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(57) ABSTRACT

A display device includes: a light emitting element including
a light emitting layer, and a first electrode and a second
electrode that hold the light emitting layer therebetween; and
a sealing layer on the light emitting element, wherein the
sealing layer includes an organic layer, and a first inorganic
layer and a second inorganic layer that hold the organic layer
from an upper side and a lower side. A peripheral part of the
first inorganic layer and a peripheral part of the second
inorganic layer are connected around an outer perimeter of
the organic layer and vertically overlap with each other so as
not to cover an edge surface of each other’s from a lateral
side. At least one of the first inorganic layer and the second
inorganic layer is an Aluminum Oxide film.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2016-034588 filed on Feb. 25, 2016, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device.
[0004] 2. Description of the Related Art

[0005] Since a light emitting element layer such as an

organic electroluminescence layer deteriorates by absorbing
moisture, it is necessary to cover it with a sealing film to shut
it off from an atmosphere. When SiN is used as a material
for the sealing layer, the film thickness increases, and in the
case of a flexible display, when it is bent, the sealing film
possibly cracks. Further, according to some method of
forming the film, SiN includes H,, and thus if a thin film
transistor is formed with a transparent amorphous oxide
semiconductor (TAOS), a threshold voltage (V,,) gets
shifted when a diffusion of H, reaches TAOS.

[0006] Japanese Unexamined Patent Publication No.
2015-023023 and Japanese Patent No. 4303591 disclose
sealing films that include an Aluminum Oxide film, but the
Aluminum Oxide film is sealed by another film. Japanese
Unexamined Patent Publication No. 2000-223264 discloses
a sealing film that includes an Aluminum Oxide film.
Japanese Unexamined Patent Publication No. 2004-063462
discloses a sealing film for which a diamond like carbon is
used. Regarding a display device, needs for narrowing down
a width of a frame that surrounds a display region are
increasing, but such needs are not considered in those patent
documents.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to form a
sealing layer that accommodates itself to the narrowing of a
frame, has increased flexibility, and prevents intrusion of
moisture, and it is also an object of the present invention to
stabilize a semiconductor property, that is, for example, to
prevent the diffusion of H, to control a shift of threshold
voltage of a thin film transistor formed with the transparent
amorphous oxide semiconductor (TAOS).

[0008] A display device according to the present invention
includes: a light emitting element including a light emitting
layer, and a first electrode and a second electrode that hold
the light emitting layer therebetween; and a sealing layer on
the light emitting element, wherein the sealing layer
includes an organic layer, and a first inorganic layer and a
second inorganic layer that hold the organic layer from an
upper side and a lower side, a peripheral part of the first
inorganic layer and a peripheral part of the second inorganic
layer are connected around an outer perimeter of the organic
layer and vertically overlap with each other so as not to
cover an edge surface of each other’s from a lateral side, and
at least one of the first inorganic layer and the second
inorganic layer is an Aluminum Oxide film. According to the
present invention, the peripheral part of the first inorganic
layer and the peripheral part of the second inorganic layer do
not cover the edge surface of each other’s. Therefore,
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compared with the case where the peripheral part of one of
these covers the edge surface of the peripheral part of the
other’s, a formation region of the sealing layer becomes
small, and the device can accommodate itself to the nar-
rowing of a frame. Further, since one layer in the sealing
layer is an Aluminum Oxide film, it is possible to form the
sealing layer that can be bent easily and contains no mois-
ture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a planar view of a display device
according to an embodiment of the present invention.
[0010] FIG. 2 illustrates a II-1I line cross sectional view of
a display device illustrated in FIG. 1.

[0011] FIG. 3 illustrates a magnified view of part III
encircled by a chain line in FIG. 2.

[0012] FIG. 4 illustrates a cross sectional view of an edge
part of a display device illustrated in FIG. 2.

[0013] FIG. 5illustrates a cross sectional view of a display
device according to a first variation of the embodiment.
[0014] FIG. 6illustrates a cross sectional view of a display
device according to a second variation of the embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] Embodiments of the present invention are illus-
trated with reference to the accompanying drawings as
follows. Note that the present invention can be used in
various modes which do not depart from the spirit of the
present invention, and should not be interpreted within a
description of exemplary embodiments illustrated below.
[0016] While the width, thickness, shape, and the like of
each component in the drawings may be illustrated sche-
matically as compared with the actual embodiments in order
to clarify the explanation, these are merely examples and the
interpretation of the present invention should not be limited
thereto. Furthermore, in the specification or respective draw-
ings, the same reference symbols may be applied to elements
that have functions similar to those that have already been
illustrated in another drawing and an explanation of such
elements may be omitted as appropriate.

