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Fig. 13
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2017-199366 filed on Oct. 13, 2017, and PCT Appli-
cation No. PCT/JP2018/029478 filed on Aug. 6, 2018, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

[0002] One embodiment of the present invention relates to
the configuration of a display region in a display device.

BACKGROUND

[0003] Conventionally, an organic EL display device (Or-
ganic Electroluminescence Display Device) in which an
organic electroluminescent material (an organic EL mate-
rial) is used for a light-emitting element (an organic EL
device) of a display section has been known as a display
device. There is known an organic EL (electroluminescence)
display device in which a light emitting element formed by
using an organic electroluminescent material is arranged on
a display part as a conventional display device. The organic
EL display device, unlike Liquid Crystal Display Device and
the like, is a so-called self-luminous type display device that
realizes displays by causing the organic EL material to emit
light.

[0004] In recent vears, in such an organic EL display
device, a deformable display in which a through hole is
opened in a display region has been developed. For example,
Patent Literature 1 (Japanese Laid-Open Patent Publication
No. 2014-235790) discloses an organic EL display device in
which a through hole penetrating a display panel is provided
in a display region as a vehicle-use display meter. Patent
Literature 2 (Japanese Laid-Open Patent Publication No.
2010-179885) discloses a display panel used for a pointer
board by providing an opening in a display portion of the
display and arranging a needle in the opening.

SUMMARY

[0005] A display device according to an embodiment of
the present invention has a first substrate, a display region
provided with a plurality of pixels on the first substrate, each
of the plurality of pixels including a light-emitting element,
a driving circuit provided along a first direction of the
display region on the first substrate, a sealing film covering
the display region, and stacking a first inorganic insulating
layer, an organic insulating layer, and a second inorganic
insulating layer in order from the light-emitting element, a
second substrate on the sealing film, a through hole provided
in the first substrate, the display region, and the second
substrate; and a first region surrounding the through hole. A
width from an end of an opening of the through hole to the
plurality of pixels in a second direction intersecting the first
direction is greater than a width from an end of the first
substrate to an end of the driving circuit in the second region.
The first region includes a second region in which the first
inorganic insulating layer and the second inorganic insulat-
ing layer are provided in contact with each other.

[0006] A display device according to an embodiment of
the present invention has a first substrate, a display region
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provided with a plurality of pixels on the first substrate, each
of the plurality of pixels including a light-emitting element,
a driving circuit provided along a first direction of the
display region on the first substrate, a sealing film covering
the display region, and stacking a first inorganic insulating
layer, an organic insulating layer, and a second inorganic
insulating layer in order from the light-emitting element, a
second substrate on the sealing film, a notch provided in the
first substrate, the display region, and the second substrate,
and a first region surrounding the notch. A width from an end
of the notch to the plurality of pixels in a second direction
intersecting the first direction is greater than a width from an
end of the first substrate to an end of the driving circuit in
the second region. The first region includes the second
region in which the first inorganic insulating layer and the
second inorganic insulating layer are provided in contact
with each other.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a schematic view showing the configu-
ration of a display device according to an embodiment of the
present invention;

[0008] FIG. 2 is a diagram showing a pixel circuit of the
display device according to an embodiment of the present
invention;

[0009] FIG. 3 is a schematic view showing the configu-
ration of the display device according to an embodiment of
the present invention;

[0010] FIG. 4 is an enlarged view of a part of the display
device shown in FIG. 3;

[0011] FIG. 5 is an enlarged view of a part of the display
device shown in FIG. 3;

[0012] FIG. 6 is a cross-sectional view taken along line
A1-A2 of the display region shown in FIG. 5;

[0013] FIG. 7 is a cross-sectional view taken along line
B1-B2 of the display region shown in FIG. 5;

[0014] FIG. 8 is a cross-sectional view taken along line
C1-C2 of the display region shown in FIG. 5;

[0015] FIG. 9 is a cross-sectional view taken along line
D1-D2 of the display region shown in FIG. 5;

[0016] FIG. 10 is a cross-sectional view taken along line
D1-D2 of the display region shown in FIG. 5;

[0017] FIG. 11 is a cross-sectional view taken along line
E1-E2 of the display region shown in FIG. 5;

[0018] FIG. 12 is a cross-sectional view taken along line
F1-F2 of the display region shown in FIG. 5;

[0019] FIG. 13 is a method for producing the display
device according to one embodiment of the present inven-
tion;

[0020] FIG. 14A s a planar view of a mask for the method
for producing the display device according to one embodi-
ment of the present invention;

[0021] FIG. 14B is a planar view of a mask for the method
for producing the display device according to one embodi-
ment of the present invention;

[0022] FIG. 15Ais a planar view of a mask for the method
for producing the display device according to one embodi-
ment of the present invention;

[0023] FIG. 15B is a planar view of a mask for the method
for producing the display device according to one embodi-
ment of the present invention;

[0024] FIG. 16 is a cross-sectional view taken along line
B1-B2 of the display region shown in FIG. 5;
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[0025] FIG. 17 is a cross-sectional view taken along line
F1-F2 of the display device region shown in FIG. 5;
[0026] FIG. 18 is a planar view of a mask for the method
for producing the display device according to one embodi-
ment of the present invention,

[0027] FIG. 19 is a schematic view showing the configu-
ration of the display device according to one embodiment of
the present invention;

[0028] FIG. 20 is an enlarged view of a part of the display
device shown in FIG. 19;

[0029] FIG. 21 is an enlarged view of a part of the display
device shown in FIG. 19;

[0030] FIG. 22 is a cross-sectional view taken along line
G1-G2 of the display region shown in FIG. 21;

[0031] FIG. 23 is a schematic view showing the configu-
ration of the display device according to one embodiment of
the present invention;

[0032] FIG. 24 is a schematic view showing the configu-
ration of the display device according to one embodiment of
the present invention;

[0033] FIG. 25 is a cross-sectional view taken along line
H1-H2 of the display region shown in FIG. 24; and

[0034] FIG. 26 is a cross-sectional view taken along line
B1-B2 of the display region shown in FI1G. 24.

DESCRIPTION OF EMBODIMENTS

[0035] Embodiments of the present invention will be
described below with reference to the drawings and the like.
However, the present invention can be implemented in
various modes without departing from the gist thereof, and
should not be construed as being limited to the description
of the following embodiments. In addition, although the
width, thickness, shape, and the like of each portion may be
schematically represented as compared with actual embodi-
ments in order to clarify the description with respect to the
drawings, these schematic diagrams are merely examples
and do not limit the interpretation of the present invention.
In addition, in the present specification and each of the
drawings, the same or similar elements as those described
with reference to the preceding drawings are denoted by the
same reference numerals, and a repetitive description
thereof may be omitted.

[0036] In an embodiment of the present invention, when a
film is processed to form a plurality of films, the plurality of
films may have different functions and roles. However, these
plural films are derived from films formed as the same layer
in the same process, and have the same layer structure and
the same material. Therefore, the plurality of films is defined
as being present in the same layer.

[0037] In this specification, expressions such as “upper”
and “lower” in the description of the drawings represent the
relative positional relationship between the structure of
interest and other structures. In this specification, in a side
view, a direction from first substrate to pixel electrode,
which will be described later, is defined as “upper” and the
opposite direction is defined as “lower”. In the present
specification and claims, when expressing a mode of arrang-
ing another structure on a certain structure, it is intended to
include both the case of arranging the other structure directly
above the structure so as to be in contact with the certain
structure and the case of arranging the other structure above
the certain structure via the still another structure, unless
otherwise specified.
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[0038] When the organic EL element included in organic
EL display device is exposed to the air, moisture and oxygen
in the air cause degradation of the light emitting layer and
cathodes including the organic EL materials and the perfor-
mance of the element to be deteriorated. When a through
hole penetrating through a display panel is formed as
disclosed in Japanese Laid-Open Patent Publication No.
2014-235790, moisture and oxygen enters the display panel
from a region on which a through hole is formed, thereby
deteriorating the organic EL element and reducing the
reliability of organic EL display device.

[0039] It is an object of one embodiment of the present
invention to provide a display device with increased flex-
ibility in visual design. It is another object of an embodiment
of the present invention to provide a highly reliable display
device by preventing moisture and oxygen from entering the
organic EL device.

[0040] FIG. 1is a schematic view showing a configuration
of a display device 100 according to an embodiment of the
present invention, and shows a schematic configuration
when the display device 100 is a planar view. In this
specification and the like, a state in which the display device
100 is viewed from a direction perpendicular to a screen
(display region) is referred to as “planar view”.

[0041] As shown in FIG. 1, the display device 100
includes a display region 103, a driving circuit 104, a driver
IC 106, and a substrate 102 formed on a substrate 101.
[0042] A plurality of pixels 109 is arranged in the display
region 103. Each pixel 109 includes a light-emitting element
having a pixel electrode (also referred to as an anode), an
organic layer (light-emitting portion) including a light-
emitting layer stacked layer on the pixel electrode, and a
common electrode (also referred to as a cathode), and a pixel
circuit connected to the pixel electrode. A plurality of
transistors is provided in the pixel circuit. As the transistor,
a thin film transistor (Thin Film Transistor: TFT) is typically
usable. The transistor is not limited to a thin film transistor,
and may be any element having an electric current control
function.

