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(57) ABSTRACT

A display device includes a substrate, a plurality of pixels
above the substrate, each of the plurality of pixels including
a first electrode, a light emitting layer above the first
electrode, and a second electrode above the light emitting
layer, a display region including the plurality of pixels, a first
organic insulating layer located between the substrate and
the light emitting layer, and a sealing layer above the second
electrode and covering the plurality of pixels. The first
organic insulating layer includes a first opening part sur-
rounding the display region, the sealing layer has a first
inorganic insulating layer, a second organic insulating layer
and a second inorganic insulating layer, the first inorganic
insulating layer and the second inorganic insulating layer
cover the first opening part, a second opening part passing
through the first inorganic insulating layer and the second
inorganic insulating layer.
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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. 2017-078809, filed on Apr. 12, 2017, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] An embodiment of the present invention is related
to a sealing structure of a display device and a manufactur-
ing method of a display device having a sealing layer.

BACKGROUND

[0003] An organic electroluminescence display device (re-
ferred to herein as “organic EL”) is arranged with a light
emitting element in each pixel and displays an image by
individually controlling emitted light. A light emitting ele-
ment has a structure in which a layer (also called a “light
emitting layer” herein) including an organic EL material is
sandwiched between a pair of electrodes wherein one is an
anode and the other is a cathode. When electrons are injected
into the light emitting layer from the cathode and holes are
injected from the anode, the electrons and holes recombine.
Light emitting molecules in the light emitting layer are
excited by the energy releases by recombination and light is
emitted by photons emitted when the excitons return to the
ground state.

[0004] An organic EL display device, each anode of a light
emitting element is arranged as a pixel electrode in each
pixel, and the cathode is arranged extending a plurality of
pixels as a common pixel electrode and is applied with a
common potential. The organic EL display device controls
light emitted from a pixel by applying the voltage of a pixel
electrode to each pixel with respect to the potential of the
common pixel electrode.

[0005] A light emitting layer of an organic EL device
easily degradation due to moisture, and non-lighting regions
called dark spots are produced. Thus, in order to solve such
a problem, many organic EL display devices are arranged
with a sealing layer to prevent the entrance of moisture.
[0006] However, there is a problem whereby micro-cracks
are generated in an inorganic film of the sealing layer when
a plurality of organic EL. display devices arranged on a
mother glass are divided in the manufacturing process.
When microcracks are generated in an inorganic film of a
sealing layer, it becomes a moisture intrusion path and
moisture easily intrudes into the light emitting layer.
[0007] In response to such a problem, for example, Japa-
nese Laid Open Patent Application Publication No. 2015-
041481 discloses a manufacturing method in which an
organic layer is present between a first inorganic layer and
a second inorganic layer at a cutting position, absorbs stress
at the time of cutting which prevents the generation of
cracks.

SUMMARY

[0008] A display device in an embodiment according to
the present invention includes a substrate, a plurality of
pixels above the substrate, each of the plurality of pixels
including a first electrode, a light emitting layer above the
first electrode, and a second electrode above the light
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emitting layer, a display region including the plurality of
pixels, a first organic insulating layer located between the
substrate and the light emitting layer, and a sealing layer
above the second electrode and covering the plurality of
pixels. The first organic insulating layer includes a first
opening part surrounding the display region, the sealing
layer has a stacked structure, the stacked structure is stacked
with a first inorganic insulating layer, a second organic
insulating layer and a second inorganic insulating layer from
the substrate side, the first inorganic insulating layer and the
second inorganic insulating layer cover the first opening
part, an end part of the first inorganic insulating layer and an
end part of the second inorganic insulating layer are located
in a first region which is an opposite side of the first opening
part from the display region, the first region includes a
second region where the first inorganic insulating layer
directly contacts the second inorganic insulating layer, and
the second region includes a second opening part passing
through the first inorganic insulating layer and the second
inorganic insulating layer.

