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The organic electroluminescence display device has a circuit
board, an element layer which contains an organic electrolu-
minescence film and a positive electrode and a negative elec-
trode sandwiching the organic electroluminescence film and
which is formed on the circuit board, and a sealing film
sealing the element layer. The sealing film contains an inor-
ganic layer covering the element layer and an organic layer
formed between a part of the element layer and a part of the
inorganic layer. The upper surface of the element layer has an
inorganic contact area contacting the inorganic layer and an
organic contact area contacting the organic layer. The organic
contact area is a hollow in the upper surface of the element
layer. The area of the upper surface of the organic layer is
smaller than the area of the lower surface contacting the inner
surface of the hollow.
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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2013-251216 filed on Dec. 4, 2013, 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 an organic elec-
troluminescence display device.

[0004] 2. Description of the Related Art

[0005] Organic electroluminescence display apparatuses
require a sealed structure for isolating the organic EL (Elec-
tro-Luminescence) film such as the light-emitting layer from
the air. For example, a structure in which a multilayer sealing
film containing an organic film of a resin sandwiched between
inorganic films is used for sealing the organic EL film is
known (Japanese Patent No. 4303591).

[0006] Although a high barrier property can be obtained
with a structure in which the sealing film has an organic film,
there has been a problem in that light is easily refracted at the
boundary surface between the organic film and an inorganic
film because the refractive indexes of these films are signifi-
cantly different. In addition, when an organic film, which
easily absorbs water, is continuously provided, there has been
a problem in that water easily permeates and spreads.

SUMMARY OF THE INVENTION

[0007] An object ofthe invention is to provide a sealing film
which maintains a high barrier property and in which the
refraction of light and the spread of water can be prevented.

[0008] (1) The organic electroluminescence display device
according to the invention is characterized by having: a circuit
board; an element layer which contains an organic electrolu-
minescence film and a positive electrode and a negative elec-
trode sandwiching the organic electroluminescence film and
which is formed on the circuit board; and a sealing film
sealing the element layer: in which the sealing film contains
an inorganic layer covering the element layer and an organic
layer formed between a part of the element layer and a part of
the inorganic layer; the upper surface of the element layer has
an inorganic contact area contacting the inorganic layer and
an organic contact area contacting the organic layer; the
organic contact area is a hollow in the upper surface of the
element layer; and the area of the upper surface of the organic
layer is smaller than the area of the lower surface contacting
the inner surface of the hollow. According to the invention,
because the organic layer fills the hollow in the element layer,
the inorganic layer can be formed on a surface with less
unevenness and a high barrier property can be achieved. The
refraction of light can be prevented in the inorganic contact
area because there is no organic layer having a high refractive
index, and the spread of water can be prevented because the
organic layer is discontinuously provided.

[0009] (2) The organic electroluminescence display device
of (1) may be characterized in that the positive electrode is
two or more pixel electrodes under the organic electrolumi-
nescence film and the negative electrode is a common elec-
trode on the organic electroluminescence film.
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[0010] (3) The organic electroluminescence display device
of (2) may be characterized in that the upper surface of the
element layer has the inorganic contact area and the organic
contact area in an area over each of the pixel electrodes.
[0011] (4) The organic electroluminescence display device
of (2) or (3) may be characterized by further having an insu-
lating layer formed between an edge of each of the pixel
electrodes and the common electrode, in which the upper
surface of the element layer has a protruding part along the
shape of the insulating layer, and the hollow is formed from a
low area which is over each of the pixel electrodes and is
adjacent to the protruding part to an area rising to form the
protruding part.

[0012] (5) The organic electroluminescence display device
of any one of (1) to (4) may be characterized in that the
organic contact area is completely surrounded by the inor-
ganic contact area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1isaperspective view of an embodiment of the
organic electroluminescence display device according to the
invention.

[0014] FIG. 2 is a cross-section showing an embodiment of
the circuit board in detail.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Embodiments of the invention are explained below
referring to the drawings. FIG. 1 is a perspective view of an
embodiment of the organic electroluminescence display
device according to the invention.

[0016] As shown in FIG. 1, the organic electrolumines-
cence display device has a circuit board 10. On the circuit
board 10, an integrated circuit chip 12 for driving an element
for displaying an image is provided. A flexible wiring sub-
strate 14 is connected to the circuit board 10 for electrically
connecting the circuit board 10 to an external device.

[0017] Thedisplay devicehas an opposite substrate 16. The
opposite substrate 16 is provided in such a way that it faces the
circuit board 10 at a distance. The opposite substrate 16 may
be a color filter substrate. Although it is not shown in the
drawings, the opposite substrate 16 is attached to the circuit
board 10 with a fill agent filled in an area surrounded by a
damming material.