[0043] The driving circuit 104 is provided along the first
direction (the y-direction in FIG. 1) of the display region
103. The driver IC 106 is provided along a second direction
(x-direction in FIG. 1) intersecting with the first direction.
The driving circuit 104 is connected to a scanning line
connected to the pixel 109 and functions as a scanning line
driving circuit. In addition, the driver IC 106 is connected to
a signal line connected to the pixel 109, and incorporates a
signal line driving circuit. Each pixel 109 is supplied with a
video signal according to the image data from the driver IC
106 via the signal line. Further, a signal for selecting each
pixel 109 is supplied from the driver IC 106 to each of the
pixel 109 via the driving circuit 104 and scanning line. With
these signals, the transistor included in the pixel circuit can
be driven to display images in accordance with the image
data. Although, in F1G. 1, the driver IC 106 incorporates the
signal line driving circuit, the signal line driving circuit may
be provided separately from the driver IC 106.

[0044] The driver IC 106 may be provided on the substrate
101 in a form of an IC-chip, or may be provided on a flexible
printed circuit board 108. The flexible printed circuit board
108 is connected to a terminal 107 provided in the substrate
101. In addition, in the substrate 101, a region where the
driving circuit 104, the driver IC 106, and the terminal 107
are provided so as to surround the display region 103 is a
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peripheral region 110. The peripheral region 110 surrounds
the display region 103 from four sides.

[0045] As shown in FIG. 1, the display region 103 is
provided with: a plurality of scanning lines 141 and a driving
power supply line 143 provided along first direction; and a
plurality of signal lines 142 and a reference power supply
line 144 provided along a second direction intersecting the
first direction. The pixel 109 connected to the scanning line
141, the signal line 142, the driving power supply line 143,
and the reference power supply line 144 are arranged in a
matrix. Hach pixel 109 is supplied with a video signal
corresponding to image data from the driver IC 106 via the
signal line 142. In addition, a signal for selecting each pixel
109 is supplied from the driver IC 106 to each pixel 109 via
the driving circuit 104 and the scanning line 141. With these
signals, the transistor included in the pixel circuit can be
driven to perform display images in accordance with the
image data. Although FIG. 1 shows a state in which pixels
are arranged in 4 rowsx4 columns, actually, several million
pixels are arranged in a matrix.

[0046] FIG. 2 shows the pixel circuit of the pixel 109
provided in the display region 103. The pixel 109 includes
at least a transistor 210, a transistor 220, a light-emitting
element 230, and a storage capacitor 240.

[0047] The transistor 210 functions as a drive transistor.
That is, the transistor is connected to the light-emitting
element 230 and controls the luminance of the light-emitting
element 230. The transistor 210 has a gate connected to the
transistor 220, a source connected to the driving power
supply line 143, and a drain connected to the pixel electrode
of the light-emitting element 230. The drain current of the
transistor 210 is controlled by a gate-source voltage.
[0048] The transistor 220 functions as a selection transis-
tor. That is, the transistor 220 controls the conduction
between the signal line 142 and the gates of the transistor
210. The transistor 220 has the gate connected to the
scanning line 141, the source connected to the signal line
142, and the drain connected to the gate of the transistor 210.
[0049] The light-emitting element 230 has the pixel elec-
trode connected to the drain of the transistor 210 and a
common electrode connected to the reference power supply
line 144.

[0050] The storage capacitor 240 has a first electrode
connected to the source of the transistor 210 and a second
electrode connected to the gate of the transistor 210. Thus,
the storage capacitor 240 holds the gate-source voltages of
the transistor 210.

[0051] The display device 100 according to this embodi-
ment includes at least one through hole in the display region
103. In FIG. 3, a through hole 111, a through hole 112, and
a through hole 113 are provided at three positions of the
display region 103. The through hole 111 passes through the
substrate 101, the display region 103, and the substrate 102.
The through hole 112 and the through hole 113 pass through
the substrate 101, the display region 103, and the substrate
102 as same as the through hole 111.

[0052] FIG. 4 shows an enlarged view of a region 120
shown in FIG. 1. The region 120 includes the display region
103, the driving circuit 104, the through hole 111, and a
region 121 surrounding the through hole 111. The region 121
surrounding the through hole 111 refers to a region sur-
rounded by the edge of the opening of the through hole 111
and the plurality of pixels 109 in planar view. In the display
region 103, the plurality of pixels 109 is arrayed in a matrix.
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[0053] FIG. 5 is a diagram in which the plurality of
scanning lines 141 and the plurality of signal lines 142 are
added to the enlarged view of the region 120 shown in FIG.
4. The plurality of scanning lines 141 is electrically con-
nected to the pixel 109, and the signal line 142 is electrically
connected to the pixel 109.

[0054] As shown in FIG. 5, in the region 121 surrounding
the through hole 111, the plurality of scanning lines 141 is
connected to the left and right pixels 109 with respect to the
through hole 111, bypassing the through hole 111. The
plurality of signal lines 142 is also connected to the upper
and lower pixels 109 with respect to the through hole 111,
bypassing the through hole 111. As a result, even when the
through hole pass through the substrate 101 and the substrate
102 is provided in the display region 103, the video signal
can be normally output to the display region 103.

[0055] As shown in FIG. 5, a width t1 of the region 121
in the second region (in the x-direction in FIG. 4) is larger
than a width t2 from an end of the substrate 101 to an end
of the pixel 109 in the first direction. Depending on the area
of the through hole 111, the region 121 surrounding the
through hole 111 is provided with wirings of several tens to
hundreds, by bypassing the through hole 111, whereas the
width from the ends of the substrate 101 to ends of the
driving circuit 104 are provided with wirings of several to
tens or so, and the transistor of the driving circuit 104 or the
like. This is because the width t1 is larger than the width 2
even if the layout area of the transistor or the like is
considered because the wirings of several times or more of
the number of wirings arranged in the region of the width t2
are provided in the region of the width t1.

<Configuration of the Pixel>

[0056] Next, the configuration of the pixel 109 of the
display device 100 will be described with reference to FIG.
6.

[0057] FIG. 6 shows a cross-sectional view taken along an
A1-A2 line of the display device 100 shown in FIG. 5. FIG.
6 shows a cross-section of the three pixels 109.

[0058] As shown in FIG. 6, the display device 100
includes the substrate 101, a substrate 212, and the substrate
102. Usable as the substrate 101, the substrate 102, and the
substrate 102 may be a glass substrate, a silica substrate, a
flexible substrate (polyimides, polyethylene terephthalate,
polyethylene naphthalate, triacetyl cellulose, cyclic olefin
copolymers, cycloolefin polymers, and other flexibility bear-
ing resins substrates). In the case where the substrate 101,
the substrate 212, and the substrate 102 do not need to be
translucent, the substrate 101, the substrate 212, and the
substrate 102 may be a metallic substrate, a ceramic sub-
strate, or a semiconducting substrate. In this embodiment, a
case where polyimide is used as the substrate 101, and
polyethylene terephthalate is used as the substrate 212 and
the substrate 102.

[0059] An under film 213 is provided on the substrate 101.
The under film 213 is an insulating film composed of
inorganic materials such as silicon oxide, silicon nitride, and
aluminum oxide. The under film 213 is not limited to a
single layer, and may include, for example, a stacked struc-
ture in which a silicon oxide layer and a silicon nitride layer
are combined. This configuration may be appropriately
determined considering the adhesion to the substrate 101
and the gas-barrier property to the transistor 210, which will
be described later.
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[0060] The transistor 210 is provided on the under film
213. The transistor 210 may be used to either in a top-gate
type or a bottom-gate type. In FIG. 1, the transistor 210 is
the top-gate type, and the transistor 210 includes a semi-
conductor layer 214 provided on the under film 213, a gate
insulating film 215 covering the semiconductor layer 214,
and a gate electrode 216 provided on the gate insulating film
215. In addition, an interlayer insulating film 222 covering
the gate electrode 216 is provided on the transistor 210. In
addition, a source or drain electrode 217 and a source or
drain electrode 218 are provided on the interlayer insulating
film 222. Each of the source or drain electrodes 217 and 218
is connected to the semiconductor layer 214. In this embodi-
ment, the interlayer insulating film 222 has a single-layer
structure. Alternatively, the interlayer insulating film 222
may have a stacked structure.