[0009] A display device in an embodiment according to
the present invention includes a substrate, a plurality of
pixels above the substrate, a display region including the
plurality of pixels, a periphery region at an outer side of the
display region, an inorganic insulating layer covering the
plurality of pixels and located over the display region and
the periphery region, an organic insulating layer located on
a substrate side of the inorganic insulating layer and located
in the periphery region, and an opening part located above
the organic insulating layer in the periphery region and
passing through the inorganic insulating layer.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a perspective diagram for explaining an
outline structure of a display device related to one embodi-
ment of the present invention;

[0011] FIG. 2 is a planar diagram for explaining a structure
of a display device related to one embodiment of the present
invention;

[0012] FIG. 3 is a planar diagram for explaining a struc-
ture of a display device related to one embodiment of the
present invention;

[0013] FIG. 4 is a cross-sectional diagram for explaining
a structure of a display device related to one embodiment of
the present invention;

[0014] FIG. 5 is a planar diagram for explaining a manu-
facturing method of a display device related to one embodi-
ment of the present invention;

[0015] FIG. 6A is a cross-sectional diagram for explaining
a manufacturing method of a display device related to one
embodiment of the present invention;

[0016] FIG. 6B is a cross-sectional diagram for explaining
a manufacturing method of a display device related to one
embodiment of the present invention;

[0017] FIG. 6C is a cross-sectional diagram for explaining
a manufacturing method of a display device related to one
embodiment of the present invention;

[0018] FIG. 6D is a cross-sectional diagram for explaining
a manufacturing method of a display device related to one
embodiment of the present invention; and

[0019] FIG. 6E is a cross-sectional diagram for explaining
a manufacturing method of a display device related to one
embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0020] A display device according to one embodiment of
the present invention is explained below while referring to
the diagrams. Furthermore, it is possible to perform the
present invention using various aspects, and the present
invention should not be limited to the content described in
the embodiments exemplified herein. In the embodiments
exemplified herein, the same reference symbols are attached
to the same structural elements. In addition, for the purposes
of explanation, the dimension ratios of the drawings may be
different to actual ratios and parts of the structures may be
omitted from the drawings.

[0021] FIG. 1 is a perspective diagram for explaining a
structure of a display device 100 according to the present
embodiment. FIG. 2 is a planar diagram for explaining the
structure of the display device 100 according to the present
embodiment. FIG. 3 is a planar diagram for explaining the
structure of the display device 100 according to the present
embodiment and is a planar diagram of an enlarged region
“A” shown in FIG. 2. FIG. 4 is a cross-sectional diagram for
explaining the structure of the display device 100 according
to the present embodiment and shows a cross section of the
line B1-B2 shown in FIG. 3.

[0022] As is shown in FIG. 1, the display device 100
according to the present embodiment includes a first sub-
strate 102, a display region 1024 in which a plurality of
pixels 106 are arranged, a second substrate 104 which covers
the display region 1024, and a sealing material 110. Fur-
thermore, when fixing the second substrate 104 to the first
substrate 102, other methods may be used without neces-
sarily using the sealing material 110, and it is not necessary
to arrange the sealing material 110 at that time.

[0023] The first substrate 102 is used as a support for the
plurality of pixels 106. The structure of each of the plurality
of pixels 106 is described later. A terminal region 1026 is
arranged on an end part of a first surface of the first substrate
102 and outside the second substrate 104, and a plurality of
connection terminals 108 are arranged. Although not shown
in the diagram, a wiring substrate for connecting the display
device 100 and a device which outputs image signals or a
power supply and the like are connected to the plurality of
connection terminals 108. A driver IC 112 for outputting an
image signal to a plurality of pixels 106 is mounted on the
first substrate 102.

[0024] A plate shaped substrate or a substrate having
flexibility can be used as the first substrate 102. A glass
substrate, an acrylic resin substrate, an alumina substrate, or
the like can be used as the plate shaped substrate. A resin
material is used as a substrate having flexibility. It is
preferred to use a polymer material including an imide bond
as a repeating unit, for example, polyimide is used as the
resin material. Specifically, a film substrate obtained by
molding polyimide into a sheet shape is used as the sub-
strate. Similar to the first substrate 102, a glass substrate or
an acrylic resin substrate can be used for the second sub-
strate 104, In addition, the second substrate 104 is not
limited to a plate shaped member and may be replaced with
a film shaped base material having flexibility or a coating
film of a resin material. By providing both the first substrate
102 and the second substrate 104 with a member having
flexibility, it is possible to realize the display device 100
having flexibility.

[0025] As is shown in FIG. 3, the plurality of pixels 106
are arranged in a first direction and a second direction
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intersecting the first direction in the display region 102a
arranged on the first surface of the first substrate 102. Each
of the plurality of pixels 106 includes a pixel circuit having
at least a selection transistor, a drive transistor, a light
emitting element, and a storage capacitor. FIG. 4 shows a
cross-sectional structure corresponding to the line B1-B2
shown in FIG. 3, and the light emitting element 128 is shown
among the elements forming the pixel 106.

