present disclosure;

FIG. 16B is a schematic top view of some elements of a
first substrate and some elements of a second substrate of the
subpixel of the display panel in FIG. 16A;

FIG. 17A is a schematic cross-sectional view of a subpixel
of a display panel in an interlaced area according to a
fifteenth embodiment of the present disclosure; and

FIG. 17B is a schematic top view of some elements of a
first substrate and some elements of a second substrate of the
subpixel of the display panel in FIG. 17A.

DETAILED DESCRIPTION

Some of the embodiments of the present disclosure are
disclosed below with reference to the accompanying draw-
ings. For clear description, many details in practice will be
described together in the following description. However, it
should be understood that these details in practice should not
be used to limit the present disclosure. That is, in one of the
embodiments of the present disclosure, these details in
practice are not essential. In addition, to simplify the accom-
panying drawings, some conventional structures and ele-
ments are shown in a simple schematic manner in the
accompanying drawings. Further, the term “connect” or
“electrically connected,” as used herein, refers to the direct
or indirect physical or electrical contact between or among
two or more components, or the mutual operation or action
of two or more components.

In one of the embodiments of the present disclosure, a
display panel includes a plurality of subpixels 100. FIG. 1A
is an equivalent circuit diagram of a subpixel 100 of the
display panel according to some embodiments of the present
disclosure. As shown in FIG. 1A, the subpixel 100 in one of
the embodiments of the present disclosure at least includes
a data line DL, a scan line SL, a power line PL, a switch
element SW, a driving element DI, a capacitor element CA,
and an electroluminescent element OLED. It should be
noted that according to a design requirement, the subpixel
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100 of the present disclosure may also include another thin
film transistor, and there may be a plurality of capacitor
elements CA.

In one of the embodiments of the present disclosure, the
switch element SW includes two ends S1 and D1 and a first
gate G1. One of the ends S1 and D1 is electrically connected
to the data line DL, and the first gate G1 is electrically
connected to the scan line SL. The driving element DI
includes two ends S2 and D2 and a second gate G2. One of
the ends S2 and D2 is electrically connected to the power
line PL, and the other one of the ends S2 and D2 is
electrically connected to the electroluminescent element
OLED, and the second gate G2 is electrically connected to
the other one of the ends S1 and D1 of the switch element
SW. An end of the capacitor element CA is electrically
connected to the second gate G2, and the other end of the
capacitor element CA is electrically connected to the power
line PL.

In one of the embodiments of the present disclosure, the
capacitor element CA is a storage capacitor (solid state
storage capacitor). When an electric signal passes through
the switch element SW and is transferred to the second gate
G2, the capacitor element CA may keep a voltage of the
second gate G2 stable.

Herein, the switch element SW and the driving element
DI may be a thin film transistor. and a type of the thin film
transistor includes a bottom gate type, a top gate type, or
another suitable type. In FIG. 1A of the present disclosure,
for example, the switch element SW and the driving element
DI are P-type thin film transistors. However, in an actual
configuration, the switch element SW and the driving ele-
ment DI may also be N-type thin film transistors shown as
the switch element SW and the driving element DI in FIG.
1B to design a pixel circuit. Alternatively, one of the switch
element SW and the driving element DI is a P-type thin film
transistor, and the other one is an N-type thin film transistor.
A semiconductor layer of the thin film transistor may have
a single-layer or multiple-layer structure, and a material of
the semiconductor layer includes amorphous silicon, poly-
crystalline silicon, microcrystalline silicon, monocrystalline
silicon, a metal oxide semiconductor material, a metal
nitride semiconductor material, a metal oxynitride semicon-
ductor material, an organic semiconductor material or
another appropriate material.

FIG. 2A is a schematic top view of a subpixel 100 of a
display panel according to a first embodiment of the present
disclosure. FIG. 2B is a schematic cross-sectional view
according to a line 2B-2B in FIG. 2A. The display panel has
a first substrate (or referred to as a counter substrate) 110 and
a second substrate (or referred to as a substrate) 170 dis-
posed on the first substrate 110. Referring to FIG. 1A, FIG.
2A, and FIG. 2B together, in one of the embodiments of the
present disclosure, at least some of the subpixels 100 at least
include a data line DL, a scan line SL, a power line PL, a
switch element SW, a driving element DI, a patterned
electrode layer 120, an electroluminescent layer 130, a
counter electrode 140, a passivation layer 160, a conductive
bump 180, an upper capacitor electrode 210, and a capacitor
dielectric layer 190.

The switch element SW, the driving element DI, the data
line DL, the scan line SL, and the power line PL are disposed
on the first substrate 110. The scan line SL extends in a first
direction DR1, and the data line DL extends in a second
direction DR2, where the second direction DR2 is not
parallel to the first direction DRI, that is, the first direction
DR1 and the second direction DR2 are interlaced. In one of
the embodiments of the present disclosure, for example, the
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first direction DR1 and the second direction DR2 are set to
be substantially perpendicular to each other; however, the
present disclosure is not limited thereto. The power line PL
is electrically connected to a first voltage source V1. In this
embodiment, a second gate G2 of the driving element DI is
electrically connected to an end D1 of the switch element
SW via a connection wire CL. A configuration of the switch
element SW and the driving element DI is substantially as
discussed above in FIG. 1A or FIG. 1B, and is no longer
elaborated herein. For example, the switch element SW and
the driving element DI in FIG. 2B are top-gate-type thin film
transistors, and the rest types are described above. For
simplification, for example, a top-gate-type thin film tran-
sistor includes a semiconductor layer (not shown), the first
gate G1/the second gate G2 are disposed on the semicon-
ductor layer (not shown), a gate insulation layer L2 is
sandwiched between the semiconductor layer (not shown)
and the first gate G1/the second gate G2. An inter-level
dielectric layer 13 covers the first gate G1/the second gate
G2 and the gate insulation layer L2, and two ends S1 and
D1/S2 and D2 of the thin film transistor are respectively
connected to the semiconductor layer (not shown). A bot-
tom-gate-type thin film transistor includes a first gate G1/a
second gate G2, where a semiconductor layer (not shown) is
disposed on the first gate G1/the second gate G2, the gate
insulation layer 1.2 is sandwiched between the semiconduc-
tor layer (not shown) and the first gate G1/the second gate
G2, and two ends S1 and D1/S2 and D2 of the thin film
transistor are respectively connected to the semiconductor
layer (not shown). A buffer layer L1 may be selectively
disposed on an inner surface of the first substrate 110, and
is sandwiched between the inner surface of the first substrate
110 and the gate insulation layer [.2. For the gate insulation
layer 1.2, the inter-level dielectric layer L3, and buffer layer
L1, a material of a subsequent passivation layer 160 may be
selected, and at least two of the foregoing may be substan-
tially the same or different.

The passivation layer 160 is disposed on the first substrate
110, and covers the scan line SL, the data line DL, the power
line PL, the switch element SW, the driving element DI, the
connection wire CL, and the first substrate 110, and the
passivation layer 160 has a first contact hole H1 and a
second contact hole H2. The passivation layer 160 may have
a single-layer or multiple-layer structure, and a material of
the passivation layer may be an inorganic material (for
example, silicon oxide, silicon nitride, silicon nitroxide or
another suitable material), an organic material (for example,
a photoresist, polyimide (PI), benzocyclobutene (BCB) or
another suitable material) or another suitable material.

The patterned electrode layer 120 is disposed on the
passivation layer 160 of the first substrate 110. The patterned
electrode layer 120 includes a first capacitor electrode 122
and a pixel electrode 124 separated from the first capacitor
electrode 122. The pixel electrode 124 is electrically con-
nected to an end D2 of the driving element DI via the second
contact hole H2, and the first capacitor electrode 122 is
electrically connected to the connection wire CL via the first
contact hole H1. The first capacitor electrode 122 and the
connection wire CL are at least partially overlapped, so as to
be electrically connected by the first contact hole H1. The
first capacitor electrode 122 is not overlapped with (in a
direction of a vertical projection on the first substrate) the
semiconductor layer (not shown, as shown in FIG. 2A or
FIG. 2B) of the driving element DI and the switch element
SW, so as to reduce a coupling effect of the first capacitor
electrode 122 on the driving element DI and the switch
element SW. The connection wire CL is located between the
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driving element DI and the switch element SW, and is made
of a conductor material, for example, metal, alloy, an ohm
contact semiconductor layer (for example, a heavily-doped
semiconductor layer). A resistance of the connection wire
CL is less than that of the semiconductor layer itself (for
example, an intrinsic layer or a lightly-doped semiconductor
layer), or another suitable material, or a combination of the
foregoing.

The patterned electrode layer 120 may have a single-layer
or multiple-layer structure, and a material of the patterned
electrode layer 120 includes a transparent conductive mate-
rial (for example, indium tin oxide, indium zinc oxide, zinc
oxide, a carbon nanotube, indium gallium zinc oxide, or
another suitable material), a non-transparent conductive
material (for example, metal, alloy, or another suitable
material), or another suitable material. For example, accord-
ing to that the display panel is a bottom emission type (that
is, light leaves from only an outer surface of the first
substrate 110) or a double-sided emission type (that is, light
respectively leaves from outer surfaces of the first substrate
110 and the second substrate 170), the patterned electrode
layer 120 is made of a transparent conductive material.
According to that the display panel is a top emission type
(that is, light leaves from only an outer surface of the second
substrate 170), the patterned electrode layer 120 is made of
a non-transparent conductive material.

In one of the embodiments of the present disclosure, the
display panel may selectively further includes a bank (or
namely dam) 150, where the bank 150 is disposed on the
passivation layer 160 of the first substrate 110. The bank 150
may cover a part of the patterned electrode layer 120. The
bank 150 has a first opening 152 and a second opening 154.
The first opening 152 does not cover (or namely not shield)
at least a part of the first capacitor electrode 122, that is, the
first opening 152 uncovers (or referred to as “shows” or
“exposes”) at least a part of the first capacitor electrode 122.
The second opening 154 does not cover at least a part of the
pixel electrode 124, that is, the second opening 154 uncovers
(or referred to as “shows” or “exposes”) at least a part of the
pixel electrode 124. In other words, the first opening 152 is
vertically projected on the first capacitor electrode 122 (the
first substrate), and the first opening 152 and the first
capacitor electrode 122 are at least partially overlapped. It
may be seen that the first opening 152 is located on at least
a part of the first capacitor electrode 122. The second
opening 154 is vertically projected on the pixel electrode
124 (the first substrate) and the second opening 154 and the
pixel electrode 124 are at least partially overlapped. It may
be seen that the second opening 154 is located on at least a
part of the pixel electrode 124. The electroluminescent layer
130 and the counter electrode 140 are located in the second
opening 154. Therefore, the bank 150 may make it easy for
the electroluminescent layer 130 to be placed inside the
second opening 154. In other embodiments, the electrolu-
minescent layer 130 can be covering at least parts of bank
150, for example, the electroluminescent layer 130 is not
only on the second opening, but also on at least parts of the
bank 150 (such as top and/or one side of the bank 150). The
bank 150 may have a single-layer or multiple-layer struc-
ture, and a material of the bank 150 may be an inorganic
material (for example, silicon oxide, silicon nitride, silicon
nitroxide, or another suitable material), an organic material
(for example, a photoresist, PI, BCB, or another suitable
material), or another suitable material. In an embodiment of
the present disclosure, an organic material is used as an
example; however, the present disclosure is not limited
thereto.
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In one of the embodiments of the present disclosure, the
electroluminescent layer 130 is located on the pixel elec-
trode 124 of the first substrate 110. The counter electrode
140 is disposed on the electroluminescent layer 130 of the
first substrate 110 and is electrically connected to a second
voltage source V2 (as shown in FIG. 1A or FIG. 1B). The
second voltage source V2 is different from the first voltage
source V1. The electroluminescent layer 130 may be formed
of an organic light emitting material, an inorganic light
emitting material or a combination of the foregoing. In this
way, the pixel electrode 124, the electroluminescent layer
130, and the counter electrode 140 together form the fore-
going electroluminescent element OLED (for example,
referring to FIG. 1A or FIG. 1B). The counter electrode 140
may have a single-layer or multiple-layer structure, and a
material of the counter electrode 140 includes a transparent
conductive material (for example, indium tin oxide, indium
zine oxide, zinc oxide, carbon nanotube, indium gallium
zinc oxide, or another suitable material), a non-transparent
conductive material (for example, metal, alloy, or another
suitable material), or another suitable material. For example,
according to that the display panel is a bottom emission type
(that 1s, light leaves from only an outer surface of the first
substrate 110), the counter electrode 140 is made of a
non-transparent conductive material. According to that the
display panel is a top emission type (that is, light leaves from
only an outer surface of the second substrate 170) and a
double-sided emission type (that is, light respectively leaves
from outer surfaces of the first substrate 110 and the second
substrate 170), the counter electrode 140 is made of a
transparent conductive material.

In one of the embodiments of the present disclosure, the
subpixel 100 has a light emitting area DA corresponding to
the electroluminescent layer 130 and a non-light emitting
area NA at least disposed on a side of the light emitting area
DA. In one of the embodiments, the data line DL, the scan
line SL, the power line PL, the switch element SW, and the
driving element DI are disposed in the non-light emitting
area NA, thereby preventing a display effect from being
affected because light cannot be transmitted.

In one of the embodiments of the present disclosure, the
conductive bump 180 is protrusively disposed on the first
capacitor electrode 122 of the first substrate 110. The
conductive bump 180 may include a single-layer or mul-
tiple-layer structure, and a material of the conductive bump
180 includes a conductive polymer (for example, metal
exists in a molecular formula, an intrinsic conductive poly-
mer, a polymer (for example, conductive glue) mixed with
nano-particles or micro-scale particles, or another suitable
material), a non-transparent conductive material (for
example, metal, alloy, or another suitable material), a trans-
parent conductive material (for example, indium tin oxide,
indium zinc oxide, zinc oxide, a carbon nanotube, indium
gallium zinc oxide, or another suitable material), or another
suitable material. Generally speaking, to increase conduc-
tivity of the conductive bump 180, preferably, for a material
of the conductive bump 180, a non-transparent conductive
material (for example, metal, alloy, or another appropriate
material) may be selected. The conductive bump 180 is
disposed corresponding to the first capacitor electrode 122 in
a vertical projection direction on the first substrate, that is,
the conductive bump 180 is on the first capacitor electrode
122, and the conductive bump 180 is overlapped with the
first capacitor electrode 122 in the vertical projection direc-
tion. For example, when the bank 150 is disposed in the
display panel, at least a part of the conductive bump 180 is
located in the first opening 152. A thickness (a distance from
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a bottom surface to a top surface) of the conductive bump
180 is greater than or substantially equal to a thickness (a
distance from a bottom surface to a top surface) of the bank
150. That is, a top portion (surface) of the conductive bump
180 is convex from or is substantially flush with a top
portion (surface) of the bank 150; however, the present
disclosure is not limited thereto.