[0061] Note that a material of each layer included in the
transistor 210 may be a known material and is not particu-
larly limited. For example, usable as the semiconductor
layer 214 may typically be polysilicon, amorphous silicon,
or oxide semiconductor. Usable as the gate insulating film
215 may be silicon oxide or silicon nitride. The gate
electrode 216 is formed of a metal material such as copper,
molybdenum, tantalum, tungsten, aluminum, or the like.
Usable as the interlayer insulating film 222 may be silicon
oxide or silicon nitride. Each of the source or drain elec-
trodes 217 and 218 is formed of a metallic material such as
copper, titanium, molybdenum, aluminum, or the like.
[0062] Although not shown in FIG. 6, the scanning line
141 is formed of the same metal material as the metal
material forming the gate electrode 216 can be provided in
the same layer as the gate electrode 216. Also, although not
shown in FIG. 6, the signal line 142 extending in a direction
intersecting with the scan line 141 can be provided in the
same layer as the source or drain electrode 217 and the
source or drain electrode 218.

[0063] A planarization film 223 is provided over the
transistor 210. The planarization film 223 includes an
organic resin material. As the organic resin material, for
example, a known organic resin material such as polyimide,
polyamide, acrylic, or epoxy can be used. The planarization
film 223 of such a material may be formed by a solution
application method, and have a high effect of flattening.
Although not specifically shown, the planarization film 223
is not limited to having a single-layer structure, and may
have a stack structure of an organic insulating layer and an
inorganic insulating layer.

[0064] The planarization film 223 has a contact hole
exposing a part of the source or drain electrode 218. The
contact hole is an opening for electrically connecting a pixel
electrode 225 described below and the source or drain
electrode 218. Therefore, the contact hole is provided so as
to overlap with a part of the source or the drain electrode
218. In bottom surface of the contact hole, the source or
drain electrode 218 is exposed.

[0065] A transparent conductive layer 219 is provided in
the contact hole provided in the planarization film 223. The
transparent conductive layer 219 overlaps with the contact
hole of the planarization film 223 and is electrically con-
nected to the source or drain electrode 218 exposed at
bottom surface of the contact hole. Usable as the transparent
conductive layer 219 may be an indium-oxide-based trans-
parent conductive layer (e.g., ITO) or a zinc-oxide-based
transparent conductive layer (e.g., [ZO, ZnO).
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[0066] In addition, a conductive layer 221 is provided on
the planarization film 223. The conductive layer 221 may be
formed of materials similar to the source or drain electrode
217 and the source or drain electrode 218 and may be
formed of, for example, a three-layer construction of molyb-
denum, aluminum, and molybdenum. The conductive layer
221 is used to form a leading wiring in the peripheral region
110 and an additional capacity element in the pixel 109. By
providing the transparent conductive layer 219 over the
source or drain electrode 218, the source or drain electrode
218 can be protected from patterning in forming the con-
ductive layer 221.

[0067] An inorganic insulating layer 224 is provided on
the transparent conductive layer 219. A silicon nitride film or
the like is preferably used as the inorganic insulating layer
224. A contact hole is formed in the inorganic insulating
layer 224 in a region where the source or drain electrode 218
and the transparent conductive layer 219 overlap with each
other.

[0068] The pixel electrode 225 is provided on the inor-
ganic insulating layer 224. The pixel electrode 225 is
connected to the transparent conductive layer 219 via the
contact hole provided in the inorganic insulating layer 224.
Thus, the pixel electrode 225 is electrically connected to the
source or drain electrode 218. In the display device 100
according to this embodiment, the pixel electrode 225 func-
tions as an anode in the light-emitting element 230. The
pixel electrode 225 has a different structure depending on
whether it is a top emission type or a bottom emission type.
For example, in the case where the display device 100 is of
the top emission type, the pixel electrode 225 is formed of
a metal material having a high reflectance or formed to have
a stack structure of a transparent conductive layer having a
high work function such as an indium oxide-based trans-
parent conductive layer (i.e., ITO), a zinc oxide-based
transparent conductive layer (i.e., IZO, ZnO) or the like and
ametal film. On the other hand, in the case where the display
device 100 is of the bottom emission type, the pixel elec-
trode 225 is formed of any of the above-listed transparent
conductive layers. In this embodiment, the display device
100 is of a top emission type organic EL display device will
be exemplified. Further, the conductive layer 221, the inor-
ganic insulating layer 224, and the pixel electrode 225 can
form an additional capacitor.

[0069] In this embodiment, the structure in which the
transparent conductive layer 219 is provided in the contact
hole has been described. The present invention is not limited
to this. Without providing the transparent conductive layer
219 in the contact hole, the source or drain electrode 218
may be directly connected to the pixel electrode 225 in the
contact hole. The conductive layer 221 and the inorganic
insulating layer 224 may be omitted.

[0070] An insulating layer 226 form of an organic resin
material is provided on the pixel electrode 225. Usable as the
organic resin material may be formed of a known resin
material such as polyimide, polyamide, acrylic, epoxy, or
siloxane. The insulating layer 226 has the opening on a
portion of the pixel electrode 225. The insulating layer 226
is provided between the pixel electrode 225 adjacent to each
other so as to cover an end portion (an edge portion) of the
pixel electrode 225, and functions as a member for separat-
ing the adjacent the pixel electrode 225. Therefore, the
insulating layer 226 is generally referred to also as a
“barrier” and a “bank”. A part of the pixel electrode 225
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exposed from the insulating layer 226 serves as a light
emitting region of the light-emitting element 230. The
opening of the insulating layer 226 is preferably formed
such that the inner wall has a tapered shape. As a result, this
may decrease a coverage fault in the edge of the pixel
electrode 225 at the time of formation of an organic layer
described below. The insulating layer 226 may not only
cover the end of the pixel electrode 225 but may also
function as a filler for filling a concave portion cause by the
contact hole included in the planarization film 223. The
planarization film 223 has a region in contact with the
insulating layer 226 through an opening provided in the
inorganic insulating layer 224. This is an opening for
extracting water and degassed from the planarization film
223 by the heat treatment through the insulating layer 226.
[0071] An organic layer 227 is provided on the pixel
electrode 225. The organic layer 227 has the light-emitting
layer formed of at least organic materials and functions as a
light-emitting portion of the light-emitting element 230. The
organic layer 227 may include various charge transport
layers such as a hole injection layer and/or a hole transport
layer, an electron injection layer and/or an electron transport
layer, in addition to the light emitting layer. The organic
layer 227 is provided so as to cover the light emitting region,
that is, to cover the opening of the insulating layer 226 in the
light emitting region.

[0072] In this embodiment, the organic layer 227 includes
the light-emitting layer that emits light of a desired color,
and the organic layer 227 including the different light-
emitting layer is formed over each of the pixel electrode 225
so that each color of R, G, and B is displayed. That is, in this
embodiment, the light emitting layer of the organic layer 227
1s discontinuous between the adjacent pixel electrodes 225.
Although not shown, the hole injection layer and/or the hole
transport layer, the electron injection layer and/or the elec-
tron transport layer may be continuously provided between
adjacent the pixel electrode 225. Usable as the organic layer
227 may be a well-known structure or a well-known mate-
rial, and the structure is not particularly limited to the
structure of this embodiment. In addition, the organic layer
227 may have the light emitting laver that emits white light,
and may display each color of R, G, and B through a color
filter. In the case, the organic layer 227 may also be provided
on the insulating layer 226.

[0073] A common electrode 228 is provided on the
organic layer 227 and the insulating layer 226. The common
electrode 228 functions as the common cathode constituting
the light-emitting element 230. Since the display device 100
of this embodiment is of the top emission type, a transparent
electrode is used as the common electrode 228. Usable as the
thin film constituting the transparent electrode may be an
MgAg thin film or the transparent conductive layer (ITO or
170). The common electrode 228 is also provided on the
insulating layer 226 across the respective pixel 109. The
common electrode 228 is electrically connected to the
external terminal via a lower conductive layer in a peripheral
region near the end of the display region 103. As described
above, in this embodiment, the light-emitting element 230 is
configured by the part (anode) of the pixel electrode 225
exposed from the insulating layer 226, the organic layer 227
(light-emitting portion), and the common electrode 228
(cathode).

[0074] As shown in FIG. 6, an inorganic insulating layer
231, an organic insulating layer 232, and an inorganic
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insulating layer 233 are provided over the display region
103. The inorganic insulating layer 231, the organic insu-
lating layer 232, and the inorganic insulating layer 233
function as a sealing film for preventing moisture and
oxygen from entering the light-emitting element 230. By
providing the sealing film over the display region 103, entry
of water and oxygen into the light-emitting element 230 can
be prevented, so that the reliability of the display device can
be improved. Usable as the inorganic insulating layer 231
and the inorganic insulating layer 233 may be, for example,
silicon nitride (Si,N), silicon oxide nitride (SiO,N ), silicon
nitride (SiN,O, ), aluminum oxide (A1, O, ). aluminum nitride
(ALN,), aluminum oxide nitride (ALO,N,), such as alumi-
num nitride (A1 N,0,) (X, y. z is optional). Further, usable as
the organic insulating layer 232 may be a polyimide resin,
acrylic resin, epoxy resin, silicone resin, fluororesin, silox-
ane resin or the like. Note that the sealing film is not limited
to the three layers of the inorganic insulating layer 231, the
organic insulating layer 232, and the inorganic insulating
layer 233 described above, and may be configured by
appropriately combining inorganic insulating layer and
organic insulating layer.

