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DISPLAY DEVICE AND METHOD OF
MANUFACTURING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese Application JP 2017-228569 filed on Nov. 29, 2017, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] One or more embodiments of the present invention
relate to a display device and a method of manufacturing a
display device.

2. Description of the Related Art

[0003] A display device such as an organic electrolumi-
nescence display device has a display panel in which a
thin-film transistor, an organic light-emitting diode provided
for each pixel and the like are formed on a substrate.

[0004] JP 2008-139025 A discloses a configuration in
which a display panel has, in its display area, a through hole
for exposing a structure other than the display panel.

SUMMARY OF THE INVENTION

[0005] However, in the conventional configuration as
described above, a defect may occur in an organic electrolu-
minescence layer included in the organic light-emitting
diode. That is, in the conventional configuration as described
above, moisture may infiltrate via an upper electrode film
which is included in the organic light-emitting diode and is
exposed at the through hole. Therefore, the defect may occur
in the organic electroluminescence layer.

[0006] In view of the foregoing problem, an object of an
embodiment of the invention is to suppress the occurrence of
a defect in the organic electroluminescence layer.

[0007] 1.Adisplay device according to an embodiment of
the present invention includes a display panel having a
through hole in a display area including a plurality of pixels.
The display panel includes a substrate, and an organic
light-emitting diode including a first electrode film provided
above the substrate for each of the pixels, a second electrode
film provided over the plurality of pixels, and an organic
electroluminescence layer arranged between the first elec-
trode film and the second electrode film. The through hole
penetrates at least the second electrode film, and the second
electrode film includes an oxidized part exposed at an inner
surface of the through hole.

[0008] 2. In the display device according to the above-
mentioned item 1, the through hole may also penetrate the
substrate.

[0009] 3. In the display device according to the above-
mentioned item 1, the second electrode film may have a
shape as a single film that surrounds peripheries of the
through hole.

[0010] 4. The display device according to the above-
mentioned item 1 may further include: a pixel circuit pro-
vided in the pixels; a video signal line which supplies a
voltage corresponding to a video signal, to the pixel circuit;
and a scanning signal line which applies a voltage to a
lighting thin-film transistor included in the pixel circuit. The
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video signal line and the scanning signal line arranged next
to the through hole may be curved to detour around the
through hole.

[0011] 5. In the display device according to the above-
mentioned item 1, a structure other than the display panel
may be arranged at a position corresponding to the through
hole.

[0012] 6. In the display device according to the above-
mentioned item 5, the structure may include at least one of
camera, earphone, and microphone.

[0013] 7. A method of manufacturing a display device
according to an embodiment of the present invention is a
method of manufacturing a display device that includes a
display panel having a display area including a plurality of
pixels. The method includes: forming an organic light-
emitting diode which includes a first electrode film provided
above a substrate for each of the pixels, a second electrode
film provided over the plurality of pixels, and an organic
electroluminescence layer arranged between the first elec-
trode film and the second electrode film; providing a through
hole which exposes a part of the second electrode film, in the
display area; and oxidizing a part of the second electrode
film exposed at an inner surface of the through hole.
[0014] 8. In the method of manufacturing a display device
according to the above-mentioned item 7, a laser beam may
be irradiated in the display area, thus simultaneously carry-
ing out the providing the through hole, and the oxidizing a
part of the second electrode film.

[0015] 9. In the method of manufacturing a display device
according to the above-mentioned item 7, the second elec-
trode film may be formed by a single film forming process
using a single mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic view showing a schematic
configuration of a display device according to an embodi-
ment.

[0017] FIG. 2 is a schematic plan view showing a display
panel in the display device according to the embodiment.
[0018] FIG. 3 is a schematic vertical cross-sectional view
showing the display panel, taken along IT1I-III shown in FIG.
2.

[0019] FIG. 4 is a schematic vertical cross-sectional view
showing the display panel, taken along IV-IV shown in FIG.
2.

[0020] FIG. 5 is a schematic plan view showing periph-
eries of a through hole forming area in the display panel
according to the embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0021] Hereinafter, an embodiment of the invention will
be described with reference to the drawings.