[0017] Further, in the detailed explanation of the present
invention, when a positional relationship between one com-
ponent and another component is defined, unless specified
otherwise, the words “on” and “under” are not applied only
to a case where the other component is located directly on
or directly under the one component, but may also be
applied to a case where still another component is interposed
between the one component and the other component.
[0018] FIG. 1is a planer view of a display device accord-
ing to an embodiment of the present invention. As a display
device 100, an organic electroluminescence display device
is mentioned as an example. The display device 100 is
configured to combine unit pixels of a plurality of colors
composed of, for example, red, green and blue (subpixels) to
form a pixel of full color (a pixel) and display an image of
full color in a display region 10.

[0019] FIG. 2 is a II-II line cross sectional view of the
display device illustrated in FIG. 1. The display device 100
has a curved shape, and a spacer 12 is arranged inside the
curvature. The spacer 12 works as a guide that restricts the
curvature of the display device 100. An integrated circuit
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chip 14 is provided on the display device 100, and a flexible
printed circuit (FPC) 16 is connected to the display device
100.

[0020] FIG. 3 is a magnified view of part III encircled by
a chain line in FIG. 2. The display device 100 has a first
substrate 18 made of a material having flexibility such as
resin. The first substrate 18 is located inside the curvature
illustrated in FIG. 2. Inside the curvature, at least on the
backside of the display region 10 of the display device 100,
a first reinforcing film 20 is attached to the first substrate 18.
Further, as illustrated in FIG. 2, a second reinforcing film 22
is attached so as to be opposed to the first reinforcing film
20, and the first reinforcing film 20 and the second reinforc-
ing film 22 are attached to each other via an adhesive 24 to
thereby maintain the curved state of the display device 100.
[0021] As illustrated in FIG. 3, on the first substrate 18, an
undercoat layer 26 is formed that becomes a barrier against
impurities that are contained by the first substrate 18 itself,
and a semiconductor layer 28 is formed thereon. A source
electrode 30 and a drain electrode 32 are connected electri-
cally to the semiconductor layer 28, and a gate insulation
film 34 is formed so as to cover the semiconductor layer 28.
A gate electrode 36 is formed on the gate insulation film 34,
and an interlayer insulation film 38 is formed so as to cover
the gate electrode 36. The source electrode 30 and the drain
electrode 32 penetrate the gate insulation film 34 and the
interlayer insulation film 38. A thin film transistor 40 is
constituted by the semiconductor layer 28, the source elec-
trode 30, the drain electrode 32 and the gate electrode 36. A
passivation film 42 is provided so as to cover the thin film
transistor 40.

[0022] A planarization layer 44 is provided on the passi-
vation film 42. A plurality of pixel electrodes 46 (e.g.
anodes) arranged to correspond to each of the plurality of
unit pixels are provided on the planarization layer 44. The
planarization layer 44 is formed so that at least a surface
where the pixel electrode 46 1s provided is planarized. The
pixel electrode 46 is electrically connected to one of the
source electrode 30 and the drain electrode 32 on the
semiconductor layer 28 through a contact hole 48 that
penetrates the planarization layer 44 and the passivation film
42.

[0023] An insulation layer 50 is formed on the planariza-
tion layer 44 and the pixel electrode 46. The insulation layer
50 is put on a peripheral part of the pixel electrode 46, and
is configured to form an opening at a part (e.g. a central part)
of the pixel electrode 46. A bank to surround the part of the
pixel electrode 46 is formed by the insulation layer 50.
[0024] A light emitting layer 52 is provided on the pixel
electrode layer 46. The light emitting layer 52 is provided
individually (separately) for each pixel electrode 46, and is
configured to be put also on the insulation layer 50. In this
case, the light emitting layer 52 emits light in blue, red and
green in correspondence with respective pixels. As a varia-
tion, the light emitting layer 52 may be configured to be
located on the plurality of pixel electrodes 46 to form a
continuous layer and made to emit light in white, and in such
a case a color filter is provided.