[0075] Compared to the inorganic material, the organic
material tend to provide a route for the entry of moisture and
oxygen. Therefore, it is preferred that the organic material is
not exposed in a region where the display device 100 comes
into contact with air. However, the inorganic material has a
lower flexibility than the organic material, so that cracks are
likely to occur. This crack may be a path for moisture and
oxygen to enter.

[0076] Therefore, the organic insulating layer 232 is pro-
vided at least in a region where the light-emitting element
230 is provided, and in other regions, the inorganic insulat-
ing layer 231 and the inorganic insulating layer 233 are
provided in contact with each other. The display device 100
can suppress entry of moisture and oxygen while maintain-
ing flexibility. In the display device 100, an adhesive mem-
ber 234 made of an organic material is used for bonding an
array substrate 140 and the substrate 102. Even if moisture
or oxygen enters the display region 103 from the adhesive
member 234, the sealing film can prevent entry of the
light-emitting element.

[0077] As described above, in this specification and the
like, the structure from the substrate 101 to the inorganic
insulating layer 233 (sealing film) are referred to as the array
substrate 140.

[0078] The adhesive member 234 is provided on the
inorganic insulating layer 233. Usable as the adhesive mem-
ber 234 may be for example, an acrylic-based, rubber-based,
silicone-based, or urethane-based adhesive member. The
adhesive member 234 may contain a water absorbing sub-
stance such as calcium, zeolites, or the like. The watet-
absorbing substance contained in the pressure-sensitive
adhesive member 234 may delay arrival of moisture to the
light emitting element 230 even if the moisture enters the
inside of the display device 100. Further, a spacer may be
provided in the adhesive member 234 to secure a gap
between the substrate 101 and the substrate 102. Such the
spacer may be mixed with the adhesive member 234 or may
be formed on the substrate 101 using resin or the like.
[0079] For example, the substrate 102 can be provided
with an overcoat layer for planarization. When the organic
layer 227 emits white light, the substrate 102 may be
provided with a color filter corresponding to each of RGB
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colors on a main surface (a surface facing the substrate 101)
and a black matrix provided between the color filters. When
the color filter is not formed on the substrate 102, for
example, the color filter may be formed directly on the
sealing film, and the adhesive member 234 may be formed
on the color filter.

[0080] A polarization plate 235 is provided on the rear
surface (display surface side) of the substrate 102. The
polarization plate 235 is, for example, a circular polarization
plate. The substrate 102 may be omitted, and the circular
polarization plate may be attached to array substrate via an
adhesive. In other words, the substrate 102 may be the circle
polarization plate.

<Region Including a Though Hole>

[0081] Next, the configuration of the region 121 surround-
ing the through hole 111 will be described, with reference to
FIG. 7 to FIG. 11.

[0082] FIG. 7 is a cross-sectional view taken along B1-B2
line of the display device 100 shown in FIG. 5. FIG. 7 shows
a cross-sectional view of the through hole 111, the region
121 surrounding the through hole 111, and the pixel 109.
[0083] As shown in FIG. 7, in the region 121 surrounding
the through hole 111, a conductive layer 243 is provided on
the gate insulating film 215. The conductive layer 243 is
formed from the same conductive film as the gate electrode
216 shown in FIG. 6. The interlayer insulating film 222 is
provided on the conductive layer 243. The interlayer insu-
lating film 222 has a region that is not provided at the
opening edge of the through hole 111. The plurality of signal
lines 142 bypassing the through hole 111 is provided on the
interlayer insulating film 222. A conductive layer 244 and
the conductive layer 243 are connected to each other through
an opening provided in the interlayer insulating film 222.
The plurality of signal lines 142 and the conductive layer
244 are formed of the same conductive film as the source or
drain electrode 217 and the source or drain electrode 218
shown in FIG. 6.

[0084] The planarization film 223 is provided on the
interlayer insulating film 222 and the signal line 142. In
addition, a protruding portion 245 protruding in a direction
toward the inorganic insulating layer 231 is provided on the
interlayer insulating film 222. The protruding portion 245 is
formed of the same materials as the planarization film 223.
In planar view, the plurality of protruding portions 245 is
provided along the outer periphery of the through hole 111.
One protruding portion 245 may be provided annularly
along the outer periphery of the through hole 111. One
protruding portion 245 may be provided annularly along the
outer periphery of the through hole 111 between the pro-
truding portion 245 and the through hole 111.

[0085] The inorganic insulating layer 224 is provided on
the planarization film 223. The inorganic insulating layer
224 is provided so as to cover the end portion of the
planarization film 223 and the protruding portion 245. By
providing the inorganic insulating layer 224 so as to cover
the end portion of the planarization film 223, water and
oxygen can be prevented from entering from the end portion
of the planarization film 223. As a result, the light emitting
element 230 included in the pixel 109 can be prevented from
being deteriorated by water and oxygen.

[0086] A conductive layer 247 is provided on the inor-
ganic insulating layer 224. The conductive layer 247 is
connected to the conductive layer 244 via the opening

Jul. 23,2020

provided in the inorganic insulating layer 224. The conduc-
tive layer 247 is formed of the same conductive film as the
pixel electrode 225. The insulating layer 226 is provided on
the inorganic insulating layer 224 and the conductive layer
247. The insulating layer 226 covers the end of the pixel
electrode 225 and the end of the conductive layer 247.
[0087] The common electrode 228 is provided on the
insulating layer 226, the conductive layer 247, and the
inorganic insulating layer 224. The common electrode 228 is
connected to the conductive layer 247. Thus, region where
the common electrode 228 and the conductive layer 247 are
connected is a cathode contact 260. The cathode contact 260
is provided to prevent the resistivity of the common elec-
trode 228 from increasing. By providing the cathode contact
260 in region of the through hole 111, it is possible to
suppress an increase in the resistivity of the common elec-
trode 228 around the through hole 111. The conductive layer
243 functions as a lead wiring.

[0088] On the common electrode 228, the inorganic insu-
lating layer 231, the organic insulating layer 232, and the
inorganic insulating layer 233 are provided in this order. The
inorganic insulating layer 231 is provided on the entire
surface of the region 121 surrounding the pixel 109 and the
through hole 111. The organic insulating layer 232 is pro-
vided in the vicinity of the light-emitting element 230 and
the protruding portion 245. The inorganic insulating layer
233 is provided on the organic insulating layer 232 and the
inorganic insulating layer 231.

[0089] The organic insulating layer 232 is provided in the
vicinity of the light-emitting element 230 and the protruding
portion 245. The inorganic insulating layer 231 is in contact
with the inorganic insulating layer 233 in a region from the
protrusion 245 to the edge of the opening of the through hole
111. A region where the inorganic insulating layer 231 and
the inorganic insulating layer 233 are in contact with each
other 1s referred to as a sealing region 122. The region where
the inorganic insulating layer 231 and the inorganic insu-
lating layer 233 are in contact with each other has higher
adhesiveness than region in which the inorganic insulating
layer 231 and the organic insulating layer 232 are in contact
with each other. Therefore, by providing the sealing region
122 in contact with the inorganic insulating layer 231 and
the inorganic insulating layer 233, moisture and oxygen can
be prevented from entering from the opening edge of the
through hole 111 while maintaining the flexibility of the
display device 100. In addition, the protruding portion 245
has a function of damming the organic insulating layer 232
when forming the organic insulating layer 232. Therefore,
the organic insulating layer 232 does not overlap with the
protruding portion 245.

[0090] In the sealing region 122, the common electrode
228 is provided near the opening edge of the through hole
111. When the end of the common electrode 228 is exposed
at an opening of the through hole 111, the common electrode
228 corrodes and the potential variation. Therefore, by
covering the end portion of the common electrode 228 with
the inorganic insulating layer 231, it is possible to suppress
the common electrode 228 from being corroded. In particu-
lar, when the common electrode 228 is formed by vapor
deposition, the density of the common electrode 228 is low,
and moisture and oxygen are easily transmitted. Therefore,
external oxygen or moisture may reach the organic layer 227
of the pixel via the common electrode 228 and adversely
affect the organic layer 227. As described above, by covering
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the edge of the common electrode 228 with the inorganic
insulating layer 231, the occurrence of this problem can be
suppressed.

[0091] FIG. 8 shows a cross-sectional view along C1-C2
line shown in FIG. 5. FIG. 8 is a cross-sectional view of the
region 121 surrounding the through hole 111. In C1-C2 line
shown in FIG. 8, the plurality of scanning lines 141 is
traversed.

[0092] As shown in FIG. 8, in the region 121 surrounding
the through hole 111, the conductive layer 243 and the
plurality of scanning lines 141 are provided on the gate
insulating film 215. Any of the plurality of scanning lines
141 may be provided below the sealing region 122 where the
inorganic insulating layer 231 and the inorganic insulating
layer 233 are in contact. The width t1 (see FIG. 4) of the
region 121 surrounding the through hole 111 can be reduced
by providing any of the scanning lines 141 under the sealing
region 122.