[0022] The disclosure is simply an example. Any change
that a person skilled in the art can easily think of without
departing from the spirit of the invention should be included
in the scope of the invention. In order to clarify the expla-
nation, the drawings may schematically show each part in
terms of width, thickness, shape and the like, compared with
the actual configurations. However, the drawings are simply
an example and should not limit the interpretation of the
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invention. Also, in the specification and drawings, a com-
ponent similar to the one already de scribed with reference
to a previously described drawing maybe denoted by the
same reference sign, and detailed explanation of such a
component maybe omitted where appropriate. Embodiments
of the invention can be combined together unless stated
otherwise.

[0023] In the detailed description of the invention, the
term “above/on” or “below/under” to prescribe a positional
relation between one component and another component
includes not only the case where one component is directly
above/on or below/under another component but also the
case where a still another component is provided between
the two components unless stated otherwise.

[0024] A display device 2 according to this embodiment
is, for example, an organic electroluminescence display
device and mounted on a television, personal computer,
mobile terminal, mobile phone or the like. FIG. 1 is a
schematic view showing a schematic configuration of the
display device 2 according to this embodiment. The display
device 2 has a pixel array unit 4 which displays an image,
and a drive unit which drives the pixel array unit 4. The
display device 2 may have a base material formed of glass
or the like. The display device 2 may be a flexible display
having flexibility. In such a case, the display device 2 may
have a base material formed of a flexible resin film. The
display device 2 has a wiring layer including a wiring
provided inside or above the base material.

[0025] In the pixel array unit 4, an organic light-emitting
diode 6 and a pixel circuit 8 are arranged in the form of a
matrix corresponding to pixels. The pixel circuit 8 includes
a lighting thin-film transistor 10, a drive thin-film transistor
12, a capacitor 14, and the like.

[0026] On the other hand, the drive unit includes a scan-
ning line drive circuit 20, a video line drive circuit 22, a
drive power supply circuit 24, and a controller 26. The drive
unit drives the pixel circuit 8 and controls the light emission
of the organic light-emitting diode 6.

[0027] The scanning line drive circuit 20 is connected to
a scanning signal line 28 provided for each horizontal array
of pixels (pixel row). The scanning line drive circuit 20
selects the scanning signal line 28 in order in response to a
timing signal inputted from the controller 26 and applies a
voltage to the selected scanning signal line 28 to turn on the
lighting thin-film transistor 10.

[0028] The video line drive circuit 22 is connected to a
video signal line 30 provided for each vertical array of pixels
(pixel column). The video line drive circuit 22 has a video
signal inputted from the controller 26 and outputs to each
video signal line 30 a voltage corresponding to the video
signal of the selected pixel row in accordance with the
selection of the scanning signal line 28 by the scanning line
drive circuit 20. The voltage is written into the capacitor 14
via the lighting thin-film transistor 10 in the selected pixel
row. The drive thin-film transistor 12 supplies a current
corresponding to the written voltage, to the organic light-
emitting diode 6. This causes the organic light-emitting
diode 6 of the pixel corresponding to the selected scanning
signal line 28 to emit light.

[0029] The drive power supply circuit 24 is connected to
a drive power supply line 32 provided for each pixel column
and supplies a current to the organic light-emitting diode 6
via the drive power supply line 32 and the drive thin-film
transistor 12 of the selected pixel row.
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[0030] Here, a lower electrode film which is a first elec-
trode film of the organic light-emitting diode 6 is connected
to the drive thin-film transistor 12. On the other hand, an
upper electrode film which is a second electrode film of each
organic light-emitting diode 6 is formed of an electrode that
is used in common by the organic light-emitting diodes 6 of
all the pixels. In a case where the lower electrode film is
formed as the anode, a high electric potential is inputted
thereto, and the upper electrode film is the cathode, to which
alow electric potential is inputted. In a case where the lower
electrode film is formed as the cathode, a low electric
potential is inputted thereto, and the upper electrode film is
the anode, to which a high electric potential is inputted.
[0031] FIG. 2 is a schematic plan view showing a display
panel 40 in this embodiment. The display panel 40 has a
display area 42 where the organic light-emitting diode 6
provided in the pixel array unit 4 is arranged, and a frame
area 44 arranged on the outer side of the display area 42.
Here, the upper electrode film of the organic light-emitting
diode 6 is formed in almost the entirety of the display area
42. That is, the upper electrode film is arranged over a
plurality of pixels.