The upper capacitor electrode 210 is disposed on an inner
surface of the second substrate 170, and the capacitor
dielectric layer 190 covers the upper capacitor electrode 210.
In this embodiment, a surface of the capacitor dielectric
layer 190 is in contact with the top portion of the conductive
bump 180. The conductive bump 180, the capacitor dielec-
tric layer 190, and the upper capacitor electrode 210 form a
storage capacitor, that is, the foregoing capacitor element
CA (for example, referring to FIG. 1A or FIG. 1B). The
capacitor dielectric layer 190 may have a single-layer or
multiple-layer structure, and a material of the capacitor
dielectric layer 190 includes a non-self-emission material
(that is, non-electroluminescent material), for example, an
inorganic material (for example, silicon nitride, silicon
oxide, silicon nitroxide, or another suitable material), an
organic material (for example, a photoresist, PI, BCB or
another suitable material), a light conversion material (for
example, a color photoresist, quantum dot/rod or another
suitable material), or another suitable material.

In one of the embodiments, the display panel is a top
emission type or a double-sided emission type, and the upper
capacitor electrode 210 is made of a non-transparent con-
ductive material. The upper capacitor electrode 210 may be
not disposed in a light emitting area DA (that is, the upper
capacitor electrode 210 is disposed in only a non-light
emitting area NA), or the upper capacitor electrode 210 is
made of a transparent conductive material in the light
emitting area DA while is made of a non-transparent con-
ductive material in the non-light emitting area NA. In this
way, a light ray may be emitted from the electroluminescent
layer 130 and passes through the capacitor dielectric layer
190 and the outer surface of the second substrate 170, and
is output from only the outer surface of the second substrate
170 (a top emission type), or a light ray may be emitted from
the electroluminescent layer 130 and respectively passes
through the capacitor dielectric layer 190 and the outer
surface of the second substrate 170 and is output from the
outer surface of the first substrate 110 (a double-sided
emission type). The upper capacitor electrode 210 does not
affect a light ray inside the light emitting area DA. In one of
the embodiments, when the display panel is a top emission
type or double-sided emission type and the upper capacitor
electrode 210 is made of a transparent conductive material,
the upper capacitor electrode 210 may completely cover the
second substrate 170 and is disposed in the light emitting
area DA and the non-light emitting area NA. In this way, a
light ray may be emitted from the electroluminescent layer
130 and respectively output from the outer surface of the
first substrate 110 and the outer surface of the second
substrate 170 (the double-sided emission type) or is output
from only the outer surface of the second substrate 170 (a
top emission type).

Alternatively, in one of the embodiments, the display
panel is a bottom emission type, and the upper capacitor
electrode 210 is made of a non-transparent conductive
material, the upper capacitor electrode 210 may completely
cover the second substrate 170 and is disposed in the light
emitting area DA and the non-light emitting area NA. In this
way, after a light ray may be emitted from the electrolumi-
nescent layer 130, for example, most of the light passes
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through the pixel electrode 124, the passivation layer 160,
the buffer layer L1, the gate insulation layer L2, the intet-
level dielectric layer 1.3, and the outer surface of the first
substrate 110, and is output from only the outer surface of
the first substrate 110.

By means of the conductive bump 180, the capacitor
dielectric layer 190, and the upper capacitor electrode 210,
an interval (or namely gap) between the second substrate
170 and the first substrate 110 can be kept, meanwhile, the
capacitor element CA is also formed, so as to keep a stable
display effect of the subpixel. Further, the capacitor element
CA of the present disclosure involves respectively a related
design of the conductive bump 180 on the first substrate 110
and a related design of the upper capacitor electrode 210 on
the second substrate 170, so that a bottom-emission or
double-sided emission type display panel can be improved.
Because a problem of a relatively small aperture ratio raised
when a relatively large capacitor element area is designed
only on the first substrate 110 is solved, it is seen that the
resolution and/or brightness may be increased, for example,
may be increased by approximately at least 50%. Further, a
layout of the capacitor element CA of the present disclosure
may be relatively loose (or namely relatively bigger toler-
ance). Moreover, the related design on the second substrate
170 in this embodiment is relatively flat (for example, a
thickness difference between the conductive bump and the
inner surface of the second substrate 170 does not exist). As
compared with that a great thickness variation exists on the
second substrate 170 (for example, the thickness difference
between the conductive bump and the inner surface of the
second substrate 170 exists), in this embodiment, a yield of
the display panel can be improved. In another embodiment,
a top emission type display panel is also applicable.

In one of the embodiments of the present disclosure, the
conductive bump 180 may selectively include a bump 182
and a third capacitor electrode 184. The bump 182 is located
in the non-light emitting area NA. The third capacitor
electrode 184 at least covers the bump 182 and extends and
is connected to the first capacitor electrode 122. In one of the
embodiments, preferably, the third capacitor electrode 184
and the counter electrode 140 may be formed by using a
same patterned layer, and a material of the patterned layer
may be a transparent conductive material or an opaque
conductive material according to the foregoing type of the
display panel. The third capacitor electrode 184 is separated
from the counter electrode 140. The bump 182 may have a
single-layer or multiple-layer structure, and a material of the
bump 182 includes an insulation material (for example,
reference may be made to the foregoing organic material,
inorganic material or another suitable material, or the fore-
going combination), a conductive material (for example,
reference may be made to the foregoing conductive polymer,
non-transparent conductive material, transparent conductive
material, or another suitable material, or the foregoing
combination) or the foregoing combination, or further the
bump 182 has a same material as that of the foregoing bank
150 and is formed by using a same patterned layer. More-
over, when the bump 182 is made of a non-transparent
conductive material or a non-transparent material, the bump
182 is located in only the non-light emitting area NA, and
the bump 182 corresponds to the foregoing first capacitor
electrode 122, that is, the bump 182 is vertically projected on
the first capacitor electrode 122 (or the first substrate), and
the bump 182 and the first capacitor electrode 122 are at
least partially overlapped.

In this embodiment, a gap P1 is provided between the
bump 182 and the bank 150, and the bump 182 and the bank
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150 are not directly connected. The third capacitor electrode
184 may be selectively in contact with the bank 150, and the
third capacitor electrode 184 is connected to the first capaci-
tor electrode 122 through the gap P1; however, the present
disclosure is not limited thereto.

Referring to FIG. 3A to FIG. 3C, FIG. 3A to FIG. 3C are
schematic cross-sectional views of a partial structure of a
subpixel of a display panel in at least one of the embodi-
ments. Referring to FIG. 3A, a gap P1 may exist between a
bump 182 and a bank 150, the bump 182 and the bank 150
are not directly connected, a third capacitor electrode 184
may be not in contact with the bank 150, and the third
capacitor electrode 184 is connected to a first capacitor
electrode 122 through the gap P1. Alternatively, referring to
FIG. 3B, in one of the embodiments, the bank 150 may be
directly connected at one end of the bump 182, and the gap
P1 is kept at another end. The third capacitor electrode 184
is connected to the first capacitor electrode 122 through the
gap P1, where the bank 150 may be connected at three ends
of the bump 182 at most. As the bump 182 is made of an
insulation material, the third capacitor electrode 184 exists.
As the bump 182 is made of a conductive material, the third
capacitor electrode 184 may be selectively disposed. Fur-
ther, referring to FIG. 3C, in one of the embodiments, the
bump 182 has at least one opening 182a of which a vertical
projection on a first substrate is partially overlapped with the
first capacitor electrode 122, that is, the first capacitor
electrode 122 is uncovered, and the third capacitor electrode
184 is electrically connected to the first capacitor electrode
122 through the opening 182a. The bump 182 and the bank
150 are connected, so that both the bump 182 and the bank
150 are made of an insulation material, and the third
capacitor electrode 184 needs to exist. Therefore, stability of
a conductive bump 180 in FIG. 3C is greater than that in
FIG. 3B, and the stability of the conductive bump 180 in
FIG. 3B is greater than that in FIG. 3A. In FIG. 3A to FIG.
3C, the bank 150 may be selectively retracted outside the
first capacitor electrode 122, so as to increase a contact area
between the first capacitor electrode 122 and the third
capacitor electrode 184, thereby increasing the stability of
electric conduction. In addition, shapes of vertical projec-
tions of the foregoing openings 1824, 152, and 154 on the
first substrate 110 may be a polygon, and in the present
disclosure, a rectangle is used as an example; however, the
present disclosure is not limited thereto. For a cross-sec-
tional shape of the foregoing conductive bump 180 or bump
182 of the present disclosure, a trapezoid that facilitates
manufacturing is used as an example; however, the present
disclosure is not limited thereto, and another appropriate
cross-sectional shape may also be used. For example, in
another embodiment, the cross-sectional shape of the con-
ductive bump 180 or bump 182 may be a step shape, so that
the third capacitor electrode 184 has high gradeability and
does not fracture easily.

In the foregoing embodiments, various embodiments of
configuring the bump 182, the bank 150, and the third
capacitor electrode 184 are shown. It should be understood
that, these configurations may all be applied to another
embodiment of the present disclosure, and are not described
herein one by one.

FIG. 4 is a cross-sectional view of a subpixel 100 of a
display panel according to a second embodiment of the
present disclosure. This embodiment is similar to the
embodiment in FIG. 2B, and a difference lies in that the
display panel of this embodiment further includes a second
capacitor electrode 200, disposed between a capacitor
dielectric layer 190 and a conductive bump 180, that is, the
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second capacitor electrode 200 is disposed on a capacitor
dielectric layer 190 of a second substrate 170. Herein, two
opposite surfaces 202 and 204 of the second capacitor
electrode 200 are respectively in contact with the capacitor
dielectric layer 190 and the conductive bump 180. The
conductive bump 180, the capacitor dielectric layer 190, the
second capacitor electrode 200, and an upper capacitor
electrode 210 form a storage capacitor (solid state), that is,
the second capacitor electrode 200, the conductive bump
180, and a first capacitor electrode 122 are used as one
electrode (for example, a lower electrode) in the storage
capacitor, and the upper capacitor electrode 210 is used as
the other electrode (for example, an upper electrode) in the
storage capacitor.

In some cases, for example, when planarization is not
performed, a surface 190a of the capacitor dielectric layer
190 may have particular roughness, resulting in that the
conductive bump 180 and the capacitor dielectric layer 190
may be not in complete contact, which affects a capacitance
value.

In this embodiment, the second capacitor electrode 200 is
directly disposed on the capacitor dielectric layer 190 of the
second substrate 170, enabling the complete contact
between the second capacitor electrode 200 and the capaci-
tor dielectric layer 190. Specifically, the second capacitor
electrode 200 is formed by depositing or coating a conduc-
tive material on the capacitor dielectric layer 190. The
second capacitor electrode 200 may have a single-layer or
multiple-layer structure, and a material of the second capaci-
tor electrode 200 includes a conductive polymer (for
example, metal elements exist in a molecular formula, an
intrinsic conductive polymer, polymer mixed with nano
particles (that is, a conductive glue), or another suitable
material), a non-transparent conductive material (for
example, metal, alloy, or another suitable material), a trans-
parent conductive material (for example, indium tin oxide,
indium zinc oxide, zinc oxide, carbon nanotube, indium
gallium zinc oxide, or another suitable material), or another
suitable material. To increase adhesiveness of the second
capacitor electrode 200, the material (for example, conduc-
tive polymer) of the second capacitor electrode 200 may
have suitable adhesion, so that the second capacitor elec-
trode 200 is bonded to the surface 1904 of the capacitor
dielectric layer 190 and is filled in an uneven concave
portion of the surface 190a.

In this embodiment, if a plurality of contact points exists
on respective electrode surfaces of the second capacitor
electrode 200 and the conductive bump 180, a voltage may
be easily transferred from the conductive bump 180 to the
second capacitor electrode 200. Therefore, by using the
second capacitor electrode 200, the capacitor dielectric layer
190 and the conductive bump 180 may achieve a desirable
electrical connection therebetween. In this way, the second
capacitor electrode 200 (and the conductive bump 180), the
capacitor dielectric layer 190, and the upper capacitor elec-
trode 210 together form the foregoing capacitor element CA
(for example, referring to FIG. 1A or FIG. 1B), so as to
prevent the roughness of the surface 190a of the capacitor
dielectric layer 190 from affecting a capacitance value. In
addition, the lower electrode of the capacitor element CA is
changed by using the second capacitor electrode 200 rather
than the conductive bump 180 to determine an area of the
lower electrode of the capacitor element CA, so that an
overlapped area of vertical projections of the second capaci-
tor electrode 200 and the upper capacitor electrode 210 is
increased. Therefore, in a second embodiment of the present
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disclosure, as compared with a first embodiment, the capaci-
tance value may be further increased by at least 50%.

Herein, to facilitate alignment and fixation of some ele-
ments on a first substrate 110 and the second substrate 170,
a corresponding structure, for example, a groove or a
protrusion may be provided on a film layer of the second
substrate, for example, the capacitor dielectric layer 190 or
the second capacitor electrode 200, so that the conductive
bump 180 is accommodated. Specifically, referring to FIG.
5A to FIG. 5C, FIG. 5A to FIG. 5C are schematic cross-
sectional views of a partial structure of a subpixel of a
display panel in at least one of the embodiments. In at least
one of the embodiments of the present disclosure, it may be
set that a lower surface 202 of the second capacitor electrode
200 has a first portion 202¢ and a second portion 2024
located on at least one side of the first portion 202a. For
example, the second portion 2025 at least partially surrounds
and protrudes from the first portion 2024, where a vertical
projection of the conductive bump 180 on the lower surface
202 of the second capacitor electrode 200 is overlapped with
the first portion 202a, so that a top portion (surface) of the
conductive bump 180 is corresponding to (or namely accom-
modated at) the first portion 202a on the lower surface 202
of the second capacitor electrode 200.