[0018] FIG. 2 s a cross-section showing an embodiment of
the circuit board 10 in detail. An element layer 18 is provided
on the circuit board 10. The element layer 18 contains an
organic electroluminescence film 20. The organic electrolu-
minescence film 20 contains a hole transport layer (not shown
in the drawings).

[0019] The hole transport layer can be formed using metal
phthalocyanine such as copper phthalocyanine and copper
tetra(t-butyl) phthalocyanine, metal-free phthalocyanine, a
quinacridone compound, an aromatic amine low-molecular
hole injection transport material such as 1,1-bis(4-di-p-toly-
laminophenyl)cyclohexane, N,N'-diphenyl-N,N'-bis(3-me-
thylphenyl)-1,1'-biphenyl-4,4'-diamine and N,N'-di(1-naph-
thyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine, a high-
molecular hole transport material such as poly(para-
phenylene vinylene) and polyaniline, a polythiophene
oligomer material, or other known hole transport materials.
[0020] After forming the hole transport layer, an organic
light-emitting layer (not shown in the drawings) is formed.
The organic light-emitting layer is a layer that emits light
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when electric current flows, and the organic light-emitting
material forming the organic light-emitting layer may be a
material that is generally used as an organic light-emitting
material. Examples thereof are known fluorescent low-mo-
lecular materials capable of emitting light from the singlet
state such as materials of coumarin, perylene, pyran,
anthrone, porphyrin, quinacridone, N,N'-dialkyl-substituted
quinacridone, naphthalimide and N,N'-diaryl-substituted
pyrrolopyrrole, and known phosphorescent low-molecular
materials capable of emitting light from the triplet state such
as rare-earth metal complexes.

[0021] After forming the organic light-emitting layer, an
electron transport layer (not shown in the drawings) is
formed. The material of the electron transport layer maybe a
material that is generally used as an electron transport mate-
rial. Examples thereof are low-molecular materials of triaz-
ole, oxazole, oxadiazole, silole, boron and the like, and the
electron transport layer can be formed by a vacuum vapor
deposition method.

[0022] As the method for forming the hole transport layer,
the organic light-emitting layer and the electron transport
layer, a vacuum vapor deposition method is used for a depo-
sition-type material, and a known film formation method such
as a nozzle printing method, a spin coating method, a slit
coating method, an ink-jet method or a letterpress printing
method can be used for a coating-type material.

[0023] The element layer 18 contains two or more pixel
electrodes 22 (positive electrodes). As the material of the
pixel electrodes 22, a transparent electrode material such as
ITO (a composite oxide of indium and tin), IZO (a composite
oxide of indium and zinc), tin oxide, zinc oxide, indium oxide
and a composite oxide of aluminum oxide can be used. In this
regard, ITO (indium tin oxide) is preferable because of its low
resistance, resistance to solvents, transparency or the like.
The pixel electrodes 22 are formed by film-forming of ITTO by
a sputtering method.

[0024] The element layer 18 also contains a common elec-
trode 24 (negative electrode). As the material of the common
electrode 24, for example, a transparent electrode material
such as ITO, IZ0, tin oxide, zinc oxide, indium oxide and a
composite oxide of aluminum oxide, or the like can be also
used, though the material is not limited to these examples. An
example of the method for forming the common electrode 24
(negative electrode) is a formation method by a sputtering
method.

[0025] Inthis regard, the present embodiment has a consti-
tution in which the hole transport layer, the organic light-
emitting layer and the electron transport layer have been
laminated between the pixel electrodes 22, which are positive
electrodes, and the common electrode 24, which is a negative
electrode, from the side of the pixel electrodes 22. 1t is pos-
sible to apply a laminate structure in which layers such as a
hole blocking layer and an electron injection layer selected if
necessary have been laminated in addition to the hole trans-
port layer and the organic light-emitting layer between the
pixel electrodes 22 and the common electrode 24. Further-
more, the same formation methods as for the hole transport
layer, the organic light-emitting layer and the negative elec-
trode layer can be used for forming these layers.

[0026] The organic electroluminescence film 20 is sand-
wiched between the pixel electrodes 22 (positive electrodes)
and the common electrode 24 (negative electrode). The pixel
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electrodes 22 are under the organic electroluminescence film
20. The common electrode 24 is on the organic electrolumi-
nescence film 20.

[0027] Aninsulatinglayer 26 is between an edge of each of
the pixel electrodes 22 and the common electrode 24. The
contact (short circuit) of the pixel electrodes 22 and the com-
mon electrode 24 can be prevented by the insulating layer 26.
The insulating layer 26 is formed using a photosensitive
material by a photolithography method. Specifically, a pho-
tosensitive resin composition is coated on the circuit board 10
and a partitioned pattern is formed by pattern-exposure and
development. The insulating layer 26 is formed using a resin
composition in such a way that the light-emitting area corre-
sponding to each pixel is divided, and the insulating layer 26
is formed to cover an edge of one of the pixel electrodes 22 for
example.