[0032] As shown in FIG. 2, a flexible printed circuit board
52 is connected to an organic light-emitting diode structure
layer 300 including the organic light-emitting diode 6. On
the flexible printed circuit board 52, a driver integrated
circuit 48 forming the drive unit is mounted. The flexible
printed circuit board 52 is connected to the scanning line
drive circuit 20, the video line drive circuit 22, the drive
power supply circuit 24, and the controller 26 or the like.
[0033] The display panel 40 has a through hole 200
arranged at a position corresponding to a structure which
doesn’t include the display panel 40, such as a camera,
earphone, or microphone. In this embodiment, the display
panel 40 has a through hole 200A arranged at a position
corresponding to an earphone, a through hole 200B arranged
at a position corresponding to a microphone, and a through
hole 200C arranged at a position corresponding to a camera.
The number and shape of through holes 200 are not limited
to those in the embodiment. The structure is not limited to
the camera, earphone, and microphone. The structure may
be arranged below the through hole 200. At least a part of the
structure may be arranged inside the through hole 200.
[0034] As described above, the upper electrode film of the
organic light-emitting diode 6 is formed over the pixels in
substantially the entirety of the display area 42. Therefore,
apart of the upper electrode film is exposed at the inner
surfaces of the through hole 2004, the through hole 200B,
and the through hole 200C.

[0035] FIG. 5 is a schematic plan view showing periph-
eries of the area where the through hole 200 is formed in the
display panel 40 in this embodiment. FIG. 5 shows the
positional relation between the through hole 200, and the
scanning signal line 28 and the video signal line 30.
[0036] As shown in FIG. 5, the scanning signal line 28 is
arranged in a first direction and the video signal line 30 is
arranged in a second direction that intersects the first direc-
tion. A subpixel is formed in a rectangular area surrounded
by the scanning signal line 28 and the video signal line 30.
As described above with reference to FIG. 1, the scanning
signal line 28 and the video signal line 30 are electrically
connected to the pixel circuit 8 provided in each subpixel.
[0037] As shown in FIG. 5, the scanning signal line 28 and
the video signal line 30 are arranged in such a way as to
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detour around the area where the through hole 200 is
formed. That is, the scanning signal line 28 and the video
signal line 30 arranged next to the through hole 200 are
curved to detour around the through hole 200. Such a
configuration enables the scanning signal line 28 to electri-
cally connect scanning line drive circuit 20 and the pixel
circuit 8 shown in FIG. 1 and enables the video signal line
30 to electrically connect the video line drive circuit 22 and
the pixel circuit 8 shown in FIG. 1, without the through hole
200 disconnecting the scanning signal line 28 and the video
signal line 30.

[0038] FIG. 3 is a schematic vertical cross-sectional view
showing the display panel 40, taken along III-III shown in
FIG. 2, that is, from a part of the display area 42 to the frame
area 44. As shown in FIG. 3, the display panel 40 according
to this embodiment has an array substrate 50. In this
embodiment, polyimide resin is used as the material forming
the array substrate 50. Also, another resin material may be
used as the material forming the array substrate 50.

[0039] Above the array substrate 50, a three-layer struc-
ture including a first silicon oxide film 54, a first silicon
nitride film 56 and a second silicon oxide film 58 is provided
as an undercoat layer. The first silicon oxide film 54, which
is the lowermost layer, is provided to improve adhesion to
the array substrate 50. The first silicon nitride film 56, which
is the middle layer, is provided as a block film against
moisture and impurities from outside. The second silicon
oxide film 58, which is the uppermost layer, is provided as
ablock film which prevents hydrogen atoms contained in the
first silicon nitride film 56 from being diffused to the
semiconductor layer side. It should be noted that the under-
coat layer is not particularly limited to this structure and may
be a structure having more layers stacked or may be a
single-layer structure or two-layer structure.