[0093] FIG. 9 shows a cross-sectional view along D1-D2
line shown in FIG. 5. FIG. 9 is a cross-sectional view of the
region 121 surrounding the through hole 111. D1-D2 line
shown in FIG. 5 cross the plurality of scanning lines 141 and
the plurality of signal lines 142.

[0094] As shown in FIG. 9, in the region 121 surrounding
the through hole 111, the conductive layer 243 and the
plurality of scanning lines 141 are provided on the gate
insulating film 215. The plurality of scanning lines 141 is
provided below the sealing region 122 in contact with the
inorganic insulating layer 231 and the inorganic insulating
layer 233. It is preferable that the scanning line 141 be
provided below the sealing region 122 because the width t1
(see FIG. 4) of the region 121 surrounding the through hole
111 can be further reduced.

[0095] As described above, the sealing region 122 pro-
vided in contact with the inorganic insulating layer 231 and
the inorganic insulating layer 233 is provided in the region
121 surrounding the through hole 111. As a result, moisture
and oxygen can be prevented from entering from the edge of
the opening of the through hole 111. As a result, the passage
of moisture and oxygen can be blocked, and thus may
decrease deterioration of the light emitting element 230.
Therefore, the reliability of the display device 100 can be
improved. Further, by providing the through hole 111 in the
display region 103, the external design of the display device
100 can be improved.

[0096] Also, in the region 121 surrounding the through
hole 111, by providing the cathode contact 260 between the
pixel 109 and the sealing region 122, it is possible to
suppress an increase in the resistivity of the common elec-
trode 228 in the region 121 around the through hole 111.

[0097] In a cross-sectional view of the display device 100
shown in FIGS. 7 to 9, the configuration in which the
cathode contact 260 is provided between the pixel 109 and
the sealing region 122 in the region 121 around the through
hole 111 is shown. The present invention is not limited
thereto. The cathode contact 260 need not be provided so as
to surround the through hole 111 but may be partially
provided in the region 121.

[0098] FIG. 10 shows an example in which a cross-
sectional view taken along the line D1-D2 shown in FIG. 5
which partially differs from a cross-sectional view shown in
FIG. 9. FIG. 10 differs from FIG. 9 in that the plurality of
scanning lines 141 and the plurality of the signal lines 142
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are provided in the sealing region 122. FIG. 10 shows an
embodiment in which the cathode contact 260 is not pro-
vided.

[0099] It is preferable to provide the plurality of scanning
lines 141 and the plurality of signal line 142 below the
sealing region 122 because the width t1 of the region 121
surrounding the through hole 111 can be made smaller. In
FIG. 10, although the plurality of scanning lines 141 and the
plurality of signal lines 142 are provided in the sealing
region 122, the present invention is not limited thereto. It
may be any of the plurality of scanning lines 141 or the
plurality of signal lines 142. In addition, an insulating film
236 such as an organic resin or an inorganic film having
moisture-proof properties and oxygen-proof properties may
be provided on side of the through hole 111. This may
further suppress the penetration of moisture and oxygen
from side of the through hole 111. Also, in FIGS. 7 to 10, the
insulating film 236 can be provided on side of the through
hole 111.

[0100] An inorganic insulating material or an organic
insulating material can be used as the insulating film 236.
Usable as the inorganic insulating material may be silicate
glass such as PSG (Phosphorus Silicon Glass) or BPSG
(Boron Phosphorus Silicon Glass). Usable as the organic
insulating material may be an acrylic resin or a styrenic
resin, and for example, Taffy made by Hitachi Chemical
Company, Ltd. is preferable. By providing the insulating
film 236, when components such as cameras and buttons are
passed through the through hole 111, damage can be pre-
vented when side of the through hole 111 contacts the
components.

[0101] FIG. 11 shows a cross-sectional view taken along
line E1-E2 shown in FIG. 5. FIG. 11 is a cross-sectional
view of the region 121 surrounding the through hole 111. In
line E1-E2 shown in FIG. 11, a cross-sectional view of the
peripheral region 110 from the pixel 109 and the pixel 109
to the end of the substrate 101 is shown.

[0102] As shown in FIG. 11, in the peripheral region 110,
a plurality of wiring layer 256 is provided on the gate
insulating film 215. For example, the plurality of wiring
layer 256 may have a function of connecting the driving
circuit 104 arranged on the left and right sides of the display
region 103 in FIG. 1.

[0103] As shown in FIG. 11, the cathode contact 260 is
provided in the peripheral region 110. In the sealing region
122, an end portion of a common electrode 288 is provided,
and an end portion of the common electrode 288 is covered
by the inorganic insulating layer 231 and the inorganic
insulating layer 233. As a result, moisture and oxygen can be
prevented from entering the display region 103 from the end
of the common electrode 288.

<Region from the End of the Substrate to the Driving
Circuit>

[0104] Next, referring to FIG. 12, the configuration of
region from the end of the substrate 101 to the driving circuit
104 will be described.

[0105] FIG. 12 shows a cross-sectional view taken along
line F1-F2 shown in FIG. 5. FIG. 12 shows a cross-sectional
view of the driving circuit 104 and a region 131 from the
driving circuit 104 to the end of the substrate 101.

[0106] As shown in FIG. 12, the driving circuit 104
includes a plurality of transistor 280 and a transistor 250 on
the under film 213. The transistor 280 and the transistor 250
may be provided in the same configuration as the transistor
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210 provided in the pixel 109. A conductive layer 251 and
a wiring layer 252 are provided on the gate insulating film
215. The wiring layer 252 has, for example, a function of
transmitting signals from the driver IC 106 to the driving
circuit 104. The conductive layer 251 and the wiring layer
252 may be formed of the same conductive film as the
scanning line 141.

[0107] The interlayer insulating film 222 is provided on
the transistor 280 and the transistor 250. The planarization
film 223 and a protruding portion 254 are provided on the
interlayer insulating film 222. The protruding portion 254
and a protruding portion 255 are formed of the same
materials as the planarization film 223.

[0108] The inorganic insulating layer 224 is provided on
the planarization film 223. The inorganic insulating layer
224 is provided so as to cover the end of the planarization
film 223, the protruding portion 254, and the protruding
portion 255. By providing the inorganic insulating layer 224
so as to cover the protruding portion 254 and the protruding
portion 255, hydrogen/oxygen can be prevented from enter-
ing from the end portion of the planarization film 223. As a
result, the light-emitting element 230 of the pixel 109 can be
prevented from being deteriorated by moisture and oxygen.
[0109] The insulating layer 226 is provided on the inor-
ganic insulating layer 224. The common electrode 228 is
provided on the insulating layer 226. The common electrode
228 is provided on the driving circuit 104 and is connected
to a conductive layer 253 through the contact hole provided
in the inorganic insulating layer 224. Thus, a region where
the common electrode 228 and the conductive layer 253 are
connected become a cathode contact 270. Although the
cathode contact 270 is provided between the substrate 101
and the driving circuit 104, the contact 270 may be provided
between the driving circuit 104 and the display region 103.
[0110] Inaregion between the end of the substrate 101 and
the driving circuit 104, a sealing region 132 is provided so
as to be in contact with the inorganic insulating layer 231
and the inorganic insulating layer 233. By the sealing region
between the driving circuit 104 and the end of the substrate
101 with the inorganic insulating layer 231 and the inorganic
insulating layer 233, moisture and oxygen can be prevented
from entering from the end of the substrate 101. As a result,
the entry path of moisture and oxygen can be blocked, so
that the degradation of the light-emitting element can be
suppressed. Therefore, the reliability of display device can
be improved.

[0111] Also, in the sealing region 132, by providing the
wiring layer 252 for driving the driving circuit 104, the
width t2 from the end of the substrate 101 to the driving
circuit 104 can be reduced.

[0112] Although an example in which the width t1 is larger
than the width 2 in the widths t1 and 2 in FIG. 4 has been
described, the present invention is not limited thereto. The
width t2 may be larger than the width t1. The width of the
region 121 surrounding the through hole 111 shown in the
cross-sectional view of FIGS. 7 to 9 may be larger than the
width t1. In the region 121 surrounding the through hole 111
shown in the cross-sectional view of FIG. 10, the width t1
can be further reduced because the cathode contact 260 is
not provided. In this manner, by not providing the cathode
contact 260, the width t2 may be made larger than the width
tl.

[0113] As shown in the cross-sectional view of FIG. 10,
even when the cathode contact 260 is not provided around
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the through hole 111, as shown in FIG. 11, by providing the
cathode contact 270 in the peripheral region 110, the resis-
tance value of the cathode can be sufficiently reduced.
Further, when the width t1 is reduced, the pixel 109 can be
arranged close to the through hole 111, and thus the appear-
ance of the display device is improved.