Referring to FI1G. 5A, the second capacitor electrode 200
may have a protrusion 206, which may be formed by
providing an extra conductive layer or increasing a partial
thickness of the second capacitor electrode 200. Alterna-
tively, referring to FIG. 5B, the capacitor dielectric layer 190
may have a protrusion 194, which may be formed by
providing an extra insulation layer or increasing a partial
thickness of the capacitor dielectric layer 190. The second
capacitor electrode 200 covers the capacitor dielectric layer
190 in a contoured manner, so that the lower surface 202 of
the second capacitor electrode 200 has the first portion 2024
and the second portion 20256 located on at least one side of
the first portion 202a. For example, the second portion 2025
corresponds to the protrusion 194 and at least partially
surrounds and protrudes from the first portion 202a. More-
over, referring to FIG. 5C, the capacitor dielectric layer 190
may have a groove 196, and the second capacitor electrode
200 covers the capacitor dielectric layer 190 in a contoured
mannet, so that the lower surface 202 of the second capacitor
electrode 200 has the first portion 202a¢ and the second
portion 2025 located on at least one side of the first portion
202a. For example, the first portion 202a corresponds to the
groove 196, and the second portion 2025 at least partially
surrounds and protrudes from the first portion 202a. In
another embodiment, the second capacitor electrode 200
may have a groove 196, so that the lower surface 202 of the
second capacitor electrode 200 has the first portion 202a and
the second portion 2025 located on at least one side of the
first portion 202a. For example, the first portion 202a
corresponds to the groove 196, and the second portion 2025
at least partially surrounds and protrudes from the first
portion 202a. Certainly, the scope of the present disclosure
should not be limited thereto. In another embodiment, the
configuration of the second capacitor electrode 200 may be
omitted, and only the capacitor dielectric layer 190 is
adapted to limit the position of the conductive bump 180.

FIG. 6 is a cross-sectional view of a subpixel 100 of a
display panel according to a third embodiment of the present
disclosure. This embodiment is similar to the embodiment in
FIG. 2B, and a difference lies in that a conductive bump 180
of this embodiment is made of a conductive material, for
example, a metal material or another suitable conductive
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material, but it is not a composite layer formed of an
insulation layer and a conductive layer.

Herein, the conductive bump 180 may include a single-
layer or multiple-layer structure, and a material of the
conductive bump 180 includes a conductive polymer (for
example, metal elements exist in a molecular formula, an
intrinsic conductive polymer, a polymer mixed with nano
particles (that is, a conductive glue), or another suitable
material), a non-transparent conductive material (for
example, metal, alloy, or another appropriate material), a
transparent conductive material (for example, indium tin
oxide, indium zinc oxide, zinc oxide, a carbon nanotube,
indium gallium zinc oxide, or another suitable material), or
another suitable material. Generally speaking, to increase
conductivity of the conductive bump 180, preferably, for the
material of the conductive bump 180, a non-transparent
conductive material (for example, metal, alloy, or another
suitable material) is selected. In addition, as discussed
above, in this embodiment, a third capacitor electrode 184
may be selectively disposed. In this way, the conductive
bump 180, a capacitor dielectric layer 190, and an upper
capacitor electrode 210 or the conductive bump 180 with the
third capacitor electrode 184, the capacitor dielectric layer
190, and the upper capacitor electrode 210 form a storage
capacitor, that is, the foregoing capacitor element CA (refer-
ring to FIG. 1A). In addition, in this embodiment, a second
capacitor electrode 200 may also be selectively disposed.
The second capacitor electrode 200 (and the conductive
bump 180), the capacitor dielectric layer 190, and the upper
capacitor electrode 210 together form the foregoing capaci-
tor element CA.

Various subpixel structures are respectively described in
the foregoing multiple embodiments. For the subpixel struc-
tures, further applications are provided below. For example,
a sensing element is embedded in the display panel, that is,
the sensing element is located between inner surfaces of a
first substrate 110 and a second substrate 170. The sensing
element may include a capacitive touch (position) sensing
element, a capacitive touch (force) sensing element, a fin-
gerprint recognition sensing element, an electromagnetic
sensing element (for example, near-field communication
sensing element, a wireless charging sensing element or
another suitable element), or another suitable element, or a
combination of at least two of the foregoing. Specifically, a
sensing electrode and a connection electrode are disposed in
these subpixels. The sensing electrode and the connection
electrode may be formed by using a same patterned layer as
any conductive layer, for example, the patterned electrode
layer 120, the counter electrode 140, the third capacitor
electrode 184, the upper capacitor electrode 210, and the
second capacitor electrode 200 in the foregoing, in the
subpixel 100. In another manner, the sensing electrode and
the connection electrode may be formed by using a same
patterned layer as a corresponding conductive layer, and are
integrated in a pixel structural array inside the display panel,
so that effects of sensing and display are achieved, and extra
film layers and process steps may not be caused, which helps
reduce a cost and a time of manufacturing.

In the following description in FIG. 7A to FIG. 12C,
interlaced and non-interlaced sensing arrays are integrated.

FIG. 7A is a schematic top view of a display panel DD
according to a fourth embodiment of the present disclosure.
FIG. 7B is an enlarged view of the display panel DD in FIG.
7A. The display panel DD in this embodiment is similar to
the display panel in the embodiment in FIG. 4. The display
panel DD includes a plurality of subpixels 100 as discussed
above, and a difference lies in that the display panel DD in
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this embodiment further includes a sensing electrode SE,
and the sensing electrode SE is disposed on the second
substrate 170. Specifically, the display panel DD includes a
subpixel 100 that has the sensing electrode SE and a
subpixel 300 that does not have a sensing electrode. For ease
of description, only a partial structure of the display panel
DD is shown herein, and only an example in which the
sensing electrode SE is disposed around the subpixel 100 is
used; however, in actual application, the scope of the present
disclosure should not be limited thereto.

In this embodiment, the display panel DD has a first
sensing electrode region GR1 and a second sensing elec-
trode region GR2, and a third sensing electrode region GR3
that are separated from each other, where the third sensing
electrode region GR3 may be selectively disposed. The
sensing electrode SE is disposed in the subpixel 100 on the
first sensing electrode region GR1, the second sensing
electrode region GR2, and the third sensing electrode region
GR3 that may be selectively disposed. The sensing electrode
SE of the first sensing electrode region GR1, the sensing
electrode SE of the second sensing electrode region GR2,
and the sensing electrode SE of the third sensing electrode
region GR3 are separated. The sensing electrodes SE in the
subpixels 100 of the first sensing electrode region GR1 are
electrically connected to each other, the sensing electrodes
SE in the subpixels 100 of the second sensing electrode
region GR2 are electrically connected to each other, and the
sensing electrodes SE in the subpixels 100 of the third
sensing electrode region GR3 are electrically connected to
each other. The sensing electrodes SE in the subpixels 100
of the third sensing electrode region GR3 may be connected
to a ground terminal (not shown) or floated. When a user
touches the display panel DD, the sensing electrodes SE on
the subpixels 100 of the first sensing electrode region GR1
and the second sensing electrode region GR2 have a capaci-
tance change, so as to sense at least one of a position, a force,
a fingerprint pattern of a finger or perform functions of the
foregoing elements.

Specifically, referring to both FIG. 7B and FIG. 7C, FIG.
7C is a schematic top view of a partial 7C of the display
panel DD in FIG. 7B. FIG. 7D is a schematic cross-sectional
view along a line 7D-7D in FIG. 7C. Herein, FIG. 7C shows
configurations of various elements on the second substrate
170, and in FIG. 7C, a direction from the first substrate 110
to the second substrate 170 is used as an observation
direction. Herein, the sensing electrode SE of the subpixel
100 of the first sensing electrode region GR1 and the upper
capacitor electrode 210 (refer to the foregoing embodiment)
may be formed by using a same patterned layer. The sensing
electrodes SE are located at a periphery of the upper
capacitor electrode 210. For example, the sensing electrodes
SE surround the upper capacitor electrode 210, and the
sensing electrodes SE of adjacent subpixels 100 may be
directly connected to each other.

Although not shown herein, the structures of the subpixel
100 of the second sensing electrode region GR2 and the
subpixel 100 of the third sensing electrode region GR3 may
be substantially the same as the structure of the subpixel 100
of the first sensing electrode region GR1. The sensing
electrodes SE in the subpixels 100 of the second sensing
electrode region GR2 and the sensing electrodes SE in the
subpixels 100 of the third sensing electrode region GR3 that
may be selectively disposed may be formed by using a same
patterned layer as the upper capacitor electrode 210 (refer to
the foregoing embodiment).

In one of the embodiments of the present disclosure, the
display panel further includes at least one first connection
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electrodes C1 and the second capacitor electrodes 200. The
first connection electrode C1 is disposed on the second
substrate 170, and the first connection electrode C1 and the
sensing electrode SE are separated and are partially over-
lapped in a vertical projection direction. In one of the
embodiments, the first connection electrode C1 may traverse
the sensing electrode SE and is electrically connected to
upper capacitor electrodes 210 of two adjacent subpixels
100 through an opening 192 in the capacitor dielectric layer
190. A configuration of the second capacitor electrode 200
is the same as that discussed above, where the second
capacitor electrode 200 and the upper capacitor electrode
210 are at least partially overlapped in the vertical projection
direction. Herein, the first connection electrode C1 and the
second capacitor electrode 200 may be formed by using a
same patterned layer. Alternatively, in another embodiment,
the sensing electrode SE is located at a periphery of the
upper capacitor electrode 210. The sensing electrode SE has
at least one opening, and the upper capacitor electrodes 210
of adjacent subpixels 100 may be directly connected to each
other by passing through an opening of the sensing electrode
SE. The first connection electrode C1 and the second capaci-
tor electrode 200 may be formed by using a same patterned
layer, the first connection electrode C1 traverses (or namely
crossovers) the upper capacitor electrode 210 in the opening
of the sensing electrode SE and is connected to the sensing
electrode SE of the subpixel 100, and the first connection
electrode C1 and the upper capacitor electrode 210 are
separated and partially overlapped. Herein, the sensing
electrode SE and the first connection electrode C1 are
respectively partially overlapped with a non-light emitting
area NA.

Herein, return to FIG. 7B again. The subpixel 300 may be
any subpixel structure in the foregoing embodiments. How-
ever, the structure of the capacitor element of the present
disclosure is still needed, and for the rest structure, reference
may be made to another drawing of the present disclosure.

It should be understood that the scope of the present
disclosure should not be limited to the arrangement of the
subpixels 100 of the first sensing electrode region GR1 and
the second sensing electrode region GR2 in FIG. 7A and
FIG. 7B, that is, opening directions of the first sensing
electrode region GR1 and the second sensing electrode
region GR2 are a same direction. Referring to FIG. 7E and
FIG. 7F, FIG. 7E and FIG. 7F are a schematic top view of
the display panel DD according to some embodiments of the
present disclosure. In another embodiment, the subpixels
100 of the first sensing electrode region GR1 and the second
sensing electrode region GR2 may have different arrange-
ment patterns, that is, the opening directions of the first
sensing electrode region GR1 and the second sensing elec-
trode region GR2 are different directions or are alternated
with each other, and the foregoing sensing effect can also be
achieved.

Although herein the sensing electrode SE is located at the
periphery of the upper capacitor electrode 210, and the first
connection electrode C1 needs to be disposed to connect
upper capacitor electrodes 210 of adjacent subpixels 100,
the present disclosure is not limited thereto. In another
embodiment, the subpixel 100 may have another structure.
For example, the upper capacitor electrode 210 may be
located at a periphery of the sensing electrode SE. FIG. 8A
to FIG. 8D below are used to describe other embodiments in
which the upper capacitor electrode 210 is located at the
periphery of the sensing electrode SE.

Referring to FIG. 8A to FIG. 8D, FIG. 8A is a schematic
partial top view of a display panel DD according to a fifth
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embodiment of the present disclosure. FIG. 8B is a sche-
matic cross-sectional view along a line 8B-8B in FIG. 8A.
FIG. 8C is a schematic partial top view of the display panel
DD according to a sixth embodiment of the present disclo-
sure. FIG. 8D is a schematic cross-sectional view along a
line 8D-8D in FIG. 8C. The embodiments in FIG. 8Ato FIG.
8D are similar to the embodiments in FIG. 7A to FIG. 7D,
and a difference lies in that a first connection electrode C1
is connected to sensing electrodes SE of two adjacent
subpixels 100. In this embodiment, the sensing electrode SE
may be partially overlapped with a light emitting area DA,
and at least a part of an upper capacitor electrode 210 may
be partially overlapped with the light emitting area DA, that
is, at least a part of the upper capacitor electrode 210 may
be located at the periphery of the sensing electrode SE. For
example, at least a part of the upper capacitor electrode 210
may surround the sensing electrode SE. For ease of descrip-
tion, FIG. 8A and FIG. 8C only show structures of elements
of an upper portion of a second substrate 170, where a
direction from a first substrate 110 to the second substrate
170 is used as an observation direction in FIG. 8A and FIG.
8C.

Referring to FIG. 8A and FIG. 8B, the first connection
electrode C1 and a second capacitor electrode 200 are
formed by using a same patterned layer. The upper capacitor
electrode 210 forms a receiving area (or namely accommo-
dated region), which may make it easy for the sensing
electrode SE to be located in the receiving area. The first
connection electrode C1 and the second capacitor electrode
200 are formed by using a same patterned layer. The first
connection electrode C1 traverses the upper capacitor elec-
trode 210 and is electrically connected to sensing electrodes
SE of two adjacent subpixels 100.

Alternatively, in another embodiment, referring to FIG.
8C and FIG. 8D, herein, the first connection electrode C1,
the sensing electrode SE, and the upper capacitor electrode
210 are formed by using a same patterned layer. The display
panel DD further includes at least one second connection
electrode C2, and the second connection electrode C2 and
the second capacitor electrode 200 are formed by using a
same patterned layer. The second connection electrode C2 is
disposed on the second substrate 170. For example, the
second connection electrode C2 is disposed on a capacitor
dielectric layer 190 of the second substrate 170, where the
second connection electrode C2 is connected to upper
capacitor electrodes 210 of two adjacent subpixels 100, and
the second connection electrode C2 and the first connection
electrode C1 are separated and partially overlapped. Herein,
the second connection electrode C2 and the upper capacitor
electrode 210 are partially overlapped. The second connec-
tion electrode C2 and the second capacitor electrode 200 are
formed by using a same patterned layer.

Specifically, in FIG. 8C and FIG. 8D, the upper capacitor
electrode 210 has an opening OC, and the first connection
electrode C1 extends through the opening OC to electrically
connect the sensing electrode SE of the subpixel 100 and the
sensing electrode SE of another subpixel 100. The second
connection electrode C2 is disposed on the second substrate
170, the second connection electrode C2 traverses the open-
ing OC to be connected to the upper capacitor electrodes 210
on two sides of the first connection electrode C1, and the
second connection electrode C2 and the first connection
electrode C1 are separated and partially overlapped. It
should be understood that, in multiple embodiments of the
present disclosure, when the upper capacitor electrode 210
and the second capacitor electrode 200 are disposed, various
sensing electrodes and connection electrodes are disposed at
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the same time, and the scope of the present disclosure should
not be limited by those shown in the figures.