[0026] As is shown in FIG. 4, the light emitting element
128 has a layer structure in which at least a first electrode
130, light emitting layer 132 and a second electrode 134 are
stacked in this order from the first substrate 102 side. The
light emitting element 128 emits light by applying a forward
bias between the first electrode 130 and the second electrode
134. Since an organic EL material is used for the light
emitting layer 132 of the light emitting element 128, it is
sometimes referred to as an organic EL light emitting
element or an organic EL element. Furthermore, the light
emitting layer 132 may be arranged so as to emit mono-
chromatic light in common to the plurality of pixels 106, and
the plurality of pixels 106 may be arranged corresponding to
each color of red (R), green (G), and blue (B). Furthermore,
although a detailed structure is omitted in F1G. 4, a circuit
element layer 105 forming a pixel circuit and a driving
circuit are arranged on the lower layer side (first substrate
102 side) of the light emitting element 128.

[0027] As is shown in FIG. 3, the first electrode 130 is
arranged in each of the plurality of pixels 106. It is preferred
that the material of the first electrode 130 includes a metal
layer having a high reflectance in order to reflect light
generated in the light emitting layer 132 to the second
electrode 134 side. For example, silver (Ag), an alloy
containing silver, aluminum an alloy containing aluminum,
or the like can be used as the metal layer having a high
reflectance.

[0028] The first electrode 130 may further be stacked with
a transparent conductive laver in addition to the metal layer
having a high reflectance as described above. ITO (tin
oxide-added indium oxide), IZO (indium oxide-zinc oxide),
or the like having translucency and conductivity is prefer-
ably used as the transparent conductive layer. In addition,
any conibination of these may be used.

[0029] As is shown in FIG. 4, a second electrode 134 is
arranged across the plurality of pixels 106. ITO (tin oxide-
added indium oxide) or IZ0 (indium oxide-zinc oxide)
which has translucency to transmit light generated in the
light emitting layer 132 and has conductivity are preferred as
the material of the second electrode 134. Alternatively, a
metal layer having a thickness sufficient to transmit emitted
light may be used as the second electrode 134. Furthermore,
the second electrode 134 may be formed separately for each
of the first electrodes 130.

[0030] The first electrode 130 and the second electrode
134 are also respectively referred to as a pixel electrode and
a common electrode. In the present embodiment, the first
electrode 130 and the second electrode 134 each function as
an anode and a cathode. However, the invention is not
limited to this structure and the first electrode 130 and the
second electrode 134 may function as a cathode and an
anode respectively.

[0031] As is shown in FIG. 4, the light emitting layer 132
is sandwiched between the first electrode 130 and the second
electrode 134. An organic EL material which emits light
when a current is supplied can be used as a material of the
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light emitting layer 132. A low molecular type or high
molecular type organic material can be used as the organic
EL material. In the case of using a low molecular organic
material, the light emitting layer 132 may contain, in addi-
tion to the light emitting organic material, a hole injecting
layer, an electron injecting layer, a hole transporting layer or
an electron transporting layer and the like.

[0032] As is shown in FIG. 4, a first organic insulating
layer 114 is arranged above the first substrate 102. In the
present embodiment, the first organic insulating layer 114
refers to a layer including a planarization insulating layer
116 and a bank layer 118. The first organic insulating layer
114 partially contacts at least one of the first electrode 130,
the light emitting layer 132 and the second electrode 134.
The planarization insulating layer 116 is arranged between
the first electrode 130 and the first substrate 102. The
planarization insulating layer 116 is arranged in order to
planarize irregularities caused by transistors, wirings or the
like (not shown in the diagram) arranged in a layer below.
An organic insulating material can be used as the material of
the planarization insulating layer 116. For example, a poly-
imide resin, an acrylic resin or a combination thereof or the
like can be used as the organic insulating material.

[0033] The bank layer 118 partitions each of the plurality
of pixels 106. Specifically, the bank layer 118 is in contact
with the planarization insulating layer 116 and is in contact
with an upper end part of the surface of the first electrode
130 on a side where the light emitting layer 132 is arranged.
The bank layer 118 is arranged between two adjacent first
electrodes 130 and partitions two adjacent pixels 106. It is
preferred to use an insulating material as the material of the
bank layer 118. For example, a polyimide resin, an acrylic
resin or a combination thereof or the like can be used as the
organic insulating material for forming the bank layer 118.