[0040] Above the undercoat layer, the drive thin-film
transistor 12 is provided. The drive thin-film transistor 12
has a structure in which a low-concentration impurity region
is provided between a channel region and source and drain
regions. In this embodiment, a silicon oxide film is used as
a gate insulating film 60, and a first wiring 62 constituted by
a multilayer structure of Ti and Al is used as a gate electrode.
The first wiring 62 also functions as a storage capacitance
line in addition to the function as the gate electrode of the
drive thin-film transistor 12. That is, the first wiring 62 is
used to form a storage capacitance with a polysilicon film
64.

[0041] Above the drive thin-film transistor 12, a second
silicon nitride film 66 and a third silicon oxide film 68 as
interlayer insulating films are stacked. Further, a second
wiring 70, forming source and drain electrodes and a lead
wiring, is formed. In this embodiment, the second wiring 70
has a three-layer structure of Ti, Al and Ti. The interlayer
insulating films, an electrode formed by an electrically
conductive layer in the same layer as the first wiring 62 and
an electrode formed by an electrically conductive layer in
the same layer as the source and drain wirings of the drive
thin-film transistor 12 form a storage capacitance. The lead
wiring extends to an end part of the peripheral edge of the
array substrate 50 and forms a terminal for connecting the
flexible printed circuit board 52 and the driver integrated
circuit 48 shown in FIG. 2.

[0042] Above the drive thin-film transistor 12, a flattening
film 72 is formed. As the flattening film 72, an organic
material such as photosensitive acrylic resin is often used.
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The flattening film formed of the organic material 72 has
higher surface flatness than an inorganic insulating material
film formed by a CVD (chemical vapor deposition) method
or the like.

[0043] The flattening film 72 is removed at a pixel contact
part where the drive thin-film transistor 12 and a lower
electrode film 80 included in the organic light-emitting
diode 6 are electrically connected to each other and at an end
part of the frame area 44. At the pixel contact part, the upper
surface of the second wiring 70 exposed by the removal of
the flattening film 72 is covered with a transparent conduc-
tive film 74 formed of ITO (indium tin oxide).

[0044] Subsequently. a third wiring 76 is provided in the
same layer as the transparent conductive film 74. In this
embodiment, the third wiring 76 is provided as a three-layer
structure of Mo, Al and Mo and is used to form a peripheral
lead wiring and a capacitance element provided additionally
in the pixel. Covering the upper surface of the second wiring
70 exposed after the removal of the flattening film 72, with
the transparent conductive film 74 as described above, also
serves to protect the exposed surface of the second wiring 70
from the process of patterning the third wiring 76.

[0045] The upper surfaces of the transparent conductive
film 74 and the third wiring 76 are first covered with a third
silicon nitride film 78. Subsequently, near the pixel contact
part of the transparent conductive film 74 in the display area
42, an opening is provided in the third silicon nitride film 78.
A part of the upper surface of the transparent conductive film
74 is thus exposed. In this embodiment, an opening is
provided in the third silicon nitride film 78 also in the frame
area 44. The upper surface of the flattening film 72 is
exposed at the opening.

[0046] Subsequently, the lower electrode film 80 to be the
pixel electrode is formed in such a way as to be connected
to the upper surface of the transparent conductive film 74
exposed at the opening. In this embodiment, the lower
electrode film 80 is formed as a reflection electrode and has
a three-layer structure formed of 170, Ag and 170, or ITO,
Ag and ITO or the like. At the pixel contact part, the
transparent conductive film 74, the third silicon nitride film
78 and the lower electrode film 80 form an added capaci-
tance. Incidentally, at the time of patterning the lower
electrode film 80, the transparent conductive film 74 is partly
exposed to the etching environment. However, due to
annealing carried out after the process of forming the
transparent conductive film 74 and before the process of
forming the lower electrode film 80, the transparent con-
ductive film 74 has endurance to the etching of the lower
electrode film 80.

[0047] In this embodiment, at the time of forming the
lower electrode film 80, an electrically conductive film 81
formed of the same electrically conductive material as the
lower electrode film 80 is formed on the third silicon nitride
film 78 in the frame area 44. In the frame area 44, the third
silicon nitride film 78 has the opening and the electrically
conductive film 81 is not formed on this opening. That is, the
upper surface of the flattening film 72 is exposed at the
opening in the third silicon nitride film 78.

