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(57) ABSTRACT

An encapsulation film covering a light emitting element
includes: a first inorganic layer covering the light emitting
element; an organic layer formed on the first inorganic layer;
a second inorganic layer formed on the organic layer; and a
third inorganic layer formed on the second inorganic layer.
The peripheral end face of the second inorganic layer is
aligned with the peripheral end face of the organic layer. The

(51) Imt. CL third inorganic layer covers the peripheral end face of the
HOIL 51/52 (2006.01) first inorganic layer or the peripheral end face of the second
HOIL 27/32 (2006.01) inorganic layer.
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DISPLAY DEVICE AND PRODUCTION
METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a display device
and a production method therefor.

BACKGROUND ART

[0002] In recent years, self-luminous organic electrolumi-
nescence (EL) display devices using an organic EL element
have attracted attention as an alternative display device to
liquid crystal display devices. In an encapsulation structure
proposed for the organic EL display devices in order to
restrain degradation of the organic EL element due to
contamination with moisture, oxygen, etc., an encapsulation
film covering the organic EL element is a multilayered film
of inorganic and organic films.

[0003] For example, Patent Document 1 discloses an
organic EL light emitting device in which an uneven struc-
ture that restricts resin, which will become a buffer layer
covering an organic EL layer, from spreading after being
applied is formed in a region surrounding a light emitting
region.

[0004] Patent Document 2 discloses a method for produc-
ing an organic EL element structure in which an multilay-
ered element portion is covered with a first barrier film
formed by an atomic layer deposition (ALD) method, the
first barrier film is covered with an organic film formed by
an isotropic film deposition method, the organic film is
anisotropically etched, and the first barrier film is covered
with a second barrier film.

CITATION LIST

Patent Documents

[0005] PATENT DOCUMENT 1: Japanese Unexamined
Patent Publication No. 2011-146323

[0006] PATENT DOCUMENT 2: Japanese Unexamined
Patent Publication No. 2015-176717

SUMMARY OF THE INVENTION

Technical Problem

[0007] Inthe organic EL light emitting device disclosed in
Patent Document 1, the uneven structure that restricts resin
from spreading needs to be formed in the region surrounding
the light emitting region. It is therefore difficult to imple-
ment an organic EL display device with a narrower frame.

[0008] In the method for producing an organic EL element
structure disclosed in Patent Document 2, when there is
foreign matter on the first barrier film, the organic film on the
foreign matter may also be removed by the anisotropic
etching. This results in reduction in encapsulation capability.

[0009] The present invention was developed in view of the
above circumstances and it is an object of the present
invention to implement a display device having an encap-
sulation film with sufficient encapsulation capability and to
accurately form the peripheral end of an organic layer and
thus implement a display device with a narrower frame.
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Solution to the Problem

[0010] In order to achieve the above object, a display
device according to the present invention is a display device
which includes a base substrate, a light emitting element
provided on the base substrate, and an encapsulation film
covering the light-emitting element, and in which a display
region is defined by the light emitting element. The display
device is characterized in that the encapsulation film
includes a first inorganic layer covering the light emitting
element, an organic layer formed on the first inorganic layer,
a second inorganic layer formed on the organic layer, and a
third inorganic layer formed on the second inorganic layer,
a peripheral end face of the second inorganic layer is aligned
with a peripheral end face of the organic layer, and the third
inorganic layer covers a peripheral end face of the first
inorganic layer or the peripheral end face of the second
inorganic layer.

Advantages of the Invention

[0011] The peripheral end face of the second inorganic
layer is aligned with the peripheral end face of the organic
layer, and the third inorganic layer covers the peripheral end
face of the first inorganic layer or the peripheral end face of
the second inorganic layer. Accordingly, a display device
having an encapsulation film with sufficient encapsulation
capability is implemented. Moreover, the peripheral end of
the organic layer is accurately formed, and a display device
with a narrower frame is thus implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a plan view showing a schematic con-
figuration of an organic EL display device according to a
first embodiment of the present invention.

[0013] FIG. 2 is a sectional view showing a schematic
configuration of the organic EL display device taken along
line II-1I in FIG. 1.

[0014] FIG. 3 is a sectional view showing an internal
configuration of the organic EL display device according to
the first embodiment of the present invention.

[0015] FIG. 4 is a sectional view of an organic EL layer
forming the organic EL display device according to the first
embodiment of the present invention.