[0034] By arranging the bank layer 118 formed from an
insulating material, it is possible to prevent short circuits
between the second electrode 134 and the first electrode 130
at the end part of the first electrode 130. Furthermore, it is
possible to reliably insulate adjacent pixels 106.

[0035] As is shown in FIG. 2 and FIG. 3, the first organic
insulating layer 114 is arranged with a first opening part
114a which exposes the plurality of pixels 106 and passes
through the first organic insulating layer 114. The planariza-
tion insulating layer 116 and the bank layer 118 are separated
into the inside and the annular shaped first opening part 114a
as a boundary (see FIG. 4). In this way, in the display device
100, the first opening part 114a forms an annular groove
which divides the first organic insulating layer 114 into the
pixel region 102a in which the plurality of pixels 106 are
arranged and a periphery region on the outer side thereof.
When an outer peripheral part of the organic insulating layer
is exposed to the air, that part can become a moisture
infiltration path and by including such a first opening part
114a. However, the first opening part 114a can block an
infiltration path for moisture from the outside to the inside
of the first opening part 114a. In this way, it is possible to
prevent deterioration of the pixels 106 arranged inside the
first opening part 1144, and the reliability of the display
device 100 is improved.

[0036] The display device 100 according to the present
embodiment may further include a drive circuit which is
arranged outside the first opening part 114a and drives the
plurality of pixels 106.
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[0037] As is shown in FIG. 4, a sealing layer 120 is
arranged in a layer further above the first organic insulating
layer 114. The sealing layer 120 covers a side wall and
bottom of the first opening part 114a. An end part of the
sealing layer 120 is arranged outside the first opening part
114a. Furthermore, the sealing layer 120 covers an end part
of the first organic insulating layer 114. In the present
embodiment, the sealing layer 120 has regions including a
first inorganic insulating layer 1224, a second organic insu-
lating layer 124 and a second inorganic insulating layer 1225
in this order from the first substrate 102 side.

[0038] The first inorganic insulating layer 122a provided
on the lower side of the second organic insulating layer 124
is arranged so that the second organic insulating layer 124
which is easily permeable to moisture, does not come into
contact with the light emitting element 128. Therefore, an
insulating material having low moisture permeability is
preferred as the material of the first inorganic insulating
layer 122a. As specific examples of the material of the first
inorganic insulating layer 122a, silicon oxide (Si0,), silicon
nitride (SiN,), silicon oxynitride (SiO,N,), silicon nitride
oxide (8iN,O,), aluminum oxide (AlO,), aluminum nitride
(AIN)), aluminum oxynitride (AIO,N)) and aluminum
nitride oxide (AIN,O,) can be used (x and y are arbitrary).
In addition, a structure in which these layers are stacked may
be used. A plasma CVD method, a sputtering method, or the
like can be used as a method for forming the first inorganic
insulating layer 122a.

[0039] The second organic insulating layer 124 is arranged
above the first inorganic insulating layer 122a. In addition,
the second organic insulating layer 124 is arranged in a
region where an end part thereof overlaps the first opening
part 114a. That is, the second organic insulating layer 124 is
wider than the light emitting layer 132 in a planar view and
is arranged so as to completely cover the light emitting layer
132.

[0040] The second organic insulating layer 124 is arranged
to planarize irregularities caused by the plurality of light
emitting elements 128 arranged under the sealing layer 120
or the bank layer 118 and the like. When these irregularities
are not sufficiently planarized and the second inorganic
insulating layer 1225 is arranged above the second organic
insulating layer 124, the second inorganic insulating layer
1226 may not sufficiently cover the irregularities of the
second organic insulating layer 124, defects such as cracks
may be generated in the second inorganic insulating layer
1225, and a moisture infiltration path due to the defect may
be generated.

[0041] The thickness of the second organic insulating
layer 124 is preferred to be 10 pm or more and 50 pm or less.
When the film thickness of the second organic insulating
layer 124 is smaller than this range, the irregularities
described above may not be sufficiently planarized. In such
a case, the covering properties of the second inorganic
insulating layer 1225 arranged in the upper layer become
insufficient, and a moisture infiltration path such as a crack
may be generated in the second inorganic insulating layer
1225. On the other hand, if the film thickness of the second
organic insulating layer 124 is larger than this range, the
translucency of the sealing layer 120 is reduced which leads
to a decrease in the luminance which is observed.