[0048] This opening is provided to extract, through an
organic insulating film 82, moisture and gas released from
the flattening film 72 by heat treatment or the like after the
process of forming the organic insulating film 82. Therefore,
providing an opening not only in the display area 42 but also
in the frame area 44 as described in this embodiment enables



US 2019/0165080 A1

efficient removal of moisture and gas released from the
flattening film 72 in the frame area 44.

[0049] As the electrically conductive material used for the
electrically conductive film 81, an electrically conductive
material that is different from that of the lower electrode film
80 may be used. However, using the same material is
desirable because the electrically conductive film 81 and the
lower electrode film 80 can be formed simultaneously.
[0050] After the process of forming the lower electrode
film 80, the organic insulating film 82 to be the partition wall
of the pixel area, called bank or rib, is formed. As the organic
insulating film 82, photosensitive acrylic resin, photosensi-
tive polyimide resin or the like is used as with the flattening
film 72. The organic insulating film 82 has an opening to
expose the upper surface of the lower electrode film 80 as a
light-emitting area. It is preferable that the edge of the
opening is gently tapered. If the edge of the opening is
steeply tapered, it causes a coverage defect in an organic
electro luminescence layer 100 which is formed later.
[0051] Here, in this embodiment, the organic insulating
film 82 is formed in such a way as to close the opening
provided in the electrically conductive film 81 and the third
silicon nitride film 78 in the frame area 44. That is, a part of
the organic insulating film 82 enters the openings, as shown
in FIG. 3. Forming the organic insulating film 82 in such a
way as to close the opening in the third silicon nitride film
78 can suppress melting or dissolution of the inner periph-
eral surface of the opening in the third silicon nitride film 78
in the subsequent process.

[0052] After the organic insulating film 82 is formed,
organic materials forming the organic electroluminescence
layer 100 are stacked as multiple layers. As the multilayer
structure forming the organic electroluminescence layer
100, a hole transport layer 102, a light-emitting layer 104
and an electron transport layer 106 are stacked in order from
the side of the lower electrode film 80. In this embodiment,
the hole transport layer 102 and the electron transport layer
106 are formed over a plurality of subpixels, and the
light-emitting layer 104 is formed for each subpixel. The
organic electroluminescence layer 100 may be formed by
vapor deposition or may be formed by coating solution or
dispersion. The organic electroluminescence layer 100 may
be selectively formed for each subpixel or may be formed as
a layer over the entire surface covering the display area 42.
If the organic electroluminescence layer 100 is formed as a
layer, a configuration to obtain white light at all the subpix-
els and then extract a desired color wavelength portion by a
color filter (not illustrated) can be employed. In this embodi-
ment, the organic electroluminescence layer 100 is selec-
tively formed for each subpixel.

[0053] After the organic electroluminescence layer 100 is
formed, an upper electrode film 84 is formed. In this
embodiment, since a top-emission structure is employed, the
upper electrode film 84 is formed using a transparent con-
ductive material such as IZO (indium zinc oxide) and a
semitransparent electrode material such as Mg—Ag (mag-
nesium-silver alloy). According to the order of forming the
organic electroluminescence layer 100, the lower electrode
film 80 is the anode and the upper electrode film 84 is the
cathode. The upper electrode film 84, the organic electrolu-
minescence layer 100 and the lower electrode film 80 form
the organic light-emitting diode 6. The lower electrode film
80 of the organic light-emitting diode 6 is connected to the
drive thin-film transistor 12.
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[0054] After the upper electrode film 84 is formed, a
protection layer 90 is formed. One of the functions of the
protection layer 90 is to prevent infiltration of outside
moisture into the organic electroluminescence layer 100,
which is formed earlier. In this case, the protection layer 90
needs to have a high gas barrier property. In this embodi-
ment, as the multilayer structure of the protection layer 90,
amulti layer structure including an inorganic film 92 such as
a silicon nitride film or a multilayer film constituted by a
silicon oxide film and a nitride film, an organic resin film 94
formed of an acrylic resin or the like, and an inorganic film
96 such as a silicon nitride film or a multilayer film consti-
tuted by a silicon oxide film and a nitride film is employed.
[0055] As shown in FIG. 3, a part of the upper electrode
film 84 is provided, ranging from the upper surface to the
lateral surface of the organic insulating film 82. The upper
surface of the electrically conductive film 81 provided on the
lower surface of the organic insulating film 82, and the lower
surface of the upper electrode film 84 are electrically con-
nected to each other in the area where the organic insulating
film 82 is not formed.