[0016] FIG. 5 is a first sectional view illustrating a method
for producing the organic EL display device according to the
first embodiment of the present invention.

[0017] FIG. 6 is a second sectional view illustrating the
method for producing the organic EL display device accord-
ing to the first embodiment of the present invention.
[0018] FIG. 7 is a third sectional view illustrating the
method for producing the organic EL display device accord-
ing to the first embodiment of the present invention.
[0019] FIG. 8 is a fourth sectional view illustrating the
method for producing the organic EL display device accord-
ing to the first embodiment of the present invention.
[0020] FIG. 9 is a fifth sectional view illustrating the
method for producing the organic EL display device accord-
ing to the first embodiment of the present invention.
[0021] FIG. 10 is a sectional view showing a schematic
configuration of an organic EL display device according to
a second embodiment of the present invention.

[0022] FIG. 11 is a first sectional view illustrating a
method for producing the organic EL display device accord-
ing to the second embodiment of the present invention.
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[0023] FIG. 12 is a second sectional view illustrating the
method for producing the organic EL display device accord-
ing to the second embodiment of the present invention.

[0024] FIG. 13 is a third sectional view illustrating the
method for producing the organic EL display device accord-
ing to the second embodiment of the present invention.

[0025] FIG. 14 is a sectional view showing a schematic
configuration of a modification of the organic EL display
device according to the second embodiment of the present
invention.

[0026] FIG. 15 is a sectional view showing a schematic
configuration of another modification of the organic EL
display device according to the second embodiment of the
present invention.

[0027] FIG. 16 is a sectional view showing a schematic
configuration of an organic EL display device according to
a third embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0028] Embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. The present invention is not limited to the fol-
lowing embodiments.

First Embodiment

[0029] FIGS. 1 to 9 illustrate a first embodiment of a
display device according to the present invention. FIG. 1 is
a plan view showing a schematic configuration of an organic
EL display device 30a of the present embodiment. FIG. 2 is
a sectional view showing a schematic configuration of the
organic EL display device 30« taken along line 1I-11 in FIG.
1. FIG. 3 is a sectional view showing an internal configu-
ration of the organic EL display device 30a. FIG. 4 is a
sectional view of an organic EL layer 16 forming the organic
EL display device 30a.

[0030] As shown in FIGS. 1 to 3, the organic EL display
device 30a includes: a base substrate 10; an organic EL
element 18 serving as a light emitting element and formed
on the base substrate 10 with a basecoat film 11 interposed
therebetween; and an encapsulation film 23a covering the
organic EL element 18. As shown in FIG. 1, the encapsu-
lation film 23a extends to a position outside a connection
portion C between a second electrode 17 described below
and a wiring in an underlying layer which is connected to the
second electrode 17, but the encapsulation film 23a does not
reach a terminal region T for electrical connection to exter-
nal circuits. The encapsulation film 23a also extends to a
position outside the second electrode 17 covering an entire
display region D. In FIG. 1, the connection portion C is a
continuous portion surrounding the display region D. How-
ever, the connection portion C may be comprised of a
plurality of separate portions or may be formed along one
side of the display region D or a part of one side of the
display region D. As shown in FIGS. 1 and 2, in the organic
EL display device 30a, the rectangular display region D
where an image is displayed is defined by the organic EL
element 18, and a plurality of pixels are arranged in a matrix
in the display region D. For example, a sub-pixel for red
gradation display, a sub-pixel for green gradation display,
and a sub-pixel for blue gradation display are arranged next
to each other in each pixel. In the organic EL display device
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30a, a frame-shaped frame region is defined around the
rectangular display region D, and the terminal region T is
located in the frame region.

[0031] The base substrate 10 is, e.g., a flexible plastic
substrate made of a polyimide resin etc.

[0032] The basecoat film 11 is, e.g., an inorganic insulat-
ing film such as a silicon oxide film or a silicon nitride film.
[0033] As shown in FIG. 3, the organic EL element 18
includes a plurality of TFTs 12, a planarizing film 13, a
plurality of first electrodes 14, an edge cover 15, a plurality
of organic EL layers 16, and the second electrode 17 which
are sequentially formed on the basecoat film 11.

[0034] As shown in FIG. 3, the TFTs 12 are switching
elements provided for each sub-pixel. For example, the TFT
12 includes: an island-shaped semiconductor layer formed
on the basecoat film 11; a gate insulating film covering the
semiconductor layer; a gate electrode formed on the gate
insulating film and overlapping a part of the semiconductor
layer; an interlayer insulating film covering the gate elec-
trode; and a source electrode and a drain electrode which are
formed on the interlayer insulating film and are separated
from each other. Although the top-gate TFTs 12 are shown
in the present embodiment, the TFTs 12 may be bottom-gate
TFTs.