[0042] For example, an acrylic resin or an epoxy resin, or
the like can be used as the material of the second organic
insulating layer 124. A coating method or an evaporation
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method or the like can be used as a method for forming the
second organic insulating layer 124.

[0043] The second inorganic insulating layer 1224 is
arranged above the second organic insulating layer 124. The
second inorganic insulating layer 1225 is arranged along an
upper surface part and an end part of the second organic
insulating layer 124 and along an upper surface of the first
inorganic insulating layer 122a in an outer region of the
second organic insulating layer 124. That is, the second
organic insulating layer 124 is sealed by the first inorganic
insulating layer 122a and the second inorganic insulating
layer 1225. By adopting such a structure, the sealing layer
120 can block the infiltration path of moisture from the
outside to the inside of the display device 100 via the second
organic insulating layer 124.

[0044] It is preferred to use an insulating material having
low moisture permeability as the material of the second
inorganic insulating layer 1225 the same as the first inor-
ganic insulating layer 1224. A plasma CVD method or a
sputtering method or the like can be used as a method for
forming the second inorganic insulating layer 1225.

[0045] Since an organic insulating layer easily becomes a
moisture infiltration path, if moisture penetrates to the
second organic insulating layer 124, there is concern that the
moisture may reach the first inorganic insulating layer 122a
and may further enter the light emitting layer 132. In the
present embodiment, since the second organic insulating
layer 124 secures a high degree of flatness, the second
inorganic insulating layer 1225 has excellent covering prop-
erties so that a moisture infiltration path is difficult to be
generated.

[0046] As is shown in FIG. 2 and FIG. 3, the sealing layer
120 further has an annular shaped second opening part 120a
surrounding the first opening part 114a. The second opening
part 120a is arranged on the outer side of the end part of the
second organic insulating layer 124. That is, the second
opening part 120a is arranged in a region where the first
inorganic insulating layer 1224 and the second inorganic
insulating layer 1225 are stacked and passes through the first
inorganic insulating layer 1224 and the second inorganic
insulating layer 1225. As is shown in FIG. 4, the inner side
and the outer side of the sealing layer 120 are separated by
the second opening part 120a. In the present embodiment,
the second opening part 1204 is a through-groove which
passes through the first inorganic insulating layer 122a and
the second inorganic insulating layer 1225 and exposes the
first organic insulating layer 114.

[0047] When micro-cracks are generated in the first inor-
ganic insulating layer 122a and the second inorganic insu-
lating layer 1225, there arises a problem that it grows and
spreads. In particular, in a display device which has flex-
ibility, bending stress operates by repeating deformation
which leads to a situation where cracks easily grow. As a
result, there is a possibility that a moisture infiltration path
which reaches the light emitting layer is generated.

[0048] However, with the configuration according to the
present embodiment, even if cracks are generated in the first
inorganic insulating layer 122¢ or the second inorganic
insulating layer 1225 on the outer side of the second opening
part 120q, the growth of the crack can be stopped by the
second opening part 120a and it is possible to prevent cracks
from extending in the display region 102a. In other words,
even if cracks occur in the first inorganic insulating layer
122a or the second inorganic insulating layer 1225 on the
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outer side of the second opening 120q, the inner side of the
second opening part 120a is not influenced by the crack.
[0049] Here, as described in detail later, one of the causes
why cracks are generated in the first inorganic insulating
layer 122a or the second inorganic insulating layer 1224
outside the second opening part 120a reside in the step of
dividing the mother glass substrate (a substrate on which
plurality of panels are formed) into a plurality of substrates.
At this time, the first inorganic insulating layer 122¢ and the
second inorganic insulating layer 12256 forming the sealing
layer 120 are formed on the entire surface of the mother
glass substrate. Thus, before dividing the mother glass
substrate, by arranging the second opening part 120q in the
first inorganic insulating layer 122a and the second inor-
ganic insulating layer 1225, it is possible to prevent cracks
generated at the time of division from growing to the inner
side of the second opening part 120¢. In this way, it is
possible to improve the manufacturing yield of the display
device 100.