Other details in this embodiment are substantially the
same as those in the foregoing embodiments, and are no
longer elaborated herein.

FIG. 7A to FIG. 7D and FIG. 8A to FIG. 8D above
respectively describe various embodiments of a non-inter-
laced manner in which the sensing electrode SE and the
upper capacitor electrode 210 are formed by using a same
patterned layer. Various embodiments of an interlaced man-
ner in which the sensing electrode SE and the upper capaci-
tor electrode 210 are formed by using a same patterned layer
are described below.

Referring to FIG. 9A and FIG. 9B, FIG. 9A is a schematic
top view of a display panel DD according to a seventh
embodiment of the present disclosure. FIG. 9B is a partial
enlarged view of the display panel in FIG. 9A. The display
panel DD in this embodiment is similar to the display panel
DD in the embodiment in FIG. 8A, and a difference lies in
that an interlaced (or namely crossover, or namely intersect)
configuration is used in this embodiment. Specifically, in
this embodiment, the display panel DD has at least two first
sensing electrode regions GR1, at least two second sensing
electrode regions GR2 that are separated from the first
sensing electrode regions GR1, a first bridge electrode
region BR1, and a second bridge electrode region BR2,
which are arranged to form an array of mutual-capacitance
form sensing. The display panel DD further includes the
subpixel 300 that does not have the sensing electrode.

Specifically, referring to FIG. 9C, FIG. 9D, and FIG. 9E,
FIG. 9C is an enlarged view of a part 9B of the display panel
DD in FIG. 9B. FIG. 9D is a schematic cross-sectional view
along a line 9D-9D in FIG. 9C. FIG. 9E is a schematic
cross-sectional view along a line 9E-9E in FIG. 9C. In FIG.
9C, FIG. 9D, and FIG. 9E, a related design on a first
substrate is omitted, and for the related design on the first
substrate, reference may be made to the foregoing embodi-
ments. In this embodiment, the display panel DD includes a
first connection electrode C1 and a second connection
electrode C2, which are formed by using a same patterned
layer as the second capacitor electrode 200.

The first connection electrode C1 is disposed on the
second substrate 170, and is located at each subpixel 100, so
as to bridge upper capacitor electrodes 210 of adjacent
subpixels 100.

The second connection electrode C2 is disposed on the
second substrate 170, and is located at each subpixel 100 of
the first bridge electrode region BR1 and the second bridge
electrode region BR2, so as to bridge the sensing electrodes
SE of'the first sensing electrode regions GR1 located on two
sides of the first bridge electrode region BR1 and the second
bridge electrode region BR2, that is, to connect the sensing
electrodes SE that transversely transfer a signal. In one of
the embodiments of the present disclosure, the second
connection electrode C2 includes at least one first sub-
electrode segment C21 and at least one second sub-electrode
segment C22. The first sub-electrode segment C21 is located
between any two adjacent subpixels 100 of the first bridge
electrode region BR1 and the second bridge electrode region
BR2, and the first sub-electrode segment C21 is partially
overlapped with the sensing electrode SE located in the
second bridge electrode region BR2. The second sub-elec-
trode segment C22 is located at each subpixel 100 of the first
bridge electrode region BR1 and the second bridge electrode
region BR2, so as to be connected to the first sub-electrode
segment C21, and is partially overlapped with the upper
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capacitor electrode 210 of each subpixel 100 of the first
bridge electrode region BR1 and the second bridge electrode
region BR2.

The sensing electrode SE located at each subpixel 100 of
the second bridge electrode region BR2 is adapted to con-
nect the sensing electrodes SE of the second sensing elec-
trode regions GR2 located at an upper end and a lower end
of the second bridge electrode region BR2. The sensing
electrodes SE of the second bridge electrode region BR2 and
the second connection electrode C2 are separated and inter-
laced. For example, the sensing electrode SE of the second
bridge electrode region BR2 and the second sub-electrode
segment C22 of the second connection electrode C2 are
interlaced. Preferably, the sensing electrode SE of the sec-
ond bridge electrode region BR2 may extend from the
sensing electrodes SE of the second sensing electrode
regions GR2, pass through each subpixel 100 of the second
bridge electrode region BR2, and be connected to sensing
electrodes SE of another second sensing electrode region
GR2. That is, the sensing electrode SE of the second bridge
electrode region BR2 is used as a sensing electrode SE that
transfers a signal vertically, so that a process is simplified
and a yield is improved; however, the present disclosure is
not limited thereto.

In this embodiment, the first connection electrode C1, the
second connection electrode C2, and the second capacitor
electrode 200 are formed by using a same patterned layer,
and the sensing electrode SE and the upper capacitor elec-
trode 210 are formed by using a same patterned layer;
however, the present disclosure is not limited thereto.

Herein, the first bridge electrode region BR1 and the
second bridge electrode region BR2 are separated and
interlaced, which means: the subpixel 100 located in the first
bridge electrode region BR1 does not have the sensing
electrode SE, and two first bridge electrode regions BR1 are
provided respectively on the left and right of the second
bridge electrode region BR2. In this way, the sensing elec-
trode SE is transversely disconnected in the first bridge
electrode region BR1 and the second bridge electrode region
BR2, and is separated from and interlaced with the sensing
electrode SE of the second bridge electrode region BR2 by
using the second connection electrode C2, to bridge the
transverse first sensing electrode regions GR1. In addition,
the configurations of the first connection electrode C1 and
the second connection electrode C2 are not limited to those
shown in the figures, and other film layers may be suitably
configured to facilitate setting of these connection segments.

It should be noted that, the first connection electrode C1
exists in the subpixels of the first sensing electrode regions
GR1 and the second sensing electrode regions GR2.
Although in the foregoing embodiments, the sensing elec-
trode SE is located at a periphery of the upper capacitor
electrode 210, for example, the sensing electrode SE shown
in FIG. 7C surrounds the upper capacitor electrode 210, the
present disclosure is not limited thereto. In another embodi-
ment, the subpixel 100 may have another structure. For
example, the upper capacitor electrode 210 may be located
at the periphery of the sensing electrode SE, and may be
refer to the following embodiments.

Referring to FIG. 10A, FIG. 10A is a schematic partial top
view of a second substrate 170 of a display panel DD
according to an eighth embodiment of the present disclo-
sure. Herein, an upper capacitor electrode 210 may be
located at a periphery of a sensing electrode SE by using a
non-closed form. The display panel DD includes a first
connection electrode C1, a second connection electrode C2,
a third connection electrode C3, and a fourth connection
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electrode C4. Preferably, the second connection electrode
C2, the fourth connection electrode C4, and a second
capacitor electrode 200 are formed by a same patterned
layer, and the first connection electrode C1, the third con-
nection electrode C3, the sensing electrode SE, and the
upper capacitor electrode 210 are formed by a same pat-
terned layer; however, the present disclosure is not limited
thereto. In some embodiments, a fourth connection electrode
C4 of a subpixel of a second bridge electrode region BR2
and a third connection electrode C3 of the second bridge
electrode region BR2 are formed by different patterned
layers, and the fourth connection electrode C4 and the
second connection electrode C2 of the subpixel of the
second bridge electrode region BR2 are formed by a same
patterned layer. The third connection electrode C3 of the
subpixel of the second bridge electrode region BR2 and a
first connection electrode C1 of another subpixel are formed
by a same patterned layer.

Referring to FIG. 10A to FIG. 10D at the same time, FIG.
10B is a schematic cross-sectional view along a line 10B-
10B in FIG. 10A. FIG. 10C is a schematic cross-sectional
view along a line 10C-10C in FIG. 10A. FIG. 10D is a
schematic cross-sectional view along a line 10D-10D in
FIG. 10A. In FIG. 10A to FIG. 10D, a related design on a
first substrate is omitted, and for the related design on the
first substrate, reference may be made to the foregoing
embodiment. The fourth connection electrode C4 is dis-
posed on the second substrate 170, is located at each
subpixel 100 of the second bridge electrode region BR2, so
as to be connected to the sensing electrode SE located in the
second bridge electrode region BR2, and is electrically
connected to the sensing electrodes SE located at the first
sensing electrode regions GR1. For example, the fourth
connection electrode C4 located at the second bridge elec-
trode region BR2 includes one in a first direction DR1 and
one in a second direction DR2 different from the first
direction DR1. The fourth connection electrode C4 in the
first direction DR1 is connected to two adjacent subpixels
100, so as to be electrically connected to the sensing
electrode SE of the first sensing electrode region GR1. The
fourth connection electrode C4 in the second direction DR2
is only connected to the sensing electrode SE located in the
second bridge electrode region BR2.

The second connection electrode C2 is disposed on the
second substrate 170, and is located at each subpixel 100 of
the first bridge electrode region BRI, the second bridge
electrode region BR2, the first sensing electrode region
GR1, and the second sensing electrode region GR2, so as to
connect upper capacitor electrodes 210 of two adjacent
subpixels 100. The second connection electrode C2 at least
located in the second bridge electrode region BR2 may
traverse (or namely crossover) an opening OC and the third
connection electrode C3 to connect the upper capacitor
electrodes 210 on two sides of the third connection electrode
C3.

The third connection electrode C3 is disposed on the
second substrate 170, and is located at each subpixel 100 of
the second bridge electrode region BR2, so as to connect the
sensing electrodes SE located in the second sensing elec-
trode regions GR2, that is, form a sensing electrode SE that
transfers a signal vertically. Specifically, the upper capacitor
electrode 210 has the opening OC, the third connection
electrode C3 passes through (extends through) the opening
OC to connect the sensing electrode SE of the subpixel 100
and a sensing electrodes SE of another subpixels in the
second sensing electrode regions GR2. The third connection
electrode C3 located at each subpixel 100 of the second
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bridge electrode region BR2 is separated from the sensing
electrode SE. Preferably, the third connection electrode C3
may be a part of the sensing electrode SE of the second
bridge electrode region BR2, where the third connection
electrode C3 is not connected to the sensing electrode SE
located in the second bridge electrode region BR2, that is,
the third connection electrode C3 is separated from the
sensing electrode SE located in the second bridge electrode
region BR2. In other words, the third connection electrode
C3 located in the second bridge electrode region BR2 may
extend from the sensing electrode SE of the second sensing
electrode region GR2, pass through each subpixel 100 of the
second bridge electrode region BR2, and be connected to a
sensing electrode SE of another second sensing electrode
region GR2, so as to form the sensing electrode SE that
transfers a signal vertically, so that a process is simplified
and a yield is improved; however, the present disclosure is
not limited thereto. For the sensing electrode SE of the
second substrate 170 in this embodiment and a related
description of the sensing electrode SE, reference may be
made to the description in FIG. 8C. It should be noted that,
some elements on the second substrate 170 are used for
description. The third connection electrode C3 and the
fourth connection electrode C4 only exists at an interlaced
position (area) in the subpixel of the second bridge electrode
region BR2. Moreover, the first connection electrode C1 and
the second connection electrode C2 exist in the subpixels of
the first sensing electrode region GR1 and the second
sensing electrode region GR2.

Alternatively, referring to FIG. 10E, FIG. 10E is a sche-
matic partial top view of a second substrate 170 of the
display panel DD according to some embodiments of the
present disclosure. This embodiment is similar to the
embodiment in FIG. 10A, and a difference lies in that an
upper capacitor electrode 210 in this embodiment is located
at a periphery of a sensing electrode SE to form a receiving
area (or namely accommodated region), which may make it
easy for the sensing electrode SE to be located in the
receiving area. For example, reference may be made to the
description in FIG. 8A. The display panel DD includes first
connection electrodes C1, second connection electrodes C2,
and third second connection electrodes C3.

Referring to FIG. 10E to FIG. 10H, FIG. 10F is a
schematic cross-sectional view along a line 10F-10F in FIG.
10E. FIG. 10G is a schematic cross-sectional view along a
line 10G-10G in FIG. 10E. FIG. 10H is a schematic cross-
sectional view along a line 10H-10H in FIG. 10E. In FIG.
10E to FIG. 10H, a related design on a first substrate is
omitted, and for the related design on the first substrate,
reference may be made to the foregoing embodiment.
Herein, the first connection electrode C1, the second con-
nection electrode C2, and a second capacitor electrode 200
are formed by a same patterned layer; however, the present
disclosure is not limited thereto. The first connection elec-
trode C1 traverses the upper capacitor electrode 210 to
electrically connect a sensing electrode SE of a subpixel 100
and a sensing electrode SE of another subpixel 100, so as to
enable sensing electrodes SE in a first sensing electrode
region GR1 and in a second sensing electrode region GR2 to
be electrically connected to each other, respectively. A third
connection electrode C3 is located at each subpixel 100 of
a second bridge electrode region BR2, to enable the sensing
electrodes SE in the second sensing electrode region GR2 to
be electrically connected, so as to form a sensing electrode
SE that transfers a signal vertically. For example, the first
connection electrodes C1 located between the subpixels 100
include connection electrodes that extend in a first direction
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DR1 and in a second direction DR2 different from the first
direction DR1. The first connection electrode C1 of the first
direction DR1 connects two transversely adjacent subpixels
100, so as to be electrically connected to the sensing
electrode SE of each subpixel 100. The first connection
electrode C1 in the second direction DR2 is adapted to
connect sensing electrodes SE of two vertically adjacent
subpixels 100.

The second connection electrode C2 is disposed on the
second substrate 170, and extends and traverses the upper
capacitor electrode 210 of each subpixel 100 located in the
second bridge electrode region BR2, so as to be electrically
connected to the third connection electrode C3 in the second
bridge electrode region BR2, and further connect the sensing
electrodes SE located in the second sensing electrode
regions GR2. The second connection electrode C2 and the
first connection electrode C1 are separated, and the third
connection electrode C3 and the sensing electrodes SE
located in the second bridge electrode region BR2 are
separated. Preferably, the third connection electrode C3 and
the sensing electrode SE of the second bridge electrode
region BR2 may be formed by a same patterned layer. The
third connection electrode C3 is not connected to the sensing
electrodes SE located in the second bridge electrode region
BR2, that is, the third connection electrode C3 and the
sensing electrodes SE located in the second bridge electrode
region BR2 are separated. The second connection electrode
C2 and the first connection electrode C1 may be formed by
a same patterned layer. In this way, the second connection
electrode C2 located in the second bridge electrode region
BR2 may extend from the third connection electrode C3,
pass through each subpixel 100 of the second bridge elec-
trode region BR2, and be connected to a sensing electrode
SE of another second sensing electrode region GR2, so that
a process is simplified and a yield is improved; however, the
present disclosure is not limited thereto. It should be noted
that, some elements on the second substrate 170 are used for
description. Except that the designs of the connection elec-
trodes and the sensing electrodes of the second bridge
electrode region BR2 are different, subpixels of a first bridge
electrode region BR1 have the first connection electrode C1,
which has similar design to those in the subpixels of the first
sensing electrode region GR1 and the second sensing elec-
trode region GR2.