[0035] As shown in FIG. 3, the planarizing film 13 covers
each TFT 12 except for a part of its drain electrode. The
planarizing film 13 is made of, e.g., a colorless transparent
organic resin material such as an acrylic resin.

[0036] As shown in FIG. 3, the plurality of first electrodes
14 are arranged in a matrix on the planarizing film 13 such
that the plurality of first electrodes 14 correspond to the
plurality of sub-pixels. As shown in FIG. 3, the first elec-
trodes 14 are connected to the drain electrodes of the TFTs
12 through contact holes formed in the planarizing film 13.
The first electrodes 14 have a function to inject holes
(positive holes) into the organic EL layers 16. In order to
improve efficiency of hole injection into the organic EL
layers 16, it is more preferable that the first electrodes 14 be
made of a material with a high work function. Examples of
the material of the first electrodes 14 include metal materials
such as silver (Ag), aluminum (Al), vanadium (V), cobalt
(Co), nickel (Ni), tungsten (W), gold (Au) , calcium (Ca),
titanium (Ti), yttrium (Y), sodium (Na), ruthenium (Ru),
manganese (Mn), indium (In), magnesium (Mg), lithium
(L), ytterbium (Yb), and lithium fluoride (LiF). Other
examples of the material of the first electrodes 14 include
alloys such as magnesium (Mg)/copper (Cu), magnesium
(Mg)/silver (Ag), sodium (Na)/potassium (K), astatine (At)/
astatine oxide (AtQ,), lithium (Li)/aluminum (Al), lithium
(LiYcalcium (Ca)/aluminum (Al), and lithium fluoride
(LiF)/calcium (Ca)aluminum (Al). Still other examples of
the material of the first electrodes 14 include conductive
oxides such as tin oxide (SnO), zinc oxide (Zn0), indium tin
oxide (ITO), and indium zinc oxide (IZO), etc. The first
electrodes 14 may have a multilayered structure comprised
of layers of the above materials. Examples of the material
with a high work function include indium tin oxide (ITQ)
and indium zinc oxide (IZO).

[0037] As shown in FIG. 3, the edge cover 15 is formed in
a grid pattern such that the edge cover 15 covers a periphery
of each of the first electrodes 14. Examples of the material
of the edge cover 15 include inorganic films such as silicon
oxide (Si0,), silicon nitride (SiN,, (x is a positive number))
like trisilicon tetranitride (Si;N,), and silicon oxynitride
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(SiNO), and organic films such as polyimide resin, acrylic
resin, polysiloxane resin, and novolac resin.

[0038] As shown in FIG. 3, the plurality of organic EL
layers 16 are arranged in a matrix on the first electrodes 14
such that the plurality of organic EL layers 16 correspond to
the plurality of sub-pixels. As shown in FIG. 4, the organic
EL layer 16 includes a hole injection layer 1, a hole transport
layer 2, a light emitting layer 3, an electron transport layer
4, and an electron injection layer 5 which are sequentially
formed on the first electrode 14.

[0039] The hole injection layer 1 is also called an anode
buffer layer and functions to make the energy levels of the
first electrode 14 and the organic EL layer 16 close to each
other to improve efliciency of hole injection from the first
electrode 14 into the organic EL layer 16. Examples of the
material of the hole injection layer 1 include triazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, pol-
varylalkane derivatives, pyrazoline derivatives, phenylene-
diamine derivatives, oxazole derivatives, styrylanthracene
derivatives, fluorenone derivatives, hydrazone derivatives,
and stilbene derivatives.