<Manufacturing Method of the Display Device>

[0114] Next, referring to FIGS. 13 to 15B, a manufactur-
ing method of the display device 100 will be described. FIG.
13 is a process flow for explaining the manufacturing
process of the display device 100 according to this embodi-
ment. FIGS. 14A to 15B are planar view of masks for
manufacturing the display device 100. In the process flow
shown in FIG. 13, the description of the pixel 109 will be
described with reference to the reference numerals in FIG.
6, and the through hole 111 and the region 121 surrounding
the through hole 111 will be described with reference to the
reference numeral in FIG. 7.

[0115] First, the transistor 210 is formed on the substrate
101 formed on a support substrate (not shown) (step S301).
In this embodiment, the glass substrate is used as the support
substrate, and polyimide is used as the substrate 101. The
gate electrode 216, the scanning line 141, and the conductive
layer 243 of the transistor 210 are formed from the same
conductive film. Next, on the transistor 210, the interlayer
insulating film 222 and the source or drain electrodes 217
and 218 to be connected via a contact hole of the interlayer
insulating film 222 are formed. The source or drain electrode
217, the signal line 142, and the conductive layer 244 are
formed of the same conductive film. Next, the planarization
film 223 is formed on the interlayer insulating film 222 and
the source or drain electrode 218. The planarization film 223
is processed so that the protruding portion 245 is formed in
the region 121. The contact hole is formed in the planariza-
tion film 223.

[0116] In the display region 103, the transparent conduc-
tive layer 219 is formed in the contact hole of the planariza-
tion film 223. Next, the conductive layer 221 is formed on
the planarization film 223.

[0117] Next, the inorganic insulating layer 224 is formed
on the planarization film 223, the transparent conductive
layer 219, the conductive layer 221, and the protruding
portion 245 (step S302). The inorganic insulating layer 224
is formed so as to cover the end of the planarization film 223
present in the region 121 and the protruding portion 245.
[0118] Next, the light-emitting element 230 is formed on
the inorganic insulating layer 224 (step S303). The light-
emitting element 230 is configured by sequentially forming
the pixel electrode 225, the insulating layer 226, the organic
layer 227, and the common electrode 228.

[0119] In forming the light-emitting element 230, for
example, a mask 401 shown in FIG. 14A and a mask 403
shown in FIG. 14B can be used. The mask shown in FIGS.
14A and 14B is, for example, an evaporation mask used for
the hole injection layer/hole transport layer included in the
organic layer 227, the electron injection layer/electron trans-
port layer, and the common electrode 228.

[0120] For example, when forming the common electrode
228, a portion of the common electrode 228 is deposited on
an opening 402 by using the mask 401 shown in FIG. 14A.
By using the mask 403 shown in FIG. 14B, part of the
common electrode 228 is deposited in openings 404 and
405. By using the mask 401 and the mask 403, the common
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electrode 228 provided with the opening can be formed in
the region corresponding to the through holes 111, 112, 113
in the display region 103.

[0121] As another form of the mask, a mask 411 shown in
FIG. 15A and a mask 413 shown in FIG. 15B can be used.
Using the mask 411 shown in FIG. 15A, a portion of the
common electrode 228 is deposited on an opening 412.
Next, by using the mask 413 shown in FIG. 15B, a part of
the common electrode 228 is vapor-deposited in notches
414, 415, and 416. By using the mask 411 and the mask 413,
the common electrode 228 provided with the opening can be
formed in the region corresponding to the through holes 111,
112, 113 in the display region 103.

[0122] Next, a sealing film is formed on the light-emitting
element 230 (step S304). As the sealing film, the inorganic
insulating layer 231, the organic insulating layer 232, and
the inorganic insulating layer 233 are formed in this order.
At this time, in the region 121, the inorganic insulating layer
233 is provided so as to be in contact with the inorganic
insulating layer 231 from the protruding portion 245 to the
edge of the opening of the through hole 111. In the region
131, the protruding portion 245 to the end of the substrate
101 are provided so as to be in contact with the inorganic
insulating layer 231 and the inorganic insulating layer 233.

[0123] Through the above steps, the array substrate 140
can be formed.
[0124] Next, a region on which the through hole 111 is to

be formed is etched until the support substrate is exposed,
that is, until the substrate 101 is in direct contact with the
support substrate (step S305). The etching treatment may be
dry etching or wet etching. The step S305 may be a step of
etching up to the inorganic insulating layer 231. In addition,
the step S305 may be omitted, and the mask may be used
when forming the sealing film, so that the sealing film may
not be formed in the region where the through hole 111 is
formed.

[0125] Next, the substrate 101 on which the transistor 210
and the light-emitting element 230 are formed and the
substrate 102 are attached to each other via the adhesive
member 234 (step S306).

[0126] The laminated the substrate 101 and the substrate
102 are cut according to the shape of the display device 100
or in a size larger than the shape of the display device 100
(step S307). As the cutting method in step S307, a scribe-
break using a scribing wheel, punching cutting, laser cutting,
or a method combining these can be used.

[0127] Next, the support substrate is cut (step S308). As a
method for cutting the supporting substrate, a scribe-break
using a scribing wheel, punching cutting, laser cutting, and
a combination thereof can be used. The step S307 and the
step S308 may be performed simultaneously.

[0128] Next, the polarization plate 235 is attached to the
substrate 102 (step S309). Thereafter, a step of mounting the
driver IC 106 on the substrate 101 may be included.
[0129] Next, the substrate 101 is peeled off from the
support substrate by irradiating the substrate 101 with a laser
beam through the support substrate (step S310). The order of
step S310 and step S309 may be reversed. A polarization
plate 138 may be bonded after the support substrate is peeled
off.

[0130] Next, the substrate 212 is attached to the back
surface of the substrate 101 (step S311). In this embodiment,
a case where polyethylene terephthalate is used as the
substrate 212 will be described. Here, the configuration from
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the substrate 212 to the sealing film is referred to as the array
substrate 140. Thereafter, when cutting is cut in a size larger
than the shape of the display device in the step S307, the
periphery of the array substrate 140 and the substrate 102 is
cut in order to adjust the outer shape of the display device.
[0131] Next, the through hole 111 is formed in the array
substrate 140, the substrate 212, and the substrate 102 (step
S312). The through hole 111 is formed by a mechanical
processing method such as punching or the like. The through
hole 111 is formed so as to be located inside the region 121.
As a result, the through hole 111 can be collectively formed
in the array substrate 140, the substrate 212, and the sub-
strate 102 on time.

[0132] Through the above steps, the display device 100
according to this embodiment can be formed. According to
the manufacturing process shown in FIG. 13, the through
hole 111 is provided in the display region 103, and a display
device having improved design can be manufactured. In
addition, even if the through hole 111 is formed, by provid-
ing the sealing region 122 in the region 121, it is possible to
prevent moisture and oxygen from entering from the through
hole 111, and thus it is possible to prevent the light-emitting
element from deteriorating. Therefore, the reliability of
display device can be improved.

[0133] Instep S305, the inorganic insulating layer 231 and
the inorganic insulating layer 233 may be previously
removed in a region where the through hole 111 is provided.
Thus, in the drilling step in step S312, it is possible to
prevent the occurrence of cracks in the substrate 101, the
inorganic insulating layer 231 and the inorganic insulating
layer 233 due to the impact when the through hole 111 is
formed. As a result, moisture, oxygen, and the like can be
prevented from entering the light-emitting element 230 from
cracks generated in the substrate 101, the inorganic insulat-
ing layer 231, and the inorganic insulating layer 233. As a
result, a highly reliable display device 100 can be provided.

Second Embodiment

[0134] In this embodiment, a partially different display
device from the display device shown in the first embodi-
ment will be described with reference to FIGS. 16 to 18.
FIG. 16 is a cross-sectional view taken along line B1-B2 of
the display region shown in FIG. 5. FIG. 17 is a cross-
sectional view taken along line F1-F2 of the display region
shown in FIG. 5. FIG. 18 is a planar view of the mask for
manufacturing the display device.

[0135] FIG. 16 is a cross-sectional view of the pixel 109,
the region 121 from the pixel 109 to the substrate 101, and
the through hole 111. As shown in FIG. 16, a resin film 237
is provided on the inorganic insulating layer 233. The resin
film 237 covers the pixel 109 and the cathode contact 260.
[0136] FIG. 17 is a cross-sectional view of the region 121
from the pixel 109, the driving circuit 104, and the driving
circuit 104 to the substrate 101. Similar to FIG. 16, the resin
film 237 is provided on the inorganic insulating layer 233.
The resin film 237 covers the pixel 109, the driving circuit
104, and the cathode contact 260.

[0137] The resin film 237 shown in FIGS. 16 and 17
contains a resin such as an epoxy resin or an acrylic resin.
The resin film 237 is formed by applying oligomers as raw
materials by a wet film forming method, an evaporation
method, a spraying method, or the like, and then polymer-
izing the oligomers.
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[0138] The resin film 237 shown in FIGS. 16 and 17
functions as the mask for patterning the inorganic insulating
layer 224, the common electrode 288, the inorganic insu-
lating layer 231, and the inorganic insulating layer 233. By
removing the inorganic insulating layer 224, the common
electrode 288, the inorganic insulating layer 231, and the
inorganic insulating layer 233 using the resin film 237 as a
mask, the interlayer insulating film 222 and the gate insu-
lating film 215 are exposed.