[0050] Even if moisture penetrates to the first organic
insulating layer 114 from the second opening part 120a, the
pixel 106 including an organic material is not arranged on
the outer side of the first opening part 1144, and for example,
a drive circuit or the like is arranged. Elements such as
transistors and capacitors arranged in a drive circuit have
high resistance to moisture compared to organic materials.
Therefore, moisture entering from the second opening part
120a has little effect on the elements which form a drive
circuit. In addition, at this time, since the inside and the
outside of the first organic insulating layer 114 are separated
by the first opening part 1144, a moisture infiltration path to
the inside of the first opening part 114a via the first organic
insulating layer 114 does not exist. Therefore, even if the
second opening part 120a is arranged, moisture does not
enter the display region 102a via the second opening part
120q and the light emitting layer 132 does not deteriorate.
[0051] The width of the second opening part 1204 is not
particularly limited as long as it is arranged on the outer side
of the first opening part 114qa. However, when the manu-
facturing process is taken into account, the width of the
second opening part 120a is preferred to be 20 pm or more
and 40 pm or less. Although described in detail later, the
second opening part 120a can be formed by laser processing
as an example. At this time, the beam diameter of the laser
beam emitted from the laser light source can be set to the
range described above by converging using a lens.

[0052] Furthermore, in the present embodiment, as is
shown in FIG. 2 and FIG. 3, although the second opening
part 120a is arranged to singly surround the first opening
part 114a in a planar view, the present invention is not
limited to this structure. A plurality of second opening parts
1204 may be arranged to doubly surround or more the first
opening part 114¢ in a planar view.

[0053] As is shown in FIG. 4, the second substrate 104 is
arranged on the upper surface of the display region 102a of
the first substrate 102 so as to face the first substrate 102.
The second substrate 104 is fixed to the first substrate 102 by
a sealing material 110. Any substrate that can be used as the
first substrate 102 described above can be used as the second
substrate 104.

[0054] The sealing material 110 surrounds the periphery
part of the second substrate 104 and fixes the first substrate
102 and the second substrate 104 together. The plurality of
pixels 106 arranged on the first substrate 102 are sealed so



US 2018/0301651 A1

as not to be exposed to the air by the second substrate 104
and the sealing material 110. By such a sealing structure,
deterioration of the light emitting element 128 included in
each of the plurality of pixels 106 is suppressed. Further-
more, when fixing the second substrate 104 to the first
substrate 102, other methods may be used without neces-
sarily using the sealing material 110, and it is not necessary
to arrange the sealing material 110 at that time. For example,
a filler may be arranged between the first substrate 102 and
the second substrate 104 to seal the plurality of pixels 106.
In addition, the second substrate 104 may be omitted and the
plurality of pixels 106 may be sealed by a sealing resin layer.
[0055] According to the structure of the display device
100 according to the present embodiment, even if cracks are
generated in the sealing layer 120 at the periphery edge part
of the display device 100 and grow, it is possible for this
growth to be stopped by the second opening part 120a. Even
if a crack is generated in the sealing layer 120 at the
periphery edge part of the display region 1024, a moisture
infiltration path due to the crack is not formed inside the
second opening part 120a. Therefore, it is possible to
provide the display device 100 with improved resistance to
the entrance of moisture.

[0056] A method of manufacturing the display device 100
according to the present embodiment is explained in detail
while referring to the diagrams. FIG. 5 is a planar diagram
for explaining a manufacturing method of the display device
100 according to the present embodiment. FIG. 6A to FIG.
6F are cross-sectional diagram for explaining a method of
manufacturing the display device 100 according to the
present embodiment. FIG. 5 shows an aspect in which a
plurality of display panels 103 are built in a mother glass
substrate 101 which is also called mother glass. The display
panel 103 includes a display region 1024, a terminal region
1026 and a region in which a driver IC 112 is mounted.
[0057] FIG. 5 and FIG. 6A are a planar diagram and a
cross-sectional diagram respectively showing a state in
which a bank layer 118 is formed. Here, FIG. 6A shows a
cross-section along a line C1-C2 in FIG. 5. That is, in the
processes so far, circuit elements are formed corresponding
to each of the plurality of display panels 103 on the mother
glass substrate 101, a planarization insulating layer 116 is
formed on substantially the entire surface of the mother
glass substrate 101, and the first electrode 130 and the bank
layer 118 are formed in respective regions of the plurality of
display panels 103. Here, by patterning the planarization
insulating layer 116 and the bank layer 118, the first opening
part 114a is formed on the mother glass substrate 101. The
first opening part 114a is arranged to surround the plurality
of pixels 106 in each region divided into each of the plurality
of display panels 103.