[0040] The hole transport layer 2 functions to improve
efficiency of hole transport from the first electrode 14 to the
organic EL layer 16. Examples of the material of the hole
transport layer 2 include porphyrin derivatives, aromatic
tertiary amine compounds, styrylamine derivatives, polyvi-
nylcarbazole, poly-p-phenylene vinylene, polysilanes, triaz-
ole derivatives, oxadiazole derivatives, imidazole deriva-
tives, polyarylalkane derivatives, pyrazoline derivatives,
pyrazolone derivatives, phenylenediamine derivatives,
arylamine derivatives, amine-substituted chalcone deriva-
tives, oxazole derivatives, styrylanthracene derivatives,
fluorenone derivatives, hydrazone derivatives, stilbene
derivatives, hydrogenated amorphous silicon, hydrogenated
amorphous silicon carbide, zinc sulfide, and zinc selenide.
[0041] The light emitting layer 3 is a region where holes
and electrons are injected from the first electrode 14 and the
second electrode 17, respectively, and recombine when a
voltage is applied by the first electrode 14 and the second
electrode 17. The light emitting layer 3 is made of a material
with high emission efliciency. Examples of the material of
the light emitting layer 3 include metal oxinoid compounds
(8-hydroxyquinoline metal complexes), naphthalene deriva-
tives, anthracene derivatives, diphenylethylene derivatives,
vinylacetone derivatives, triphenylamine derivatives, buta-
diene derivatives, coumarin derivatives, benzoxazole
derivatives, oxadiazole derivatives, oxazole derivatives,
benzimidazole derivatives, thiadiazole derivatives, benzo-
thiazole derivatives, styryl derivatives, styrylamine deriva-
tives, bisstyrylbenzene derivatives, trisstyrylbenzene deriva-
tives, perylene derivatives, perinone derivatives,
aminopyrene derivatives, pyridine derivatives, rhodamine
derivatives, aquidine derivatives, phenoxazone, quinacri-
done derivatives, rubrene, poly-p-phenylene vinylene, and
polysilanes.

[0042] The electron transport layer 4 functions to effi-
ciently move electrons to the light emitting layer 3.
Examples of the material of the electron transport layer 4
include organic compounds such as oxadiazole derivatives,
triazole derivatives, benzoquinone derivatives, naphthoqui-
none derivatives, anthraquinone derivatives, tetracyanoan-
thraquinodimethane derivatives, diphenoquinone deriva-
tives, fluorenone derivatives, silole derivatives, and metal
oxinoid compounds.

Mar. 12, 2020

[0043] The electron injection layer 5 functions to make the
energy levels of the second electrode 17 and the organic EL
layer 16 close to each other to improve efliciency of electron
injection from the second electrode 17 into the organic EL
layer 16. With this function, the drive voltage for the organic
EL element 18 can be reduced. The electron injection layer
5 is also called a cathode buffer layer. Examples of the
material of the electron injection layer 5 include inorganic
alkaline compounds such as lithium fluoride (LiF), magne-
sium fluoride (MgF,), calcium fluoride (CaF,), strontium
fluoride (SrF,), and barium fluoride (BaF,), aluminum oxide
(ALO,), and strontium oxide (SrO).

[0044] As shown in FIG. 3, the second electrode 17 covers
the organic EL layers 16 and the edge cover 15 and serves
as a common electrode for the plurality of sub-pixels. The
second electrode 17 functions to inject electrons into the
organic EL layers 16. In order to improve efliciency of
electron injection into the organic EL layers 16, it is more
preferable that the second electrode 17 be made of a material
with a low work function. Examples of the material of the
second electrode 17 include silver (Ag), aluminum (Al),
vanadium (V), cobalt (Co), nickel (Ni), tungsten (W), gold
(Au), calcium (Ca), titanium (Ti), yttrium (Y), sodium (Na),
ruthenium (Ru), manganese (Mn), indium (In), magnesium
(Mg), lithum (Li), ytterbium (Yb), and lithium fluoride
(LiF). Other examples of the material of the second elec-
trode 17 include alloys such as magnesium (Mg)/copper
(Cu), magnesium (Mg)/silver (Ag), sodium (Na)/potassium
(K), astatine (At)/astatine oxide (AtQO,), lithium (Li)/alumi-
num (Al), lithium (Li)/calcium (Ca)/aluminum (Al), and
lithium fluoride (LiF)/calcium (Ca)/aluminum (Al). Still
other examples of the material of the second electrode 17
include conductive oxides such as tin oxide (SnO), zinc
oxide (Zn0O), indium tin oxide (ITO), and indium zinc oxide
(IZO). The second electrode 17 may have a multilayered
structure comprised of layers of the above materials.
Examples of the material with a low work function include
magnesium (Mg), lithium (L), lithium fluoride (LiF), mag-
nesium (Mg)/copper (Cu), magnesium (Mg)/silver (Ag),
sodium (Na)/potassium (K), lithium (Li)aluminum (Al),
lithium (Li)/calcium (Ca)/aluminum (Al), and lithium fluo-
ride (LiF)/calcium (Ca)/aluminum (Al).