Various position designs of sensing electrodes are
described above. It should be understood that, the film layers
of the sensing electrode and the connection electrode are not
limited to being on a same layer as the upper capacitor
electrode 210 and the second capacitor electrode 200. In
addition to the foregoing manner of configuring the sensing
electrode, in at least one of the embodiments of the present
disclosure, it may be further configured that the sensing
electrode and another film layer are formed at the same time.

FIG. 11A is a schematic cross-sectional view of a subpixel
100 of a display panel according to a ninth embodiment of
the present disclosure. FIG. 11B is a schematic top view of
some elements of a first substrate 110 of the subpixel 100 of
the display panel in FIG. 11A. FIG. 11C is a schematic
cross-sectional view along a line 11C-11C in FIG. 11B. In
FIG. 11C, a related design on a second substrate is omitted,
and for the related design on the second substrate, reference
may be made to the foregoing embodiment. The subpixel
100 in this embodiment is similar to the subpixel 100 in the
embodiment in FIG. 4, and a difference lies in that a
patterned electrode layer 120 of this embodiment further
includes a sensing electrode SE. The sensing electrode SE is
partially overlapped with a non-light emitting area NA,
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where a pixel electrode 124 and a first capacitor electrode
122 of each subpixel 100 are both separated from the sensing
electrode SE.

In this embodiment, the configuration manner, for
example, a non-interlaced embodiment, in FIG. 7A, FIG. 7E
or FIG. 7F is used. The sensing clectrodes SE may be
disposed on a first sensing electrode regions GR1 and a
second sensing electrode regions GR2 of the first substrate
110, and the sensing electrode SE of the first sensing
electrode region GR1 and the sensing electrode SE of the
second sensing electrode region GR2 are separated. In
another embodiment, the display panel may selectively
include at least one third sensing electrode region GR3, the
sensing electrode SE may be disposed in the third sensing
electrode region GR3 of the first substrate 110, and the
sensing electrode SE of the first sensing electrode region
GR1, the sensing electrode SE of the second sensing elec-
trode region GR2. and the sensing electrode SE of the third
sensing electrode region GR3 are separated. Reference may
be made to the foregoing embodiments for the rest, which is
no longer elaborated herein.

Same as that discussed above, the display panel may
selectively include a bank 150, disposed on a passivation
layer 160 and having a first opening 152 and a second
opening 154. The first opening 152 does not cover (or
namely not shield) at least a part of the first capacitor
electrode 122, that is, the first opening 152 uncovers (or
referred to as “shows” or “exposes”) at least a part of the first
capacitor electrode 122. The second opening 154 does not
cover at least a part of the pixel electrode 124, that is, the
second opening 154 uncovers (or referred to as “shows” or
“exposes”) at least a part of the pixel electrode 124. In other
words, the first opening 152 is vertically projected on the
first capacitor electrode 122, and the first opening 152 and
the first capacitor electrode 122 are at least partially over-
lapped. It may be seen that the first opening 152 is located
on at least a part of the first capacitor electrode 122. The
second opening 154 is vertically projected on the pixel
electrode 124, and the second opening 154 and the pixel
electrode 124 are at least partially overlapped. It may be
seen that the second opening 154 is located on at least a part
of the pixel electrode 124. An electroluminescent layer 130
and a counter electrode 140 are located in the second
opening 154, a conductive bump 180 is located in the first
opening 152, and a top portion of the conductive bump 180
is in contact with a capacitor dielectric layer 190 or a second
capacitor electrode 200 of the second substrate 170, so as to
form a structure of a storage capacitor (a capacitor element
CA) in this embodiment. Herein, the bank 150 covers the
sensing electrode SE, and the conductive bump 180 is also
separated from the sensing electrode SE.

Therefore, the sensing electrodes SE are located at periph-
eries of the first capacitor electrode 122 and the pixel
electrode 124. For example, the sensing electrodes SE
surround the first capacitor electrode 122 and the pixel
electrode 124. The first capacitor electrode 122 may be
electrically connected to an end D1 of a switch element SW
and a second gate G2 of a driving element DI through a first
contact hole H1 of the passivation layer 160 via a connection
wire CL. The pixel electrode 124 may be electrically con-
nected to an end D2 of the driving element DI through a
second contact hole H2 of the passivation layer 160. There-
fore, an extra connection line no longer needs to be designed
to respectively supply a voltage to the first capacitor elec-
trode 122 and the pixel electrode 124. Other details in this
embodiment are substantially the same as those discussed
above, and are no longer elaborated herein.
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FIG. 12A is a schematic cross-sectional view of a subpixel
100 of a display panel according to a tenth embodiment of
the present disclosure. FIG. 12B is a schematic top view of
some elements of a first substrate 110 of the subpixel 100 of
the display panel in FIG. 12A. FIG. 12C is a schematic
cross-sectional view along a line 12C-12C in FIG. 12B. In
FIG. 12C, a related design on a second substrate is omitted,
and for the related design on the second substrate, reference
may be made to the foregoing embodiment. The subpixel
100 in this embodiment is similar to the subpixel 100 in the
embodiment in FIG. 4, and a difference lies in that the
display panel in this embodiment further includes sensing
electrodes SE, respectively disposed in a first sensing elec-
trode region GR1 and a second sensing electrode regions
GR2 (referring to FIG. 7A, FIG. 7E or FIG. 7F), and the
sensing electrodes SE are partially overlapped with a non-
light emitting area NA. A pixel electrode 124, a counter
electrode 140, and a first capacitor electrode 122 of each
subpixel 100 are all separated from the sensing electrodes
SE. A conductive bump 180 is also separated from the
sensing electrodes SE. The sensing electrodes SE of the first
sensing electrode region GR1 and the sensing electrodes SE
of the second sensing electrode region GR2 (referring to
FIG. 7A, FIG. 7E or FIG. 7F) are separated. In another
embodiment, the display panel may selectively include at
least one third sensing electrode region GR3, the sensing
electrode SE may be disposed in the third sensing electrode
region GR3 of the first substrate 110, and the sensing
electrodes SE of the first sensing electrode region GR1, the
sensing electrodes SE of the second sensing electrode region
GR2, and the sensing electrodes SE of the third sensing
electrode region GR3 are separated. Reference may be made
to the foregoing embodiments for the rest, which is no
longer elaborated herein.

Herein, the sensing electrode SE and the counter electrode
140 are formed by a same patterned layer. In multiple
embodiments of the present disclosure, the sensing elec-
trodes SE surround the counter electrode 140 to form a
closed space. In one of the embodiments of the present
disclosure, the display panel further includes at least one first
connection electrode CO1, disposed between two adjacent
subpixels of the first sensing electrode regions GR1 and the
second sensing electrode regions GR2 (referring to FIG. 7A,
FIG. 7E or FIG. 7F), respectively, so as to connect the
counter electrodes 140 of the subpixels 100. The pixel
electrode 124, the sensing electrode SE, and the first capaci-
tor electrode 122 of each subpixel 100 are all separated from
the first connection electrode CO1. The first connection
electrode CO1 is disposed to be across the sensing electrode
SE, so that counter electrodes 140 of adjacent subpixels are
electrically connected. Preferably, the first connection elec-
trode CO1 and the pixel electrode 124 are formed by a same
patterned layer; however, the present disclosure is not lim-
ited thereto.

As discussed above, the display panel includes a bank
150, disposed on a passivation layer 160 of the first substrate
110 and having a first opening 152 and a second opening
154. The first opening 152 does not cover (or namely not
shield) at least a part of the first capacitor electrode 122, that
is, the first opening 152 uncovers (or referred to as “shows”
or “exposes”) at least a part of the first capacitor electrode
122. The second opening 154 does not cover at least a part
of the pixel electrode 124, that is, the second opening 154
uncovers (or referred to as “shows” or “exposes”) at least a
part of the pixel electrode 124. In other words, the first
opening 152 is vertically projected on the first capacitor
electrode 122, and the first opening 152 and the first capaci-
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tor electrode 122 are at least partially overlapped. It may be
seen that the first opening 152 is located on at least a part of
the first capacitor electrode 122. The second opening 154 is
vertically projected on the pixel electrode 124, and the
second opening 154 and the pixel electrode 124 are at least
partially overlapped. It may be seen that the second opening
154 is located on at least a part of the pixel electrode 124.
An electroluminescent layer 130 and the counter electrode
140 are located in the second opening 154, the conductive
bump 180 is located in the first opening 152, and a top
portion of the conductive bump 180 is in contact with a
capacitor dielectric layer 190 or a second capacitor electrode
200 of the second substrate 170, so as to form a structure of
a storage capacitor (a capacitor element CA) in this embodi-
ment. The sensing electrodes SE are disposed on the bank
150, and the bank 150 covers the first connection electrode
COL1. Other details in this embodiment are substantially the
same as those discussed above, and are no longer elaborated
herein.

It should be understood that, although details are not
shown herein, a vertical projection of the foregoing sensing
electrode SE on the first substrate 110 may be partially
overlapped with a vertical projection of a scan line SL, a
power line PL or a data line DL on the first substrate 110, so
as to reduce the influence on a light-transmission area (for
example, a light emitting area DA). In another embodiment,
the foregoing sensing electrode SE may also be not over-
lapped with the scan line SL, the power line PL or the data
line DL.

FIG. 13A is a schematic perspective view of a display
panel DD according to an eleventh embodiment of the
present disclosure. This embodiment is similar to the fore-
going embodiment, and a difference lies in that the display
panel DD in this embodiment has at least one first sensing
electrode region GR1 on the first substrate 110, and at least
one second sensing electrode region GR2 on the second
substrate 170 that is interlaced with and separated from the
first sensing electrode region GR1. Herein, the first sensing
electrode region GR1 extends in a first direction DR1, and
a second sensing electrode region GR2 extends in a second
direction DR2. The second direction DR2 is not parallel to
the first direction DR1, that is, the first direction DR1 and the
second direction DR2 are interlaced (or namely crossover).
In multiple embodiments of the present disclosures, for
example, the first direction DR1 and the second direction
DR2 are set to be perpendicular to each other; however, the
present disclosure is not limited thereto. At least one inter-
laced area IT is provided at an interlaced position (or namely
crossover position) between the first sensing electrode
region GR1 and the second sensing electrode region GR2.
The display panel DD further includes at least one first
sensing electrode SE1 and at least one second sensing
electrode SE2, respectively disposed in subpixels 100 of the
first sensing electrode region GR1 and the second sensing
electrode region GR2. The first sensing electrode SE1 and
the second sensing electrode SE2 are interlaced in the
interlaced area IT, that is, the interlaced area IT includes the
first sensing electrode SE1 and the second sensing electrode
SE2 and related fitting elements.

FIG. 13B is a schematic cross-sectional view of the
subpixel 100 of the display panel in FIG. 13A in the
interlaced area IT. Referring to both FIG. 13A and FIG. 13B,
specifically, the first sensing electrodes SE1 belong to a
patterned electrode layer 120 and are disposed in subpixels
100 of the first sensing electrode region GR1 of the first
substrate 110. The first sensing electrode SE1 and a non-
light emitting area NA of the subpixel are partially over-
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lapped. A pixel electrode 124 and a first capacitor electrode
122 of each subpixel 100 are both separated from the first
sensing electrode SE1. Preferably, the pixel electrode 124,
the first capacitor electrode 122, and the first sensing elec-
trode SE1 are formed by a same patterned layer; however,
the present disclosure is not limited thereto. A bank 150
covers the first sensing electrode SE1. The second sensing
electrodes SE2 are respectively disposed in subpixels 100 of
the second sensing electrode region GR2 of the first sub-
strate 110. The second sensing electrode SE2 and the non-
light emitting area NA of the subpixel are partially over-
lapped. The second sensing electrode SE2 is disposed on the
bank 150 (for example, a top surface, or namely top portion),
and a counter electrode 140 of each subpixel 100 and the
second sensing electrode SE2 are separated. Preferably, the
second sensing electrode SE2 and the counter electrode 140
are formed by a same patterned layer. The first sensing
electrode SE1 and the second sensing electrode SE2 are
separated; however, the present disclosure is not limited
thereto.

FIG. 13C is a schematic top view of some elements of the
subpixel 100 of the first substrate of the display panel in FIG.
13B. FIG. 13D is a schematic cross-sectional view along a
line 13D-13D in FIG. 13C, and elements on a second
substrate 170 are omitted. Referring to FIG. 13B to FIG.
13D at the same time, in this embodiment, the first sensing
electrodes SE1 are disposed below the second sensing
electrodes SE2 and are located at peripheries of the first
capacitor electrode 122 and the pixel electrode 124. For
example, the first sensing electrodes SE1 surround the first
capacitor electrode 122 and the pixel electrode 124.

In one of the embodiments of the present disclosure, the
display panel further includes at least one first connection
electrode C1 and at least one second connection electrode
140C. The first connection electrode C1 is disposed at each
subpixel 100 of the first substrate 110, so as to connect the
second sensing electrodes SE2 of each subpixel 100. The
second sensing electrodes SE2 of each subpixel 100 are
separated from the counter electrodes 140 where the second
sensing electrodes SE2 are located. The second connection
electrode 140C is disposed at each subpixel 100 of the first
substrate 110, and the second connection electrode 140C is
located on the bank 150 (for example, a top surface) and
connects counter electrodes 140 of two adjacent subpixels
100 in an interlaced area IT (referring to FIG. 13A and FIG.
13D). Specifically, the second sensing electrode SE2
includes an opening O2. The second connection electrode
140C passes through (extends through) the opening O2 and
is electrically connected to a counter electrode (not shown)
of another subpixel. The first connection electrode C1 may
be across (or namely crossover) the opening O2 to electri-
cally connect second sensing electrodes SE2 on two sides of
the second connection electrode 140C.