[0139] The insulating film 236 shown in FIG. 16 is pro-
vided over side of the substrate 101 from the end of the resin
film 237. At this time, the insulating film 236 is provided to
cover side of the inorganic insulating layer 224, the common
electrode 288, the inorganic insulating layer 231, and the
inorganic insulating layer 233. Since the insulating film 236
is moisture-proof and oxygen-proof, the insulating film 236
can suppress moisture and oxygen from entering the display
region 103 from side of the inorganic insulating layer 224,
the common electrode 288, the inorganic insulating layer
231, and the inorganic insulating layer 233. Further, the
insulating film 236 covers the side surface of the substrate
101. Therefore, when a component such as a camera or a
button is passed through the through hole 111 and the side
surface of the through hole 111 comes into contact with the
component, damage to the through hole 111 can be pre-
vented.

[0140] In forming the common electrode 288, for
example, a mask 421 shown in FIG. 18 can be used. The
mask 421 has an opening 422 that overlaps all of the display
region 103 and a portion of the peripheral region 110. In
forming the common electrode 288, the common electrode
288 is deposited on the opening 422 using the mask 421
shown in FIG. 18. Thus, the common electrode 288 is also
formed in each of the through holes 111, 112, 113.

[0141] Thereafter, the resin film 237 is formed on the
inorganic insulating layer 233 and etched using the resin film
237 as the mask, whereby the inorganic insulating layer 233,
the organic insulating layer 232, and the inorganic insulating
layer 231 can be removed. The common electrode 288
formed around the through holes 111, 112, 113 is etched
away. Bven if the end of the common electrode 288 is
exposed together with the inorganic insulating layer 231 and
the inorganic insulating layer 233, the end of the common
electrode 288, the end of the inorganic insulating layer 231,
and the end of the inorganic insulating layer 233 can be
covered with a moisture-proof and oxygen-proof the insu-
lating film 236. As a result, moisture and oxygen can be
prevented from entering the display region 103 from the end
of the common electrode 288.

Third Embodiment

[0142] FIG. 19 is a schematic view showing the configu-
ration of a display device 160 according to an embodiment
of the present invention, shows a schematic configuration
when the display device 160 is planar view. The same
elements as those of the first embodiment are denoted by the
same reference numerals, and a detailed description thereof
is omitted.

[0143] The display device 160 according to this embodi-
ment includes at least one notch 161 in the display region
103. In FIG. 19, the notch 161 and a notch 162 are provided
at two positions of the display device 160, and a the through
hole 111 is provided at one position. In the notch 161 and the
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notch 162, the substrate 101, the display region 103, and the
substrate 102 are also cut out.

[0144] FIG. 20 shows an enlarged view of a region 170
shown in FIG. 19. The region 170 includes the display area
103, the driving circuit 104, the notch 161, and a region 171
surrounding the notch 161. The region 171 surrounding the
notch 161 refers to a region surrounded by the plurality of
pixels 109 from the edge of the notch 161. In the display
region 103, the plurality of pixels 109 is arranged in a
matrix.

[0145] FIG. 21 is an enlarged view of the region 170
shown in FIG. 19, in which the plurality of scanning lines
141 and the plurality of signal lines 142 are added. The
plurality of scanning lines 141 is electrically connected to
the pixel 109, and the plurality of signal lines 142 is
electrically connected to the pixel 109.

[0146] As shown in FIG. 21, in the region 171 surrounding
the notch 161, the plurality of scanning lines 141 is con-
nected to the right and left pixels 109 with respect to the
notch 161 by bypassing the notch 161. The plurality of
signal lines 142 is routed to the peripheral region 110 by
bypassing the notch 161. The plurality of signal lines 142
may have the end portion in the region 171 surrounding the
notch 161.

[0147] As shown in FIG. 21, the width t1 of the region 121
in the second direction (in the x-direction in FIG. 19) is
larger than the width 2 from the end of the substrate 101 to
the end of the driving circuit 104 in first direction. Depends
on the area of the notch 161, in the region 171 surrounding
the notch 161, while several tens to hundreds of wirings are
provided to bypass the cutout 161, several to ten wirings are
provided in the width from the end of the substrate 101 to the
end of the drive circuit 104.

<The Region Surrounding the Notch>

[0148] FIG. 22 is a cross-sectional view taken along line
G1-G2 of the display region shown in FIG. 21. FIG. 22 is a
cross-sectional view of the region 171 surrounding the notch
161. FIG. 22 shows a cross-sectional view of the pixel 109,
the region 171 surrounding notch, and the notch 161.
[0149] As shown in FIG. 22, in a region surrounding the
notch 161, the plurality of scanning lines 141 is provided on
the gate insulating film 215. The interlayer insulating film
222 is provided over the gate insulating film 215, and the
plurality of signal lines 142 are provided over the interlayer
insulating film 222. The planarization film 223 is provided
on the interlayer insulating film 222. The protruding portions
245 and 246 projecting in the direction toward the inorganic
insulating layer 231 are provided so as to partially overlap
the signal lines 142. The inorganic insulating layer 233 is
provided so as to be in contact with the inorganic insulating
layer 231 from the protruding portion 245 to the edge of the
opening of the notch 161. A region where the inorganic
insulating layer 231 and the inorganic insulating layer 233
are in contact with each other is called a sealing region 172.
In addition, the protruding portion 245 has a function of
damming the organic insulating layer 232 when forming the
organic insulating layer 232. Therefore, the organic insulat-
ing layer 232 does not overlap with the protruding portion
245,

[0150] As shown in FIG. 22, the plurality of signal lines
142 may be provided partially overlapping with the sealing
region 172. In addition, the plurality of scanning lines 141
may be provided so as to partially overlap with the sealing
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region 172. This is preferable because the width t1 (see FIG.
20) of the region 171 surrounding the notch 161 can be made
smaller. The sealing region 172 and the signal line 142 do
not necessarily have to overlap with each other, and the
signal line 142 may be provided closer to the pixel 109 than
the sealing region 172. Further, in the region 171, the signal
line 142 does not have to be extended because there is no
pixel 109 connected to the region 171. However, in order to
prevent loads from differing between the signal line 142
extending to the outer display region of the region 171 and
the signal line 142 in the region 171, it is preferable that the
signal line 142 extends as in this embodiment.

[0151] Further, although an example in which the cathode
contact is not provided in the region 171 shown in FIG. 22
is shown, the present invention is not limited to this. The
cathode contact 260 shown in FIGS. 7 to 9 may be provided
between the pixel 109 and the sealing region 172 in the
region 171. Also provided in the sealing region 172 near the
opening edge of the notch 161 is the end of the common
electrode 228. Side of the notch 161 may be provided with
the insulating film 236 such as an organic resin or an
inorganic film having moisture-proof properties and oxy-
gen-proof properties. This makes it possible to further
suppress the penetration of moisture and oxygen from the
side of the notch 161. By covering the end of the common
electrode 228 with the insulating film 236, it is possible to
suppress the common electrode 228 from being corroded.

Example 1

[0152] FIGS. 23 to 26 show examples in which the display
device according to the embodiment is applied to an elec-
tronic device. In this embodiment, a case where the present
invention is applied to a smart phone as an electronic
apparatus will be described.

[0153] FIG. 23 shows a schematic view of a display device
300 according to this embodiment. The display device 300
shown in FIG. 23 includes the display region 103, the driver
IC 106, the terminal 107, and the flexible printed circuit
board 108 on the substrate 101.

[0154] In the display region 103, through holes 311, 312
and 313 are provided. The through hole 311 is provided with
a region 321 surrounding the through hole 311. The through
hole 312 and the through hole 313 are also provided with a
region 322 and a region 323, respectively, which surround
the through hole. The region 321, the region 322, and the
region 323 are provided with a sealing region in which at
least two layers of inorganic insulating layer are in contact
with each other. By providing the sealing region, as
described in the first embodiment, it is possible to suppress
moisture and oxygen from entering. As a result, it is possible
to suppress degradation of the light-emitting element pro-
vided in the display region 103.

[0155] The display region 103 is further provided with
notches 314 and 315. The notch 314 is provided with a
region 324 surrounding the notch 314. The notches 314, 315
are provided with a region 325 surrounding the notch 315.
The region 325 is provided with at least two layers of
inorganic insulating layer contacting the sealing region. By
providing the sealing region, as described in the second
embodiment, it is possible to suppress moisture and oxygen
from entering. As a result, it is possible to suppress degra-
dation of the light-emitting element provided in the display
region 103.
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[0156] FIG. 24 shows an exemplary application of the
display device 300 shown in FIG. 23 to a smart phone 320.
[0157] The smart phone 320 shown in FIG. 24 includes the
display device 300, a housing 336, a cover member 337, a
physical key 333, a camera module 331, an illuminance
sensor 332, a speaker 334, and a microphone 335. In FIG.
23, the display region 103 of the display device 300 is
shown.