[0045] As shown in FIG. 2, the encapsulation film 23a
includes a first inorganic layer 19 covering the organic EL
element 18, an organic layer 20a and a second inorganic
layer 21a which are sequentially formed on the first inor-
ganic layer 19, and a third inorganic layer 22a covering the
peripheral end face of the organic layer 20a and the second
inorganic layer 21a.

[0046] The first inorganic layer 19, the second inorganic
layer 21a, and the third inorganic layer 224 are made of, e.g,,
an inorganic insulating film such as a silicon nitride film, a
silicon oxide film, or a silicon oxynitride film. The second
inorganic layer 21a is preferably made of, e.g., a silicon
nitride film having high barrier properties. As shown in FIG.
2, foreign matter F called a particle is present on the surface
of the first inorganic layer 19 which faces the organic layer
20a. It goes without saying that it is preferable that no
foreign matter F be present on the surface of the first
inorganic layer 19. The present embodiment illustrates a
configuration in which foreign matter F is present on the
interface between the first inorganic layer 19 and the organic
layer 20a. However, foreign matter F may be present on,
e.g., the interface between the organic EL element 18 and the
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first inorganic layer 19, and the organic layer 20a effectively
encapsulates various kinds of foreign matter F present on the
base substrate 10a side of the organic layer 20a.

[0047] As shown in FIG. 2, the peripheral end face of the
first inorganic layer 19 is located outside the peripheral end
faces of the organic layer 20a and the second inorganic layer
21a.

[0048] The organic layer 20a is made of, e.g., an organic
resin material such as acrylate, polyurea, parylene, polyim-
ide, or polyamide. The organic layer 20a may be thinner
than the thickest among the first inorganic layer 19, the
second inorganic layer 21a, and the third inorganic layer
22a. Conventionally, since an organic layer is formed by an
inkjet method, the organic layer (e.g., 3 um to 5 um or more)
is thicker than an inorganic layer. In the present embodi-
ment, however, as described later, a thin organic layer 20a
can be formed because an organic film 20, which will
become the organic layer 20q, is formed by vacuum depo-
sition. As shown in FIG. 2, the peripheral end face of the
organic layer 20q is aligned with the peripheral end face of
the second inorganic layer 21a by a production method
described later.

[0049] The organic EL display device 30a described above
is flexible and is configured to display an image by emitting
light as appropriate from the light emitting layers 3 of the
organic EL layers 16 via the TFTs 12 at the sub-pixels.
[0050] Next, a method for producing the organic EL
display device 30a of the present embodiment will be
described with reference to FIGS. 5t0 9. FIGS. 5 to 9 are
sectional views illustrating the method for producing the
organic EL display device 30a. The method for producing
the organic EL display device 30a of the present embodi-
ment includes: an organic EL element forming process; and
an encapsulation film forming process including a first
inorganic layer forming process, an organic film forming
process, a second inorganic layer forming process, an
organic layer forming process, and a third inorganic layer
forming process.

[0051] <Organic EL Element Forming Process>

[0052] The basecoat film 11 and the organic EL element
18 (the TFTs 12, the planarizing film 13, the first electrodes
14, the edge cover 15, the organic EL layers 16 (the hole
injection layers 1, the hole transport layers 2, the light
emitting layers 3, the electron transport layers 4, and the
electron injection layers 5), and the second electrode 17) are
formed on the surface of the base substrate 10 made of, e.g.,
a polyimide resin by a well-known method.

[0053] <Encapsulation Film Forming Process>

[0054] First, as shown in FIG. 5, the first inorganic layer
19 is formed by depositing an inorganic insulating film such
as, e.g., a silicon nitride film with a thickness of about 500
nm by plasma chemical vapor deposition (CVD) using a
mask Ma such that the inorganic insulating film covers the
organic EL element 18 formed in the organic EL element
forming process (first inorganic layer forming process).
[0055] Next, as shown in FIG. 6, the organic film 20 such
as, e.g., acrylate is formed with a thickness of about 100 nm
to 300 nm by vacuum deposition on the entire surface of the
substrate having the first inorganic layer 19 formed thereon
(organic film forming process).

[0056] Then, as shown in FIG. 7, the second inorganic
layer 21a overlapping the first inorganic layer 19 is formed
by depositing an inorganic insulating film such as, e.g., a
silicon nitride film with a thickness of about 200 nm by
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plasma CVD using a mask Mb on the substrate having the
organic film 20 deposited thereon (second inorganic layer
forming process). The aperture area of the mask Mb is
smaller than that of the mask Ma (see FIGS. 5 and 7).