Referring to FIG. 13A to FIG. 13D at the same time, it
should be noted that, in addition to the interlaced area IT, the
first sensing electrode region GR1 (extending in the first
direction DR1) includes at least one first sensing electrode
SE1 and other related elements (some elements on the first
substrate 110 as an example: the thin film transistor, the pixel
electrode 124, the first capacitor electrode 122, a conductive
bump 180, the counter electrode 140, the second connection
electrode 140C, and the like), but does not include the first
connection electrode C1 and the second sensing electrode
SE2. In addition to the interlaced area IT, the second sensing
electrode region GR2 (extending in the second direction
DR2) includes at least one second sensing electrode SE2 and
other related elements (some elements on the first substrate
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110 as an example: the thin film transistor, the pixel elec-
trode 124, the first capacitor electrode 122, the counter
electrode 140, the conductive bump 180, the first connection
electrode C1, the second connection electrode 140C, and the
like), but does not include at least one first sensing electrode
SE1. Therefore, the subpixel in the interlaced area 1T not
only includes the foregoing embodiment (for example, one
of FIG. 1 to FIG. 6) forming the present disclosure, but also
includes the first sensing electrode SE1, the second sensing
electrode SE2, the first connection electrode C1, the second
connection electrode 140C, and related elements.

In one of the embodiments of the present disclosure, the
bank 150 further covers the first sensing electrode SE1 and
a part of the first connection electrode C1, and the second
connection electrode 140C is located on the bank 150. The
bank 150 may further include, in addition to the foregoing
first opening 152 and the foregoing second opening 154, a
plurality of openings 156. A conductive material is filled in
the openings 156 to electrically connect the first connection
electrode C1 and the second sensing electrode SE2.

In multiple embodiments of the present disclosure, the
first connection electrode C1, the first capacitor electrode
122, the first sensing electrode SE1, and the pixel electrode
124 are formed by a same patterned layer. The second
sensing electrode SE2, the second connection electrode
140C, and the counter electrode 140 are formed by a same
patterned layer. Preferably, in the interlaced area IT, it may
be configured that a vertical projection of the second sensing
electrode SE2 on the patterned electrode layer 120 (that s,
the first substrate 110) is at least partially overlapped with
the first sensing electrode SE1, so as to achieve a desirable
sensing effect; however, the present disclosure is not limited
thereto. Other details in this embodiment are substantially
the same as those discussed above, and are no longer
elaborated herein.

FIG. 14A is a schematic perspective view of a display
panel DD according to a twelfth embodiment of the present
disclosure. FIG. 14B is a schematic cross-sectional view of
a subpixel 100 of the display panel in FIG. 14A in an
interlaced area IT. FIG. 14C is a schematic top view of some
elements of a second substrate 170 (on the right side of FIG.
14C) and some elements of a first substrate 110 (on the left
side of FIG. 14C) of the subpixel 100 of the display panel
in FIG. 14B. A cross-sectional view of a schematic top view
of some elements of the second substrate 170 of the subpixel
100 in this embodiment is similar to that in FIG. 7D. A
schematic top view and a cross-sectional view of some
elements of the first substrate 110 of the subpixel 100 in this
embodiment are similar to the cross-sectional view in FIG.
11A and the schematic top view of some elements of the first
substrate 110 in FIG. 11B. A major difference lies in that the
display panel of this embodiment includes at least one first
sensing electrode SE1 located on the second substrate 170
and at least one second sensing electrode SE2 located on the
first substrate 110. However, in the embodiment in FIG. 7D,
only a sensing electrode is provided on the second substrate
170, or in the embodiment in FIG. 11A and FIG. 11B, only
a sensing electrode is provided on the first substrate 110.

The first sensing electrodes SE1 are respectively disposed
at each subpixel 100 of a first sensing electrode region GR1
of the second substrate 170. The first sensing electrodes SE1
are connected to each other. The first sensing electrodes SE1
and a non-light emitting area NA of the subpixel are at least
partially overlapped. An upper capacitor electrode 210 and
a second capacitor electrode 200 of each subpixel 100 are
both separated from the first sensing electrode SE1. The
second sensing electrodes SE2 are disposed at each subpixel
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100 of a second sensing electrode region GR2 of a first
substrate 110 and are connected to each other, and the
second sensing electrodes SE2 and the non-light emitting
area NA of the subpixel are at least partially overlapped. A
pixel electrode 124 and a first capacitor electrode 122 of
each subpixel 100 are both separated from the second
sensing electrode SE2.

In this embodiment, the display panel further includes at
least one first connection electrode C1 and at least one
second connection electrode C2. The first connection elec-
trode C1 is disposed each subpixel 100 of the second
substrate 170, so as to connect the first sensing electrodes
SE1 of each subpixel 100. The second capacitor electrode
200 of each subpixel 100 and each first connection electrode
C1 where the second capacitor electrode 200 is located are
formed by a same patterned layer, and are separated from
each other. The second connection electrode C2 is disposed
at each subpixel 100 of the second substrate 170 and
connects upper capacitor electrodes 210 of two adjacent
subpixels 100, and the first connection electrode C1 and the
second connection electrode C2 are interlaced.

Referring to FIG. 14A to FIG. 14C at the same time, it
should be noted that, in addition to the interlaced area IT, the
first sensing electrode region GR1 (extending in a first
direction DR1) includes at least one first sensing electrode
SE1 and other related elements (some elements on the
second substrate 170 as an example: the upper capacitor
electrode 210, the first connection electrode C1, the second
connection electrode C2, and the like); however, the first
substrate 110 does not include a second sensing electrode
SE2. In addition to the interlaced area IT, the second sensing
electrode region GR2 (extending in a second direction DR2)
includes at least one second sensing electrode SE2 and other
related elements (some elements on the first substrate 110 as
an example: the thin film transistor, the pixel electrode 124,
the conductive bump 180, the first capacitor electrode 122,
and the like); however, the second substrate 170 does not
include at least one first sensing electrode SE1 and the first
connection electrode C1. Therefore, the subpixel in the
interlaced area IT not only includes the foregoing embodi-
ment (for example, one of FIG. 1 to FIG. 6) forming the
present disclosure, but also includes the first sensing elec-
trode SFE1, the second sensing electrode SE2, the first
connection electrode C1, the second connection electrode
(C2, and related elements.

As shown in FIG. 14B, in this embodiment, a bank 150
covers the second sensing electrode SE2 of the first substrate
110. A capacitor dielectric layer 190 covers the first sensing
electrode SE1 of the second substrate 170, the second
connection electrode C2, and the upper capacitor electrode
210. The first connection electrode C1 is located on the
capacitor dielectric layer 190.

In this embodiment, preferably, the first sensing electrode
SE1 and the upper capacitor electrode 210 are formed by a
same patterned layer. The second sensing electrode SE2, the
pixel electrode 124, and the first capacitor electrode 122 are
formed by a same patterned layer; however, the present
disclosure is not limited thereto. The first sensing electrode
SE1 has an opening O1. The second connection electrode C2
passes through (extends through) the opening O1 to electri-
cally connect the upper capacitor electrode 210 and an upper
capacitor electrode (not shown) of another subpixel. The
first connection electrode C1 is across the opening O1 and
electrically connects the first sensing electrodes SE1 on two
sides of the second connection electrode C2. The second
sensing electrodes SE2 are located at peripheries of the first
capacitor electrode 122 and the pixel electrode 124. For
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example, the second sensing electrodes SE2 surround the
first capacitor electrode 122 and the pixel electrode 124. In
one of the embodiments, in the interlaced area IT, a vertical
projection of the first sensing electrode SE1 on the first
substrate 110 is partially overlapped with the second sensing
electrode SE2. Other details in this embodiment are sub-
stantially the same as those discussed above, and are no
longer elaborated herein.

FIG. 15A is a schematic cross-sectional view of a subpixel
100 of a display panel in an interlaced area IT (referring to
FIG. 14A) according to a thirteenth embodiment of the
present disclosure. FIG. 15B is a schematic top view of some
elements of a second substrate 170 of the subpixel 100 (on
the right side of FIG. 15B) and some elements of a first
substrate 110 of the subpixel (on the left side of FIG. 15B)
of the display panel in FIG. 15A. A cross-sectional view of
a schematic top view of some elements of the second
substrate 170 of the subpixel 100 in this embodiment and a
schematic top view and a cross-sectional view of some
elements of the first substrate 110 of the subpixel 100 in the
embodiment in FIG. 7C and in this embodiment are similar
to the cross-sectional view in FIG. 12A and the schematic
top view of some elements of the first substrate 110 in FIG.
12B, and a major difference lies in that: the display panel
includes at least one first sensing electrode SE1 located on
the second substrate 170 and at least one second the sensing
electrode SE2 located on the first substrate 110. However, in
the embodiment in FIG. 7C, only the sensing electrode is
provided on the second substrate 170, or in the embodiment
in FIG. 12A and FIG. 12B, only the sensing electrode is
provided on the first substrate 110.

In multiple embodiments of the present disclosure, the
second sensing electrodes SE2 are located at a periphery of
a counter electrode 140. For example, the second sensing
electrodes SE2 surround the counter electrode 140, to form
a receiving area (or namely accommodated region) that
receives the counter electrode 140. A patterned electrode
layer 120 of the display panel further includes at least one
third connection electrode CO3, disposed at each subpixel
100 of the first substrate 110. The third connection electrode
CO3 is disposed to be across (or namely crossover) the
second sensing electrode SE2 to connect counter electrodes
140 of two adjacent subpixels 100. A pixel electrode 124 and
the third connection electrode CO3 are separated, and the
third connection electrode CO3 and the second sensing
electrode SE2 are interlaced. Preferably, the second sensing
electrode SE2 and the counter electrode 140 are formed by
a same patterned layer, and the pixel electrode 124 and a first
capacitor electrode 122 are formed by a same patterned
layer; however, the present disclosure is not limited thereto.
In one of the embodiments of the present disclosure, the
second sensing electrode SE2 is located on a bank 150 (for
example, a top surface), and the bank 150 covers a part of
the third connection electrode CO3, as shown in FIG. 15A.

Referring to FIG. 14A, FIG. 15A, and FIG. 15B at the
same time, it should be noted that, in addition to the
interlaced area IT, a first sensing electrode region GR1
(extending in a first direction DR1) includes at least one first
sensing electrode SE1 and other related elements (some
elements on the second substrate 170 as an example: an
upper capacitor electrode 210, a first connection electrode
C1, a second connection electrode C2, and the like); how-
ever, the first substrate 110 does not include a second sensing
electrode SE2. In addition to the interlaced area IT, a second
sensing electrode region GR2 (extending in a second direc-
tion DR2) includes at least one second sensing electrode
SE2 and other related elements (some elements on the first
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substrate 110 as an example: a thin film transistor, the pixel
electrode 124, a conductive bump 180, the first capacitor
electrode 122, the third connection electrode CO3, the
counter electrode 140, and the like); however, the second
substrate 170 does not include at least one first sensing
electrode SE1 and the first connection electrode C1. There-
fore, the subpixel of the interlaced area IT not only includes
the foregoing embodiment (for example, one of FIG. 1 to
FIG. 6) forming the present disclosure, but also includes the
first sensing electrode SE1, the second sensing electrode
SE2, the first connection electrode C1, the second connec-
tion electrode C2, the third connection electrode CO3, and
related elements.

In one of the embodiments of the present disclosure, a
capacitor dielectric layer 190 covers the first sensing elec-
trode SE1, the second connection electrode C2, and the
upper capacitor electrode 210 of the second substrate 170,
and the first connection electrode C1 is located on the
capacitor dielectric layer 190. The first sensing electrode
SE1 is disposed in a non-light emitting area NA of the
subpixel. The first sensing electrode SE1 has an opening O1.
The second connection electrode C2 passes through (extends
through) the opening O1 to electrically connect the upper
capacitor electrode 210 and an upper capacitor electrode
(not shown) of another subpixel. The first connection elec-
trode C1 is across the opening O1 to electrically connect first
sensing electrodes SE1 on two sides of the second connec-
tion electrode C2 (such as two sides of opening O1).
Preferably, the first connection electrode C1 and a second
capacitor electrode 200 are formed by a same patterned
layer. The first sensing electrode SE1, the second connection
electrode C2, and the upper capacitor electrode 210 are
formed by a same patterned layer; however, the present
disclosure is not limited thereto.

In this embodiment, in the interlaced area IT, a vertical
projection of the first sensing electrode SE1 on the patterned
electrode layer 120 (that is, the first substrate 110) is
partially overlapped with the second sensing electrode SE2.
Other details in this embodiment are substantially the same
as those discussed above, and are no longer elaborated
herein.

FIG. 16A is a schematic cross-sectional view of a subpixel
100 of a display panel in an interlaced area IT (referring to
FIG. 14A) according to a fourteenth embodiment of the
present disclosure. FIG. 16B is a schematic top view of some
elements of a second substrate 170 (on the right side of FIG.
16B) and some elements of a first substrate 110 (on the left
side of FIG. 16B) of the subpixel 100 of the display panel
in FIG. 16A. The subpixel 100 in this embodiment is similar
to the subpixel 100 in the embodiment in FIG. 11A, and a
difference lies in that the display panel of this embodiment
further includes at least one first sensing electrode SE1
located on the second substrate 170 and at least one second
sensing electrode SE2 located on the first substrate 110.
However, in the embodiment in FIG. 11A and FIG. 11B,
only a sensing electrode is provided on the first substrate
110.

Referring to FIG. 14A and FIG. 164, at least one inter-
laced area IT is provided at an interlaced position between
a first sensing electrode region GR1 and a second sensing
electrode region GR2, and the first sensing electrode SE1
and the second sensing electrode SE2 are interlaced in the
interlaced area IT. The first sensing electrodes SE1 are
respectively disposed at each subpixel 100 of the first
sensing electrode region GR1 (referring to FIG. 14A) of the
second substrate 170. The first sensing electrodes SE1 are
connected to each other. The first sensing electrode SE1 is at
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least partially overlapped with a non-light emitting area NA
of the subpixel. An upper capacitor electrode 210 and a
second capacitor electrode 200 of each subpixel 100 are both
separated from the first sensing electrode SE1. The second
sensing electrodes SE2 are disposed at each subpixel 100 of
the second sensing electrode region GR2 (referring to FIG.
14A) of the first substrate 110 and are connected to each
other. The second sensing electrode SE2 and the subpixel the
non-light emitting area NA are at least partially overlapped.
A pixel electrode 124 and a first capacitor electrode 122 of
each subpixel 100 are both separated from the second
sensing electrode SE2.

Referring to FIG. 14A, FIG. 16A, and FIG. 16B at the
same time, it should be noted that, in addition to the
interlaced area IT, the first sensing electrode region GR1
(extending in a first direction DR1) includes at least one first
sensing electrode SE1 and other related elements (some
elements on the second substrate 170 as an example: the
upper capacitor electrode 210, the second capacitor elec-
trode 200, and the like); however, the first substrate 110 does
not include a second sensing electrode SE2. In addition to
the interlaced area IT, the second sensing electrode region
(extending in a second direction DR2) GR2 includes at least
one second sensing electrode SE2 and other related elements
(some elements on the first substrate 110 as an example: a
thin film transistor, the pixel electrode 124, the first capacitor
electrode 122, a conductive bump 180, a counter electrode
140, and the like); however, the second substrate 170 does
not include at least one first sensing electrode SE1. There-
fore, the subpixel in the interlaced area IT not only includes
the foregoing embodiment (for example, one of FIG. 1 to
FIG. 6) forming the present disclosure, but also includes the
first sensing electrode SE1, the second sensing electrode
SE2, and related elements.