[0025] On the light emitting layer 52, a common electrode
(e.g. a cathode) is provided. The common electrode is
formed to be put on the insulation layer 50 that constitutes
the bank. A light emitting element 56 is constituted by the
light emitting layer 52, and the pixel electrode 46 (the
anode) and the common electrode (the cathode) that hold the
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light emitting layer 52 therebetween. The light emitting
layer 52 is held between the pixel electrode 46 and the
common electrode 54, and emits light with its luminance
controlled by a current that runs therebetween. Between the
light emitting layer 52 and the pixel electrode 46 (the
anode), at least one of a hole injection layer and a hole
transport layer (not shown) may be provided. Between the
light emitting layer 52 and the common electrode 54 (the
cathode), at least one of an electron injection layer and an
electron transport layer (not shown) may be provided.
[0026] The light emitting element 56 is covered by a
sealing layer 58 laminated on the common electrode 54 to be
sealed and is shut off from moisture. The sealing layer 58
includes an organic layer 60, and a first inorganic layer 62
and a second inorganic layer 64 that hold the organic layer
60 from an upper side and a lower side. Both of the first
inorganic layer 62 and the second inorganic layer 64 are
Aluminum Oxide films. The thickness of the Aluminum
Oxide films is in the range of 25 nm to 100 nm, and is
preferably around 25 nm, in particular. Since at least one
layer in the sealing layer 58 is an Aluminum Oxide film, the
sealing layer 58 can be bent easily and is configured to
contain no moisture.

[0027] FIG. 4 is a cross sectional view of an edge part of
the display device illustrated in FIG. 2. A peripheral part of
the first inorganic layer 62 and a peripheral part of the
second inorganic layer 64 vertically overlap with each other
so as to seal the organic layer 60 at its outer perimeter. The
peripheral part of the first inorganic layer 62 and the
peripheral part of the second inorganic layer 64 do not cover
an edge surface of each other’s from a lateral side. That is,
a tip of one of the first inorganic layer 62 and the second
inorganic layer 64 is not located farther than the peripheral
part of the other’s. Therefore, compared with the case where
the peripheral part of one of these covers an edge surface of
the peripheral part of the other’s, a formation region of the
sealing layer 58 becomes small, and the device can accom-
modate itself to the narrowing of a frame.

[0028] To the sealing layer 58, a second substrate 68 made
of a material having flexibility such as resin is attached with
an intervention of an adhesive layer 66. On the front side of
the curvature of the display device 100, a third reinforcing
film 70 is attached to the second substrate 68 (see FIG. 2).
[0029] FIG. 5is a cross sectional view of a display device
according to a first variation of the embodiment. This
example is the same with the above embodiment in that a
first inorganic layer 162 is the Aluminum Oxide film. A
second inorganic layer 164 is a Silicon Nitride film. A
thickness of the Silicon Nitride film is around 1 pm. A
sealing layer 158 includes an organic layer 160, and the first
inorganic layer 162 and the second inorganic layer 164 that
hold the organic layer 160 from an upper side and a lower
side.

[0030] FIG. 6 is a cross sectional view of a display device
according to a second variation of the embodiment. This
example is the same with the above embodiment in that a
second inorganic layer 264 is the Aluminum Oxide film. A
first inorganic layer 262 is a Silicon Nitride film. A thickness
of the Silicon Nitride film is around 1 um. A sealing layer
258 includes an organic layer 260, and the first inorganic
layer 262 and the second inorganic layer 264 that hold the
organic layer 260 from an upper side and a lower side.
[0031] The display device 100 is not limited to be an
organic electroluminescence display device, and may be a
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display device that is provided with a light emitting element
such as a quantum-dot light emitting diode (QLED) for each
pixel or may be a liquid crystal display device.

[0032] While there have been described what are at pres-
ent considered to be certain embodiments of the invention,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A display device comprising:

a light emitting element including a light emitting layer,
a first electrode, and a second electrode, the first
electrode and the second electrode holding the light
emitting layer therebetween; and

a sealing layer on the light emitting element,

wherein the sealing layer comprises an organic layer, a
first inorganic layer, and a second inorganic layer, the
first inorganic layer and the second inorganic layer
holding the organic layer from an upper side and a
lower side,
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a peripheral part of the first inorganic layer and a periph-
eral part of the second inorganic layer are connected
around an outer perimeter of the organic layer and
vertically overlap with each other so as not to cover an
edge surface of each other’s from a lateral side, and

at least one of the first inorganic layer and the second
inorganic layer is an Aluminum Oxide film.

2. The display device according to claim 1,

wherein one of the first inorganic layer and the second
inorganic layer is an Aluminum Oxide film, and

the other one of the first inorganic layer and the second
inorganic layer is a Silicon Nitride film.

3. The display device according to claim 1,

wherein the display device is configured to bend at a
portion which includes the first inorganic layer and the
second inorganic layer.

4. The display device according to claim 3,

wherein one of the first inorganic layer and the second
inorganic layer is an Aluminum Oxide film, and

the other one of the first inorganic layer and the second
inorganic layer is a Silicon Nitride film.
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