[0058] Next, a light emitting element 128 is formed (FIG.
6B). The first electrode 130 is formed in the stage shown in
FIG. 6A. In this state, the light emitting layer 132 is formed
and the second electrode 134 is formed above the light
emitting layer 132 so as to cover the plurality of pixels 106.
The light emitting layer 132 may include a hole injection
layer, a hole transport layer, an electron injection layer and
an electron transport layer and the like in addition to an
actual light emitting layer from which light emitting mol-
ecules are excited. Furthermore, the light emitting layer 132
and the second electrode 134 are not limited to the layout as
in the present embodiment and may be formed for each pixel
106. In this step, it is preferred that the light emitting layer
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132 is not formed in a region that becomes the first opening
part 1144 and a dividing line 101a.

[0059] Next, a sealing layer 120 is formed (FIG. 6C). In
the present embodiment, the sealing layer 120 is formed in
order of the first inorganic insulating layer 122q, the second
organic insulating layer 124 and the second inorganic insu-
lating layer 1225 from a lower layer.

[0060] An insulating material having low moisture per-
meability is preferred as the material of the first inorganic
insulating layer 122a. As specific examples of the material
of the first inorganic insulating layer 122¢, silicon oxide
(810,), silicon nitride (SiN,), silicon oxynitride (SiON ),
silicon nitride oxide (SiN,O,), aluminum oxide (AlO,),
aluminum nitride (AIN,), aluminum oxynitride (AIO,N,)
and aluminum nitride oxide (AIN,O,) and the like can be
used (x and y are arbitrary). In addition, a structure in which
these layers are stacked may be used. The first inorganic
insulating layer 122a is formed on the entire surface of the
mother glass substrate 101. A plasma CVD method or a
sputtering method or the like can be used as a method for
forming the first inorganic insulating layer 122a.

[0061] For example, an acrylic resin or an epoxy resin or
the like can be used as the material of the second organic
insulating layer 124. The second organic insulating layer
124 is formed so that the end part thereof is positioned
within the first opening part 1144 in each of the regions
which are divided into the plurality of display devices 100.
A coating method or an evaporation method or the like can
be used as a method for forming the second organic insu-
lating layer 124. Patterning is performed by a photolithog-
raphy process after formation of the second organic insu-
lating layer 124. Here, the end part of the second organic
insulating layer 124 is formed so as to be positioned within
the first opening part 114a in each of the regions which are
divided into the plurality of display devices 100.

[0062] The same material as that of the first inorganic
insulating layer 122a can be used as the material of the
second inorganic insulating layer 1225. Similar to the first
inorganic insulating layer 122, the second inorganic insu-
lating layer 1225 is also formed on the entire surface of the
mother glass substrate 101. A plasma CVD method or a
sputtering method or the like can be used as a method for
forming the second inorganic insulating layer 1225.

[0063] Next, a second opening part 120a is formed in the
sealing layer 120 (FIG. 6D). The second opening part 120a
is formed so as to pass through the first inorganic insulating
layer 122a and the second inorganic insulating layer 1225
and to surround the first opening part 1144 in each of the
regions which are divided into the plurality of display
devices 100. The second opening part 120a can be formed
by laser irradiation. The type of laser light source used is not
limited and a YAG laser or excimer laser can be used. In
addition, the light beam diameter of the laser may be
appropriately used according to the design of the diameter of
the second opening part 120a.

[0064] Next, the mother glass substrate 101 is divided into
a plurality of display devices 100 along the dividing line
101a shown in FIG. 5 (FIG. 6E). It is possible to use blade
dicing or laser ablation or the like for dividing the mother
glass substrate 101. At this time, even if the mother glass
substrate 101 is divided along the dividing line 1014, it is
possible to prevent cracks entering the display region 102a
by arranging the second opening part 120a in the first
inorganic insulating layer 122a and the second inorganic
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insulating layer 122b. In other words, by arranging the
second opening part 120a which passes through the first
inorganic insulating layer 122a and the second inorganic
insulating layer 1225 further to the inner side of the display
panel on the mother glass substrate 101 than the dividing
line 1014, it is possible to prevent cracks generated from the
dividing line 101a from affecting the plurality of pixels 106
arranged in the display region 102a.