As shown in FIG. 16 A, the first sensing electrode SE1 is
located on a capacitor dielectric layer 190 of the second
substrate 170. A bank 150 covers a part of the second sensing
electrode SE2 of the first substrate 110, and for the rest
related details, reference is made to the foregoing. In mul-
tiple embodiments of the present disclosure, as shown in
FIG. 16B, the first sensing electrodes SE1 on the second
substrate 170 are located at a periphery of the second
capacitor electrode 200. For example, the first sensing
electrodes SE1 surround the second capacitor electrode 200,
and the second sensing electrodes SE2 on the first substrate
110 are located at the peripheries of the first capacitor
electrode 122 and the pixel electrode 124. For example, the
second sensing electrodes SE2 surround the first capacitor
electrode 122 and the pixel electrode 124. In the interlaced
area IT, a vertical projection of the first sensing electrode
SE1 on a patterned electrode layer 120 (that is, the first
substrate 110) is partially overlapped with the second sens-
ing electrode SE2. Other details in this embodiment are
substantially the same as those discussed above, and are no
longer elaborated herein.

FIG. 17A is a schematic cross-sectional view of a subpixel
100 of a display panel in an interlaced area IT (referring to
FIG. 14A) according to a fifteenth embodiment of the
present disclosure. FIG. 17B is a schematic top view of some
elements of a second substrate 170 (on the right side of FIG.
17B) and some elements of a first substrate 110 (on the left
side of FIG. 17B) of the subpixel 100 of the display panel
in FIG. 17A. The subpixel 100 in this embodiment is similar
to the subpixel 100 in the embodiment in FIG. 124, and a
major difference lies in that: the display panel includes at
least one first sensing electrode SE1 located on the second
substrate 170 and at least one second sensing electrode SE2
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located on the first substrate 110. However, in the embodi-
ment in FIG. 12A and FIG. 12B, only a sensing electrode is
provided on the first substrate 110.

Referring to both FIG. 14A and FIG. 17A, at least one
interlaced area IT is provided in an interlaced position
between a first sensing electrode region GR1 and a second
sensing electrode region GR2, and the first sensing electrode
SE1 and the second sensing electrode SE2 are intetlaced in
the interlaced area IT. The first sensing electrodes SFE1 are
respectively disposed at each subpixel 100 of the first
sensing electrode region GR1 (referring to FIG. 14A) of the
second substrate 170. The first sensing electrodes SE1 are
connected to each other. The first sensing electrode SE1 and
a non-light emitting area NA of the subpixel are at least
partially overlapped. An upper capacitor electrode 210 and
a second capacitor electrode 200 of each subpixel 100 are
both separated from the first sensing electrode SE1. The
second sensing electrodes SE2 are disposed at each subpixel
100 of the second sensing electrode region GR2 (referring to
FIG. 14A) of the first substrate 110 and are connected to
each other. The second sensing electrode SE2 and the
subpixel the non-light emitting area NA are at least partially
overlapped. A pixel electrode 124 and a first capacitor
electrode 122 of each subpixel 100 are both separated from
the second sensing electrode SE2, and the first sensing
electrode SE1 and the second sensing electrode SE2 are
separated.

In this embodiment, the display panel further includes at
least one first connection electrode C1 and at least one
second connection electrode 140C. The first connection
electrode C1 is disposed at each subpixel 100 of the first
substrate 110, to connect the second sensing electrodes SE2
of each subpixel 100. The first capacitor electrodes 122 of
each subpixel and the first connection electrodes C1 where
the first capacitor electrodes are located are separated. The
second connection electrodes 140C are disposed at each
subpixel 100 of the first substrate 110 and connect counter
electrodes 140 of two adjacent subpixels 100, and the first
connection electrode C1 and the second connection elec-
trode 140C are interlaced. Preferably, the second sensing
electrode SE2, the second connection electrode 140C, and
the counter electrode 140 are formed by a same patterned
layer, and the pixel electrode 124, the first connection
electrode C1, and the first capacitor electrode 122 are
formed by a same patterned layer; however, the present
disclosure is not limited thereto. In one of the embodiments
of the present disclosure, the first sense electrodes SE1 are
located on a capacitor dielectric layer 190 of the second
substrate 170, the second sensing electrode SE2 and the
second connection electrode 140C are located on a barnk 150
(for example, a top surface) of the first substrate 110, and the
bank 150 covers a part of the first connection electrode C1,
as shown in FIG. 17A.

Referring to FIG. 14A, FIG. 17A, and FIG. 17B at the
same time. It should be noted that, in addition to the
interlaced area, the first sensing electrode region GR1 (ex-
tending in a first direction DR1) includes at least one first
sensing electrode SE1 and other related elements (some
elements on the second substrate 170 as an example: the
upper capacitor electrode 210, the second capacitor elec-
trode 200, and the like); however, the first substrate 110 does
not include a second sensing electrode SE2. In addition to
the interlaced area IT, the second sensing electrode region
GR2 (extending in a second direction DR2) includes at least
one second sensing electrode SE2 and other related elements
(some elements on the first substrate 110 as an example: a
thin film transistor, the pixel electrode 124, the first capacitor
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electrode 122, a conductive bump 180, the first connection
electrode C1, the second connection electrode 140C, the
counter electrode 140, and the like); however, the second
substrate 170 does not include at least one first sensing
electrode SE1. Therefore, the subpixel in the interlaced area
IT not only includes the foregoing embodiment (for
example, one of FIG. 1 to FIG. 6) forming the present
disclosure, but also includes the first sensing electrode SE1,
the second sensing electrode SE2, the first connection elec-
trode C1, the second connection electrode 140C, and related
elements. In another embodiment, a third connection elec-
trode (not shown) may be further included to connect upper
capacitor electrodes 210 of two adjacent subpixels.

In multiple embodiments of the present disclosure, the
first sensing electrodes SE1 are located at a periphery of the
second capacitor electrode 200. For example, the first sens-
ing electrodes SE1 surround the second capacitor electrode
200, and the second sensing electrodes SE2 are located at a
periphery of the counter electrode 140. For example, the
second sensing electrodes SE2 surround the counter elec-
trode 140. In the interlaced area IT, a vertical projection of
the first sensing electrode SE1 on the first substrate 110 and
a vertical projection of the second sensing electrode SE2 on
the first substrate 110 are partially overlapped.

Herein, a patterned electrode layer 120 includes the first
connection electrode C1. The first sensing electrode SE1
includes an opening O1. The second connection electrode
140C passes through (extends through) the opening O1 to
electrically connect the counter electrode 140 and a counter
electrode of another subpixel. The first connection electrode
C1 may be across the opening O1 to electrically connect the
first sensing electrodes SE1 on two sides of the second
connection electrode 140C. Other details in this embodiment
are substantially the same as those discussed above, and are
no longer elaborated herein.

It should be understood that, in the foregoing multiple
embodiments, vertical projections of the first sensing elec-
trode SE1 and the second sensing electrode SE2 on the first
substrate 110 may be partially overlapped with a vertical
projection of a scan line SL, a power line PL or a data line
DL on the first substrate 110, so as to reduce influence on a
light-transmission area (for example, a light emitting area
DA); however, the present disclosure is not limited thereto.
In addition, if the foregoing sensing electrode needs to be
made into a loop-form sensing electrode (for example, an
electromagnetic sensing element), a connection electrode
may be additionally disposed between two adjacent sensing
electrodes or at tail ends. Alternatively, a connection elec-
trode may be additionally disposed between the first or
second sensing electrodes or at tail ends, to enable the first
or second sensing electrodes to form a loop-form sensing
electrode. Alternatively, a connection electrode may be
additionally disposed between the first and second sensing
electrodes or at tail ends, to enable the first and second
sensing electrodes to form a loop-form sensing electrode.

Multiple embodiments of the present disclosure provide a
subpixel of a display panel. It is designed that a capacitor
dielectric layer is provided inside the subpixel, so as to
increase an area for a storage capacitor, that is, a storage
capacitor element (solid state) is located between two sub-
strates, and increase an aperture ratio. In one of the embodi-
ments, a self-capacitance or mutual-capacitance sensing
electrode is designed, and the sensing electrode and a
patterned conductive layer inside the subpixel are formed at
the same time, so as to provide the subpixel with a sensing
(for example, touch control) function and a display function,
and to simplify process steps to reduce a cost. In addition, it



US 10,170,714 B2

41

is designed that the sensing electrode is located near a wire,
to prevent a light emitting area from being affected.

Although the present disclosure is disclosed as above by
multiple embodiments, these embodiments are not used to
limit the present disclosure. Any person skilled in the art
may make various changes and modifications without
departing from the spirit and scope of the present disclosure,
and therefore the protection scope of the present disclosure
should be as defined by the appended claims.

The foregoing description of the exemplary embodiments
of the invention has been presented only for the purposes of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of
the above teaching.

The embodiments are chosen and described in order to
explain the principles of the invention and their practical
application so as to activate others skilled in the art to utilize
the invention and various embodiments and with various
modifications as are suited to the particular use contem-
plated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention
pertains without departing from its spirit and scope. Accord-
ingly, the scope of the present invention is defined by the
appended claims rather than the foregoing description and
the exemplary embodiments described therein.

What is claimed is:

1. A display panel, having a first substrate and a second
substrate disposed on the first substrate, and the display
panel comprising a plurality of subpixels, wherein at least
one of the subpixels comprises:

a switch element, disposed on the first substrate, and
comprising a first end, a second end, and a first gate,
wherein the first end is electrically connected to a data
line that extends in a first direction, the first gate is
electrically connected to a scan line that extends in a
second direction, and the first direction is not parallel to
the second direction;

a driving element, disposed on the first substrate, and
comprising a first end, a second end, and a second gate,
wherein the first end is electrically connected to a
power line, the second gate is electrically connected to
the second end of the switch element, and the power
line is electrically connected to a first voltage source;

a passivation layer, disposed on the first substrate, and
covering the scan line, the data line, the power line, the
switch element, the driving element, and the first sub-
strate;

a patterned electrode layer, disposed on the passivation
layer of the first substrate, wherein the patterned elec-
trode layer includes a first capacitor electrode and a
pixel electrode separated from the first capacitor elec-
trode, the pixel electrode is electrically connected to the
second end of the driving element, and the first capaci-
tor electrode is electrically connected to the second end
of the switch element;

an electroluminescent layer, located on the pixel electrode
of the first substrate;

a counter electrode, disposed on the electroluminescent
layer of the first substrate and electrically connected to
a second voltage source, wherein the second voltage
source is different from the first voltage source;

a conductive bump, protrusively disposed on the first
capacitor electrode of the first substrate, wherein the
conductive bump comprises a conductive material,

an upper capacitor electrode, disposed on an inner surface
of the second substrate; and

5

15

20

25

40

45

55

60

65

42

a capacitor dielectric layer, covering the upper capacitor
electrode of the second substrate, wherein the conduc-
tive bump, the capacitor dielectric layer, and the upper
capacitor electrode form a storage capacitor.

2. The display panel according to claim 1, wherein the
subpixel further comprises a second capacitor electrode,
disposed on the capacitor dielectric layer of the second
substrate and located between the capacitor dielectric layer
and the conductive bump, and wherein two opposite sur-
faces of the second capacitor electrode are respectively in
contact with the capacitor dielectric layer and the conductive
bump, and the conductive bump, the second capacitor elec-
trode, the capacitor dielectric layer, and the upper capacitor
electrode form the storage capacitor.

3. The display panel according to claim 2, wherein a lower
surface of the second capacitor electrode has a concave first
portion and a protrusive second portion located on at least
one side of the first portion, and a top portion of the
conductive bump is corresponding to the first portion on the
lower surface of the second capacitor electrode.

4. The display panel according to claim 1, wherein each
subpixel has a light emitting area and a non-light emitting
area at least disposed on a side of the light emitting area, and
the first capacitor electrode is located in the non-light
emitting area, and the conductive bump comprises:

a bump, located on the first capacitor electrode; and

a third capacitor electrode, at least covering the bump and
being connected to the first capacitor electrode.

5. The display panel according to claim 4, wherein the
bump has at least one opening, and the third capacitor
electrode is electrically connected to the first capacitor
electrode through the opening.

6. The display panel according to claim 1, wherein the
subpixel further comprises:

a bank, disposed on the passivation layer and having a
first opening and a second opening, wherein the first
opening does not cover at least a part of the first
capacitor electrode, the second opening does not cover
at least a part of the pixel electrode, and the electrolu-
minescent layer and the counter electrode are located in
the second opening.

7. The display panel according to claim 6, wherein a
thickness of the conductive bum is greater than a thickness
of the bank.

8. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has at least two first sensing electrode regions and at
least two second sensing electrode regions separated from
the first sensing electrode regions, and the display panel
farther comprises:

a plurality of sensing electrodes, respectively disposed in
the subpixels of the first sensing electrode regions and
the second sensing electrode regions on the second
substrate, and the sensing electrode of each subpixel
being partially overlapped with the non-light emitting
area, wherein the sensing electrodes in the first sensing
electrode regions and the sensing electrodes in the
second sensing electrode regions are separated.

9. The display panel according to claim 8, further com-

prising:

at least one first connection electrode, disposed on the
second substrate, wherein the first connection electrode
is adapted to connect upper capacitor electrodes of two
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adjacent subpixels, and the first connection electrode
and the sensing electrode are separated and partially
overlapped,

wherein each subpixel of the first sensing electrode
regions and the second sensing electrode regions dis-
posed on the second substrate further comprises:

a second capacitor electrode, disposed on the second
substrate and located between the capacitor dielectric
layer and the conductive bump, wherein the second
capacitor electrode and the upper capacitor electrode
are at least partially overlapped.

10. The display panel according to claim 9, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, and wherein the extending directions each
other interlaced, the display panel further has at least one
first bridge electrode region and at least one the second
bridge electrode region adjacent to the first bridge electrode
region, the first bridge electrode region is located between
the first sensing electrode region and the second bridge
electrode region, the second bridge electrode region is
located in an interlaced position between the extending
directions of the first sensing electrode regions and the
second sensing electrode regions, and the display panel
further comprises:

a second connection electrode, disposed on the second
substrate, and located at each subpixel of the first
bridge electrode region and the second bridge electrode
region, so as to connect the sensing electrodes located
in the first sensing electrode regions; and

a third connection electrode, disposed on the second
substrate, and located at each subpixel of the second
bridge electrode region, so as to connect the sensing
electrodes located in the second sensing electrode
regions, wherein the second connection electrode and
the third connection electrode are separated and inter-
laced.