[0056] In the frame area 44 shown in FIG. 3, in order to
avoid exposing the upper electrode film 84 at the end surface
of the display panel 40, the opening width of a mask used at
the time of forming the upper electrode film 84 may be
adjusted so that, for example, the upper electrode film 84 is
arranged only in the display area 42 and is not arranged in
the frame area 44.

[0057] FIG. 4 is a schematic vertical cross-sectional view
showing the display panel 40, taken along IV-IV shown in
FIG. 2, that is, at a position where the through hole 200A is
provided in the display area 42. As shown in FIG. 4, the
through hole 200A penetrates the array substrate 50 and the
upper electrode film 84, and a part of the upper electrode
film 84 is exposed at the inner surface of the through hole
200A. In this embodiment, since the upper electrode film 84
is formed substantially in the entirety of the display area 42,
as described above, apart of the upper electrode film 84 is
exposed at the inner surface of the through hole 200 formed
in the display area 42.

[0058] In this embodiment, the surface of the upper elec-
trode film 84 exposed at this through hole 200 is oxidized.
Thus, an oxidized part 84A is exposed at the inner surface
of the through hole 200. As a method for forming the
oxidized part 84A, for example, a laser beam is irradiated at
the time of forming the through hole 200 in the display area
42. In this process, the through hole 200 is formed and at the
same time the surface of the upper electrode film 84 exposed
at the inner surface of the through hole 200 is oxidized by
the heat of the laser beam, thus forming the oxidized part
84A.

[0059] The method for forming the oxidized part 84A is
not limited to the irradiation with a laser beam. For example,
after the through hole 200 is mechanically formed, the inner
surface of the through hole 200 may be heat-treated to form
the oxidized part 84A.

[0060] With such a configuration, the oxidized part 84A
suppresses infiltration of moisture film 84 from the inner
surface of the through hole 200 via the upper electrode.
Thus, the occurrence of a defect in the organic electrolumi-
nescence layer can be suppressed.

[0061] Since a manufacturing method in which the upper
electrode film 84 is formed by a single film forming process
using a single mask is employed, improved quality of the
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upper electrode film 84 can be expected. That is, while it is
possible to suppress infiltration of moisture by using a
plurality of film forming processes using a plurality of
masks and thus forming the upper electrode film 84 in which
the area to form the through hole 200 is removed in advance
so that the upper electrode film 84 is not exposed at the
through hole 200, such a manufacturing method may result
in a plurality of upper electrode films 84 ovetlapping each
other in a boundary area due to misalignment in film
formation or the like. If a plurality of upper electrode films
84 overlap each other at apart, the film thickness at that part
becomes thick. Meanwhile, a manufacturing method which
includes forming the upper electrode film 84 over a plurality
of pixels by a single film forming process using a single
mask and subsequently the step of providing the through
hole 200 and the step of providing the oxidized part 84A, as
in this embodiment, can achieve the state where the upper
electrode film 84 has a shape as a single film that surrounds
the peripheries of the through hole 200, as shown in FIG. 2,
and where the upper electrode film 84 exposed at the inner
surface of the through hole 200 is oxidized. As a result, both
improved quality of the upper electrode film 84 and a
configuration to suppress infiltration of moisture can be
achieved. As described above, the step of providing the
through hole 200 and the step of providing the oxidized part
84 A may be carried out simultaneously or as separate steps.
[0062] A person skilled in the art can readily think of
various changes and modifications within the technical
scope of the invention. Such changes and modifications
should be understood as being within the scope of the
invention. For example, addition, deletion or design change
of a component, or addition, omission or condition change
of a process, made by a person skilled in the art to each of
the embodiments, is included in the scope of the invention,
provided that it has essential features of the invention.
What is claimed is:
1. A display device comprising:
a display panel having a through hole in a display area
including a plurality of pixels,
wherein the display panel includes
a substrate, and
an organic light-emitting diode including a first electrode
provided above the substrate for each of the pixels, a
second electrode provided over the plurality of pixels,
and an organic electroluminescence layer arranged
between the first electrode and the second electrode,
the through hole penetrates at least the second electrode,
and

May 30, 2019

the second electrode includes an oxidized part exposed at

an inner surface of the through hole.