[0028] The upper surface of the element layer 18 has a
protruding part 28 along the shape of the insulating layer 26.
A hollow 30 is formed in the upper surface of the element
layer 18 from a low area which is over each of the pixel
electrodes 22 and is adjacent to the protruding part 28 to an
area rising to form the protruding part 28.

[0029] An organic layer 32 is provided in the hollow 30.
The organic layer 32 is formed from an acrylic resin, poly-
ethylene terephthalate or the like and can be formed by
optional appropriate processes including a vacuum process
such as vapor deposition, sublimation and a combination
thereof and a coating process such as a nozzle printing
method, a spin coating method, a slit coating method, an
ink-jet method, a letterpress printing method, an intaglio off-
set printing method and a letterpress reverse offset printing
method. The organic layer 32 is polymerized by applying UV
after the film formation.

[0030] The upper surface of the element layer 18 has an
organic contact area 34 contacting the organic layer 32. The
organic contact area 34 is in an area over each of the pixel
electrodes 22. The organic contact area 34 is the hollow 30 in
the upper surface of the element layer 18. The area of the
upper surface of the organic layer 32 is smaller than the area
of the lower surface contacting the inner surface of the hollow
30.

[0031] Aninorganic layer 36 is formed on the organic layer
32. For example, an SiN, SiO or SiON film is formed by a
plasma CVD method. In case of SiN, an SiN film is formed by
generating plasma ina mixed gas of SiH,, NH; and N, during
the film formation. The thickness of the SiN film is 400 nm
and the film formation is conducted at a substrate temperature
of 100° C. or lower.

[0032] The inorganic layer 36 can be formed by optional
appropriate processes including conventional vacuum pro-
cesses such as sputtering, vapor deposition, sublimation,
CVD (chemical vapor deposition), PECVD (plasma-en-
hanced chemical vapor deposition), ECR-PECVD (electron
cyclotron resonance plasma-enhanced chemical vapor depo-
sition) and a combination thereof.

[0033] A sealing film 38 sealing the element layer 18 is
constituted by the inorganic layer 36 and the organic layer 32.
The sealing film 38 contains the organic layer 32. The organic
layer 32 is between a part of the element layer 18 and a part of
the inorganic layer 36. The organic contact area 34 is com-
pletely surrounded by an inorganic contact area 40. The seal-
ing film 38 also contains the inorganic layer 36. The inorganic
layer 36 is formed to cover the element layer 18. The upper
surface of the element layer 18 has the inorganic contact area
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40 contacting the inorganic layer 36. The inorganic contact
area 40 is in an area over each of the pixel electrodes 22.
[0034] By thus forming the sealing film 38 by a two-layer
structure unlike the conventional three-layer structure, it is
possible to shorten the time and cut the cost for the sealing
step and the subsequent step for exposing terminals.
[0035] According to the embodiment, because the organic
layer 32 fills the hollow 30 in the element layer 18, the
inorganic layer 36 can be formed on a surface with less
unevenness and a high barrier property can be achieved. The
refraction of light can be prevented in the inorganic contact
area 40 because there is no organic layer 32 having a high
refractive index, and the spread of water can be prevented
because the organic layer 32 is discontinuously provided.
[0036] While there have been described what are at present
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. An organic electroluminescence display device compris-
ing:
a circuit board;
an element layer which contains an organic electrolumi-
nescence film and a positive electrode and a negative
electrode sandwiching the organic electroluminescence
film and which is formed on the circuit board; and
a sealing film sealing the element layer,
wherein the sealing film contains an inorganic layer cov-
ering the element layer and an organic layer formed
between a part of the element layer and a part of the
inorganic layer;
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the upper surface of the element layer has an inorganic
contact area contacting the inorganic layer and an
organic contact area contacting the organic layer;
the organic contact area is a hollow in the upper surface of
the element layer; and
the area of the upper surface of the organic layer is smaller
than the area of the lower surface contacting the inner
surface of the hollow.
2. The organic electroluminescence display device of claim
15
wherein the positive electrode is two or more pixel elec-
trodes under the organic electroluminescence film and
the negative electrode is a common electrode on the
organic electroluminescence film.
3. The organic electroluminescence display device of claim
25
wherein the upper surface of the element layer has the
inorganic contact area and the organic contact area in an
area over each of the pixel electrodes.
4. The organic electroluminescence display device of claim
which further has an insulating layer formed between an
edge of each of the pixel electrodes and the common
electrode,
wherein the upper surface of the element layer has a pro-
truding part along the shape of the insulating layer, and
the hollow is formed from a low area which is over each
of the pixel electrodes and is adjacent to the protruding
part to an area rising to form the protruding part.
5. The organic electroluminescence display device of claim
15
wherein the organic contact area is completely surrounded
by the inorganic contact area.
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