11. The display panel according to claim 10, wherein the

second connection electrode comprises:

at least one first sub-electrode segment, located between
two adjacent subpixels in the first bridge electrode
region, wherein the first sub-electrode segment and the
sensing electrode located in the first bridge electrode
region are partially overlapped and connected; and

at least one second sub-electrode segment, connected to
the first sub-electrode segment.

12. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has at least two first sensing electrode regions and at
least two second sensing electrode regions separated from
the first sensing electrode regions, and the display panel
further comprises:

a plurality of sensing electrodes, respectively disposed in
the subpixels of the first sensing electrode regions and
the second sensing electrode regions on the second
substrate, and the sensing electrode being partially
overlapped with the light emitting area in each sub-
pixel, wherein the sensing electrodes in the first sensing
electrode regions and the sensing electrodes in the
second sensing electrode regions are separated; and

at least one first connection electrode, disposed on the
second substrate, wherein the first connection electrode
connects sensing electrodes of two adjacent subpixels.
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13. The display panel according to claim 12, wherein the
upper capacitor electrode is partially overlapped with the
non-light emitting area, and the subpixel further comprises:

a second capacitor electrode, disposed on the second
substrate and located between the capacitor dielectric
layer and the conductive bump, wherein the second
capacitor electrode is partially overlapped with the
upper capacitor electrode; and

at least one second connection electrode, disposed on the
second substrate, wherein the second connection elec-
trode connects upper capacitor electrodes of two adja-
cent subpixels, and the second comnection electrode
and the first connection electrode are separated and
interlaced.

14. The display panel according to claim 13, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, wherein the extending directions are intet-
laced with each other, the display panel further has a bridge
electrode region located in an interlaced position between
the extending directions of the first sensing electrode regions
and the second sensing electrode regions, and the display
panel further comprises:

a third connection electrode, disposed on the second
substrate, and located in each subpixel of the bridge
electrode region, so as to connect the sensing electrodes
located in the second sensing electrode regions,
wherein the third connection electrode and a sensing
electrode of each subpixel located in the bridge elec-
trode region are interlaced.

15. The display panel according to claim 12, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, wherein the extending directions are inter-
laced with each other, the display panel further has a first
bridge electrode region located in an interlaced position
between the extending directions of the first sensing elec-
trode regions and the second sensing electrode regions, and
the display panel further comprises:

a plurality of second capacitor electrodes, disposed on the
second substrate, and respectively located between the
capacitor dielectric layer and the conductive bump in
each subpixel area, wherein the second capacitor elec-
trodes are partially overlapped with the upper capacitor
electrode;

at least one second connection electrode, disposed on the
second substrate, and located in each subpixel of the
bridge electrode region, so as to electrically connect the
sensing electrodes located in the second sensing elec-
trode regions, wherein the second connection electrode
and a sensing electrode of each subpixel located in the
bridge electrode region are separated; and

at least one third connection electrode, disposed on the
second substrate, and located in the subpixel of the
bridge electrode regions, so as to connect the second
connection electrodes of two adjacent subpixel areas
located in each bridge electrode region.

16. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has a plurality of sensing electrode regions, and the
patterned electrode layer further comprises:

a sensing electrode, disposed in each subpixel of each
sensing electrode region of the first substrate, and the
sensing electrode of each subpixel being partially over-
lapped with the non-light emitting area, wherein the
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sensing electrode of each subpixel at least partially
surrounds the pixel electrode and the first capacitor
electrode, and the pixel electrode and the first capacitor
electrode are separated from the sensing electrode.

17. The display panel according to claim 16, further
comprising:

a bank, disposed on the passivation layer of the first
substrate and having a first opening and a second
opening, wherein the first opening does not cover at
least a part of the first capacitor electrode, the second
opening does not cover at least a part of the pixel
electrode, the electroluminescent layer and the counter
electrode are located in the second opening, and the
bank covers the sensing electrode.

18. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has a plurality of sensing electrode regions, and the
display panel further comprises:

a plurality of sensing electrodes, respectively disposed in
the subpixels in the sensing electrode regions of the
first substrate, and the sensing electrode of each sub-
pixel being partially overlapped with the non-light
emitting area, wherein the sensing electrode of each
subpixel at least partially surrounds the counter elec-
trode, and the pixel electrode, the counter electrode,
and the first capacitor electrode are all separated from
the sensing electrode.

19. The display panel according to claim 18, further

comptrising:

at least one first connection electrode, respectively dis-
posed between two adjacent subpixels in each sensing
electrode region, so as to connect the counter electrodes
of the subpixels, and the pixel electrode, the sensing
electrode, and the first capacitor electrode of each
subpixel are all separated from the first connection
electrode.

20. The display panel according to claim 19, further

comprising:

a bank, disposed on the passivation layer of the first
substrate and having a first opening and a second
opening, wherein the first opening does not cover at
least a part of the first capacitor electrode, the second
opening does not cover at least a part of the pixel
electrode, the electroluminescent layer and the counter
electrode are located in the second opening, the sensing
electrode is disposed on the bank, and the bank covers
the first connection electrode.

21. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has at least one first sensing electrode region and at
least one second sensing electrode region that is interlaced
with and separated from the first sensing electrode region,
and the patterned electrode layer further comprises:

a plurality of first sensing electrodes, respectively dis-
posed at each subpixel of the first sensing electrode
region of the first substrate and connected to each other,
and the first sensing electrode being partially over-
lapped with the non-light emitting area, wherein the
sensing electrode of each subpixel at least partially
surrounds and is separated from the pixel electrode and
the first capacitor electrode,

wherein the display panel further comprises:
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a bank, disposed on the passivation layer of the first
substrate and having a first opening and a second
opening, wherein the first opening does not cover at
least a part of the first capacitor electrode, the second
opening does not cover at least a part of the pixel
electrode, the electroluminescent layer and the coun-
ter electrode are located in the second opening, and
the bank covers the first sensing electrode; and

a plurality of second sensing electrodes, respectively
disposed at each subpixel of the second sensing
electrode region of the first substrate and connected
to each other, the second sensing electrodes being
partially overlapped with the non-light emitting area,
wherein the second sensing electrodes are disposed
on the bank and at least partially surround the
counter electrode, the counter electrode of each
subpixel is separated from the second sensing elec-
trodes, and the first sensing electrode and the second
sensing electrodes are separated.

22. The display panel according to claim 21, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions and are interlaced with each other to have at
least one interlaced area, the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
the display panel further comprises:

a plurality of first connection electrodes, respectively
disposed at each subpixel of the first substrate, so as to
connect the second sensing electrodes of each subpixel;
and

a plurality of second connection electrodes, respectively
disposed at each subpixel of the first substrate, wherein
the second connection electrode is located on the bank
and is adapted to connect counter electrodes of two
adjacent subpixels in the interlaced area, and the first
connection electrode and the second connection elec-
trode are interlaced with each other.

23. The display panel according to claim 22, wherein the

bank further covers a part of the first connection electrode.

24. The display panel according to claim 1, wherein each
subpixel has a light emitting area corresponding to the
electroluminescent layer and a non-light emitting area at
least disposed on a side of the light emitting area, the display
panel has at least one first sensing electrode region and at
least one second sensing electrode region that is interlaced
with and separated from the first sensing electrode region,
and the display panel further comprises:

a plurality of first sensing electrodes, respectively dis-
posed at each subpixel of the first sensing electrode
region of the second substrate and connected to each
other, the first sensing electrodes being partially over-
lapped with the non-light emitting area, wherein a
capacitor upper electrode of each subpixel is separated
from the first sensing electrodes; and

a plurality of second sensing electrodes, respectively
disposed at each subpixel of the second sensing elec-
trode region of the first substrate and connected to each
other, the second sensing electrodes being partially
overlapped with the non-light emitting area, wherein
the second sensing electrodes of each subpixel at least
partially surround and are separated from the pixel
electrode and the first capacitor electrode.

25. The display panel according to claim 24, further

comprising:

a bank, disposed on the passivation layer of the first
substrate and having a first opening and a second
opening, wherein the first opening does not cover at
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least a part of the first capacitor electrode, the second
opening does not cover at least a part of the pixel
electrode, and the electroluminescent layer and the
counter electrode are located in the second opening.

26. The display panel according to claim 25, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions, and are interlaced with each other to have at
least one interlaced area, and the first and second sensing
electrodes are at least partially overlapped in the interlaced
area, and the display panel further comprises:

a plurality of first connection electrode, respectively dis-
posed at each subpixel of the second substrate, so as to
connect the first sensing electrodes of each subpixel,
wherein the second capacitor electrode of each subpixel
is separated from each first connection electrode where
the second capacitor electrode is located; and

a plurality of second connection electrode, respectively
disposed at each subpixel of the second substrate, and
connecting capacitor upper electrodes on two adjacent
subpixels, wherein the first connection electrode and
the second connection electrode are interlaced.

27. The display panel according to claim 26, wherein the
bank covers the second sensing electrodes, the capacitor
dielectric layer covers the first sensing electrodes, the second
connection electrode, and the upper capacitor electrode, and
the first connection electrode is located on the capacitor
dielectric layer.

28. The display panel according to claim 25, further
comprising:

a plurality of third connection electrode, respectively
disposed at each subpixel of the first substrate and
connecting counter electrodes of two adjacent subpix-
els, wherein the pixel electrode and the third connec-
tion electrode of each subpixel are separated, and the
third connection electrode and the second sensing elec-
trodes are interlaced.

29. The display panel according to claim 28, wherein the
second sensing electrodes are located on the bank, the bank
covers a part of the third connection electrode, the capacitor
dielectric layer covers the first sensing electrodes, the second
connection electrode, and the upper capacitor electrode, and
the first connection electrode is located on the capacitor
dielectric layer.

30. The display panel according to claim 25, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions and are interlaced with each other to have at
least one interlaced area, the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
the first sensing electrodes are located on the capacitor
dielectric layer, and the bank covers a part of the second
sensing electrodes.

31. The display panel according to claim 25, wherein the
first sensing electrode regions and the second sensing elec-
trode regions are respectively arranged in different extend-
ing directions and are interlaced with each other to have at
least one interlaced area, the first and second sensing elec-
trodes are at least partially overlapped in the interlaced area,
and the display panel further comprises:

a plurality of first connection electrode, respectively dis-
posed at each subpixel of the first substrate, so as to
connect the first sensing electrodes of each subpixel,
wherein the first capacitor electrode of each subpixel is
separated from each first connection electrode where
the first capacitor electrode is located; and
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a plurality of second connection electrode, respectively
disposed at each subpixel of the first substrate, and
connecting counter electrodes of two adjacent subpix-
els, wherein the first connection electrode and the
second connection electrode are interlaced.

32. The display panel according to claim 31, wherein the
first sensing electrodes are located on the capacitor dielectric
layer, the second sensing electrodes and the second connec-
tion electrodes are located on the bank, and the bank covers
the first connection electrodes.

33. A display panel, comprising:

a substrate;

an upper capacitor electrode, disposed on an inner surface
of the substrate;

a capacitor dielectric layer, covering the upper capacitor
electrode;

a first sensing electrode, disposed on the inner surface of
the substrate;

a counter substrate, disposed opposite the substrate,
wherein the counter substrate has at least one pixel
electrode and a first capacitor electrode separated from
the pixel electrode, the pixel electrode is connected to
an end of a driving element, a gate of the driving
element is electrically connected to an end of a switch
element, and the first capacitor electrode is connected
to the end of the switch element;

a conductive bump, disposed on the first capacitor elec-
trode of the counter substrate, and partially overlapped
with the upper capacitor electrode in a vertical projec-
tion direction;

an electroluminescent layer, sandwiched between the sub-
strate and the counter substrate, and located on the pixel
electrode; and

a counter electrode, disposed on the electroluminescent
layer.

34. The display panel according to claim 33, wherein the
first sensing electrode surrounds the upper capacitor elec-
trode.

35. The display panel according to claim 33, further
comprising:

a first connection electrode, disposed on the inner surface
of the substrate, and electrically connected to the upper
capacitor electrode or the first sensing electrode; and

a second capacitor electrode, disposed on the inner sur-
face of the substrate, and located on a side, facing and
close to the counter substrate, of the capacitor dielectric
layer.

36. The display panel according to claim 33, further
comprising a second sensing electrode, disposed on the
inner surface of the substrate or an inner surface of the
counter substrate, wherein the second sensing electrode and
the first sensing electrode are interlaced.

37. The display panel according to claim 33, wherein the
upper capacitor electrode surrounds the first sensing elec-
trode.

38. A display panel, comprising:

a substrate;

an upper capacitor electrode, disposed on an inner surface
of the substrate;

a capacitor dielectric layer, covering the upper capacitor
electrode;

a counter substrate, opposite the substrate setting;

a patterned electrode layer, disposed on an inner surface
of the counter substrate, wherein a patterned electrode
layer comprises a first capacitor electrode and a pixel
electrode separated from the first capacitor electrode,
the pixel electrode is connected to an end of a driving
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element, a gate of the driving element is electrically
connected to an end of a switch element, and the first
capacitor electrode is connected to the end of the switch
element;

a conductive bump, disposed on the first capacitor elec-
trode of the counter substrate, and partially overlapped
with the upper capacitor electrode in a vertical projec-
tion direction;

an electroluminescent layer, located on the pixel elec-
trode;

a counter electrode, disposed on the electroluminescent
layer; and

a first sensing electrode, disposed on the inner surface of
the counter substrate.

39. The display panel according to claim 38, wherein the
patterned electrode layer further comprises a first connection
electrode, disposed on the counter substrate and electrically
connected to the counter electrode.
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40. The display panel according to claim 39, further
comprising a second sensing electrode, disposed on the
counter substrate and interlaced with the first sensing elec-
trode.

41. The display panel according to claim 40, wherein the
patterned electrode layer further comprises a second con-
nection electrode, electrically connected to the second sens-
ing electrode.

42. The display panel according to claim 38, further
comprising:

a bank, disposed on the patterned electrode layer of the
counter substrate and having a first opening and a
second opening, wherein the first opening does not
cover at least a part of the first capacitor electrode, the
second opening does not cover at least a part of the
pixel electrode, and the electroluminescent layer and
the counter electrode are located in the second opening.
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