[0158] In the display region 103 of the display device 300,
the camera module 331 is fitted into the through hole 311,
the illuminance sensor 332 is fitted into the through hole
312, and the physical key 333 is fitted into the through hole
313. The camera module 331 and the illuminance sensor 332
are covered with the cover member 337, and the physical
key 333 is not covered with the cover member 337. For
example, since the through hole 313 provided with the
physical key 333 is not covered with the cover member 337,
side of the through hole 313 is exposed. The side of the
through hole 313 not covered with the cover member 337 is
preferably provided with the organic resin or the inorganic
film having moisture-proof properties and oxygen-proof
properties as described with reference to FIGS. 10 and 16.
[0159] In the display region 103, the notches 314 and 315
are provided. The speaker 334 is fitted into the notch 314,
and the microphone 335 is fitted into the notch 315. The
speaker 334 and the microphone 335 are not covered by the
cover member 337. The side of the notch 315 which is not
covered with the cover member 337 is preferably provided
with the organic resin or the inorganic film having moisture-
proof properties and oxygen-proof properties as described
with reference to FIGS. 10 and 16.

[0160] Forexample, if the illuminance sensor 332 is fitted
into through a through hole 152, the diameter of the through
hole 312 is 3000 pm, and the diameter of the region 322
surrounding the through hole is 800 pum. In this case, the
non-display width of the display region 103 is 4600 microm-
eters. When the camera module 331 is fitted to the through
hole 311, the diameter of the through hole 311 is 4000 pm,
and the diameter of the region 321 surrounding the through
hole is 900 pm. In this case, the non-display width in display
region is 5800 micrometers. When the through hole 313 is
provided with the physical key 333, the diameter of a
through hole 154 is 10000 pm, and the diameter of the region
323 surrounding the through hole 313 is 1550 um. In this
case, the non-display width of the display region 103 may be
13100 micrometers.

[0161] FIG. 25 shows a configuration of a cross section of
the smart phone 320 shown in FIG. 24 taken along an H1-H2
line, and FIG. 26 shows a configuration of a cross section of
the smart phone 320 shown in FIG. 24 taken along an 11-12
line.

[0162] As shown in FIGS. 25 and 26, the cover member
337 is provided on the substrate 102 of the display device via
an adhesive member 338. The cover member 337 has a
function of protecting the display device from external
shocks. A touch sensor may be provided on the surface of the
cover member 337 facing the adhesive member 338.
Although not particularly illustrated, the touch sensor may
be provided on the inorganic insulating layer 233.

[0163] Inthe notch 314 shown in FIG. 25, the speaker 334
is arranged. Therefore, the cover member 337 is not pro-
vided in the notch 314. On the other hand, the camera
module 331 is arranged in the through hole 311 shown in
FIG. 26. Therefore, the cover member 337 is also provided
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in the through hole 311 to protect the camera module 331.
Since the notch 315 shown in FIG. 24 is provided with the
microphone 335, the cover member 337 is provided so as not
to overlap with the microphone 335. Since the through hole
312 is provided with the illuminance sensor 332, the cover
member is also provided in the through hole 312 so as to
protect the illuminance sensor 332.

[0164] In the smart phone 320 according to this embodi-
ment, components such as the camera module 331 and the
illuminance sensor 332 can be provided in the display region
103. As described above, according to the display device
300 according to the embodiment, the degree of flexibility of
the external design of the smart phone 320 can be increased.
Note that the notch and the through hole can be provided as
appropriate in the display region, and the number and size
are not particularly limited. There is no particular limitation
on components provided in the notch and the through hole.
[0165] It is also within the scope of the present invention
that a person skilled in the art adds, deletes, or changes
designs of components, or adds, omits, or changes condi-
tions of steps as appropriate based on the display device
described as an embodiment and an embodiment of the
present invention as long as the gist of the present invention
is provided. The embodiments described above can be
combined with each other to the extent that there is no
technical contradiction.

[0166] It is to be understood that other effects different
from those provided by aspects of the embodiments
described above are obvious from the description in this
specification or can be readily predicted by those skilled in
the art and are naturally provided by the present invention.

What is claimed is:

1. A display device comprising:

a first substrate;

a display region provided with a plurality of pixels on the
first substrate, each of the plurality of pixels including
a light-emitting element;

a driving circuit provided along a first direction of the
display region on the first substrate;

a sealing film covering the display region, and stacking a
first inorganic insulating layer, an organic insulating
layer, and a second inorganic insulating layer in order
from the light-emitting element;

a second substrate on the sealing film;

a through hole provided in the first substrate, the display
region, and the second substrate; and

a first region surrounding the through hole,

wherein

a width from an end of an opening of the through hole to
the plurality of pixels in a second direction intersecting
the first direction is greater than a width from an end of
the first substrate to an end of the driving circuit in the
second region, and

the first region includes a second region in which the first
inorganic insulating layer and the second inorganic
insulating layer are provided in contact with each other.

2. The display device according to claim 1, further com-

prising:
a protruding portion projecting from the first substrate
towards the first inorganic insulating layer,

wherein

the protruding portion is arranged in the second region,
and
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the protruding portion is covered with the first inorganic
insulating layer and the second inorganic insulating
layer.

3. The display device according to claim 2, wherein

the protruding portion is located in a region that does not
overlap with the organic insulating layer.

4. The display device according to claim 2, wherein

the protruding portion does not overlap with the organic
insulating layer.

5. The display device according to claim 1, further com-

prising:

a plurality of scan lines connecting the driving circuit and
the plurality of pixels; and

a plurality of signal lines intersecting the plurality of scan
lines and connected to the plurality of pixels,

wherein

the second region overlaps the plurality of scan lines.

6. The display device according to claim 1, further com-

prising:

a plurality of scan lines connecting the driving circuit and
the plurality of pixels; and

a plurality of signal lines intersecting the plurality of scan
lines and connected to the plurality of pixels,

wherein

the second region overlaps the plurality of signal lines.

7. The display device according to claim 1, wherein

the light-emitting element includes a first electrode, a
light emitting layer, and a second electrode,

the second electrode is electrically connected to a first
conductive layer provided on the same layer as the
plurality of signal lines, and is arranged between the
pixels and the second region in first region.

8. The display device according to claim 7, wherein

an end portion of the second electrode is in contact with
the first inorganic insulating layer in the second region.

9. The display device according to claim 1, wherein

the notch hole includes an insulating film, and the insu-
lating film is provided on a side surface of the notch
hole.

10. A display device comprising:

a first substrate;

a display region provided with a plurality of pixels on the
first substrate, each of the plurality of pixels including
a light-emitting element;

a driving circuit provided along a first direction of the
display region on the first substrate;

a sealing film covering the display region, and stacking a
first inorganic insulating layer, an organic insulating
layer, and a second inorganic insulating layer in order
from the light-emitting element;

a second substrate on the sealing film;

a notch provided in the first substrate, the display region,
and the second substrate; and

a first region surrounding the notch,

wherein

a width from an end of the notch to the plurality of pixels
in a second direction intersecting the first direction is
greater than a width from an end of the first substrate
to an end of the driving circuit in the second region, and

the first region includes the second region in which the
first inorganic insulating layer and the second inorganic
insulating layer are provided in contact with each other.
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11. The display device according to claim 10, wherein

the second region includes a protruding portion projecting
from the first substrate towards the first inorganic
insulating layer, and the protruding portion is covered
with the first inorganic insulating layer and the second
inorganic insulating layer.

12. The display device according to claim 10, wherein

the protruding portion is located in a region that does not
overlap with the organic insulating layer.

13. The display device according to claim 12, wherein

the protruding portion does not overlap with the organic
insulating layer.

14. The display device according to claim 10, further

comptrising:

a plurality of the scan lines connecting the driving circuit
and the plurality of pixels; and

a plurality of signal lines intersecting the plurality of the
scan lines and connected to the plurality of pixels,

wherein

the second region overlaps the plurality of scan lines.

15. The display device according to claim 10, further

comptrising:
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a plurality of the scan lines connecting the driving circuit
and the plurality of pixels; and

a plurality of signal lines intersecting the plurality of scan
lines and connected to the plurality of pixels,

wherein

the second region overlaps the plurality of signal lines.

16. The display device according to claim 10, wherein

the light-emitting element includes a first electrode, a
light emitting layer, and a second electrode,

the second electrode is arranged between the pixel and the
second region, and is electrically connected to a first
conductive layer provided on the same layer as the
plurality of signal lines in the first region.

17. The display device according to claim 16, wherein

an end portion of the second electrode is in contact with
the first inorganic insulating layer in the second region.

18. The display device according to claim 10, wherein

the notch includes an insulating film, and the insulating
film is provided on a side surface of the notch.
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