[0065] Next, the divided substrate and the second sub-
strate 104 are sealed with the sealing material 110 so that the
display region 102q is sealed so as not to be exposed to the
air, and thereby the display device 100 according to the
present embodiment shown in FIG. 4 is obtained.

[0066] The preferred forms of the present invention were
explained above. However, these are merely examples and
are not limited to the technical scope of the present inven-
tion. A person ordinarily skilled in the art could perform
various modifications without departing from the gist of the
present invention and therefore, such modifications are
naturally to be interpreted as belonging to the technical
scope of the present invention.

What is claimed is:

1. A display device comprising:

a substrate;

a plurality of pixels above the substrate, each of the
plurality of pixels including a first electrode, a light
emitting layer above the first electrode, and a second
electrode above the light emitting layer;

a display region including the plurality of pixels;

a first organic insulating layer located between the sub-
strate and the light emitting layer; and

a sealing layer above the second electrode and covering
the plurality of pixels,

wherein

the first organic insulating layer includes a first opening
part surrounding the display region;

the sealing layer has a stacked structure, the stacked
structure is stacked with a first inorganic insulating
layer, a second organic insulating layer and a second
inorganic insulating layer from a substrate side;

the first inorganic insulating layer and the second inor-
ganic insulating layer cover the first opening part;

an end part of the first inorganic insulating layer and an
end part of the second inorganic insulating layer are
located in a first region which is an opposite side of the
first opening part from the display region;

the first region includes a second region where the first
inorganic insulating layer directly contacts the second
inorganic insulating layer; and

the second region includes a second opening part passing
through the first inorganic insulating layer and the
second inorganic insulating layer.

2. The display device according to claim 1, wherein the

second opening part is annular shape.

3. The display device according to claim 2, wherein a
width of the second opening part is 20 pm or more and 40
um or less.

4. The display device according to claim 1, wherein the
first organic insulating layer includes a planarizing insulat-
ing layer located between the first electrode and the substrate
and directly contacting the first electrode, and a bank layer
covering a part of the first electrode and demarcating the
plurality of pixels.
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5. The display device according to claim 1, wherein the
second opening part is arranged above the first organic
insulating layer in a planar view.

6. The display device according to claim 1, wherein the
first inorganic insulating layer and the second inorganic
insulating layer are in direct contact with each other in the
first opening part.

7. A display device, comprising:

a substrate;

a plurality of pixels above the substrate;

a display region including the plurality of pixels;

a periphery region at an outer side of the display region;

an inorganic insulating layer covering the plurality of

pixels and located over the display region and the
periphery region;

an organic insulating layer located on a substrate side of

the inorganic insulating layer and located in the periph-
ery region; and

an opening part located above the organic insulating layer

in the periphery region and passing through the inor-
ganic insulating layer.

8. The display device according to claim 7, wherein the
opening part exposes the organic insulating layer.

9. The display device according to claim 7, wherein the
opening part has an annular shape and surrounds the display
region.

10. The display device according to claim 7, further
comprising a region where the inorganic insulating layer is
included and the organic insulating layer is not included,

wherein the region is located between the display region

and the opening part.

11. The display device according to claim 7, wherein each
of the plurality of pixels includes a light emitting layer, and
the inorganic insulating layer covers the light emitting layer.

12. The display device according to claim 11, further
comprising a second organic insulating layer and a second
inorganic insulating layer,

wherein

the second organic insulating layer is located above the

inorganic insulating layer and covers the light emitting
layer,

the second inorganic insulating layer is located above the

second organic insulating layer and covers the light
emitting layer,

the inorganic insulating layer and the second inorganic

insulating layer are in direct contact with each other in
the periphery region, and

the opening part passes through the inorganic insulating

layer and the second inorganic insulating layer.

13. The display device according to claim 12, wherein a
region where the inorganic insulating layer directly contacts
the second inorganic insulating layer and where the organic
insulating layer and the second organic insulating layer are
not included is located between the display region and the
opening part.

14. The display device according to claim 13, wherein the
region has an annular shape.

15. The display device according to claim 7, further
comprising a bank layer demarcating the plurality of pixels,

wherein the organic insulating layer is a same layer as the

bank layer.
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