2. The display device according to claim 1, wherein

the through hole also penetrate the substrate.

3. The display device according to claim 1, wherein

the second electrode has a shape as a single film that

surrounds peripheries of the through hole.

4. The display device according to claim 1, further com-
prising:

a pixel circuit provided in the pixels;

a video signal line which supplies a voltage corresponding

to a video signal, to the pixel circuit; and
a scanning signal line which applies a voltage to a lighting
thin-film transistor included in the pixel circuit,

wherein the video signal line and the scanning signal line
arranged next to the through hole are curved to detour
around the through hole.

5. The display device according to claim 1, wherein

a structure other than the display panel is arranged at a

position corresponding to the through hole.

6. The display device according to claim 5, wherein

the structure include at least one of camera, earphone, and

microphone.

7. A method of manufacturing a display device that
includes a display panel having a display area including a
plurality of pixels, the method comprising:

forming an organic light-emitting diode which includes a

first electrode provided above a substrate for each of
the pixels, a second electrode provided over the plu-
rality of pixels, and an organic electroluminescence
layer arranged between the first electrode and the
second electrode;

providing a through hole which exposes a part of the

second electrode, in the display area; and

oxidizing apart of the second electrode exposed at an

inner surface of the through hole.

8. The method for manufacturing the display device
according to claim 7, wherein

a laser beam is irradiated in the display area, thus simul-

taneously carrying out

the providing the through hole, and

the oxidizing a part of the second electrode.

9. The method of manufacturing the display device
according to claim 7, wherein

the second electrode is formed by a single film forming

process using a single mask.

* ok % % ¥



patsnap

TREBHR(OF) EREBEMHEL "RRENS L

[F(2E)F US20190165080A1 [ (r&)B 2019-05-30

RiES US16/204031 B H 2018-11-29
FRIBE(FEFROAF) HALLARERSE

B (TR AGE) HZAERINC.

HHBE(ERR)AE) BERETRINC.

HRIZBBA ITO MASATO

-3 PN ITO, MASATO

IPCH%E HO1L27/32 G09G3/3225 HO5K1/18 HO1L51/56 HO1L51/52

CPCH#%%5 HO1L27/3276 H01L27/3246 G09G3/3225 HO5K1/189 HO1L51/56 HO1L51/5237 H01L51/5203 HO1L27

/3225 HO5K2201/10128 G09G3/3233 HO1L27/3258 HO1L51/5246 HO1L51/5253

k51X 2017228569 2017-11-29 JP
SNEBEEE Espacenet USPTO
RER)

REXAZAXRLFANE FRESEETER , ZETEARESES MR
ZENERXHFEREL, ERERESFERNEINLL-RE , G
RX-RESE  F—BR , REESMRENERLSE-8N , &
BESMRELURBHEHEKE , REEE - BRAF -2z
Ho FoBif. BAELFEF 8 , -8 RNOBEREBTEANR
ERNELED.

] b
BUN KM 0 0 8 g 2
R — ‘ [ f
SRRV b /
\\‘ \‘ \ \ \ \ ) /0 | |
AR VNN / /

N/ \[H\ \
T AT ' T Nooa
[fen0seleesr 7\ |
n| @8 BT n

30


https://share-analytics.zhihuiya.com/view/fbec63b8-2c5d-4a5b-9466-947abf8cdfbf
https://worldwide.espacenet.com/patent/search/family/066633493/publication/US2019165080A1?q=US2019165080A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190165080%22.PGNR.&OS=DN/20190165080&RS=DN/20190165080