[0057] As shown in FIG. 8, the organic film 20 exposed
from the second inorganic layer 21a is removed by ashing
(e.g., using plasma P) with the second inorganic layer 21a as
a mask to form an organic layer 20a (organic layer forming
process). Since the organic film 20 is ashed with the second
inorganic layer 21a as a mask, the peripheral end face of the
organic layer 20aq is aligned with the peripheral end face of
the second inorganic layer 21a. As used herein, (the posi-
tions of) the peripheral end faces being aligned with each
other means the peripheral end faces are approximately
aligned with each other with a displacement therebetween
within 1 um to 2 pm.

[0058] Lastly. as shown in FIG. 9, the third inorganic layer
22a covering the peripheral end face of the organic layer 20a
and the second inorganic layer 21« is formed by depositing
an inorganic insulating film such as, e.g., a silicon nitride
film with a thickness of about 400 nm to 500 nm by plasma
CVD using the mask Ma on the substrate having the organic
layer 20a formed thereon (third inorganic layer forming
process). Since the mask Ma used to form the first inorganic
layer 19 is used to form the third inorganic layer 22a, the
peripheral end face of the third inorganic layer 22a is
roughly aligned with the peripheral end face of the first
inorganic layer 19. As used herein, the peripheral end faces
being roughly aligned with each other means that, since the
thin films are deposited using the same mask, the peripheral
end face of the thin film deposited later is aligned to some
extent with the peripheral end face of the thin film deposited
earlier, and means that the peripheral end faces of these thin
films are not accurately aligned with each other due to
alignment accuracy of the mask and a CVD deposition
material deposited behind the mask.

[0059] The organic EL display device 30a of the present
embodiment is produced in this manner.

[0060] As described above, the organic EL display device
30a of the present embodiment and the production method
therefor have the following effects (1) and (2).

[0061] (1) In the organic layer forming process, the
organic film 20 exposed from the second inorganic layer 21a
is removed to form the organic layer 20a. Accordingly, the
peripheral end face of the second inorganic layer 21a is
aligned with the peripheral end face of the organic layer 20a.
The peripheral end of the organic layer 20a is thus formed
accurately. The third inorganic layer 22a covers the periph-
eral end face of the second inorganic layer 21a. Accordingly,
even when foreign matter F is present on the surface of the
first inorganic layer 19, the organic layer 20a covers the
foreign matter F and the second inorganic layer 21a and the
third inorganic layer 22a are sequentially formed on the
organic layer 20a to form the encapsulation film 23a. The
encapsulation film 23ae thus has sufficient encapsulation
capability. Accordingly, the organic EL display device 30a
having the encapsulation film 23a with sufficient encapsu-
lation capability is implemented. Moreover, the peripheral
end of the organic layer 20a is accurately formed, and the
organic EL display device 30a with a narrower frame is thus
implemented. Since a thin organic layer 20a is formed by
vapor deposition, the first inorganic layer 19, the second
inorganic layer 21a, and the third inorganic layer 22a will be
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less distorted when being bent. Flexibility of the encapsu-
lation film 23a is thus improved.

[0062] (2) In the organic layer forming process, the
organic film 20 exposed from the second inorganic layer 21a
is removed with the second inorganic layer 21a as a mask.
Accordingly, the peripheral end face of the second inorganic
layer 21a can be aligned with the peripheral end face of the
organic layer 20a without preparing a mark separately.

Second Embodiment

[0063] FIGS. 10 to 15 illustrate a second embodiment of
the display device according to the present invention. FIG.
10 is a sectional view showing a schematic configuration of
an organic EL display device 305 of the present embodi-
ment. In the following embodiments, the same portions as
those in FIGS. 1 to 9 are denoted with the same reference
characters as those in FIGS. 1 to 9, and detailed description
thereof will be omitted.

[0064] Although the organic EL display device 30a in
which the peripheral end face of the third inorganic layer
22q is aligned with the peripheral end face of the first
inorganic layer 19 is illustrated in the first embodiment, the
organic EL display device 305 in which the peripheral end
face of a third inorganic layer 225 is located outside the
peripheral end face of the first inorganic layer 19, etc. is
illustrated in the second embodiment.

[0065] As shown in FIG. 10, the organic EL display device
305 includes: a base substrate 10; an organic FL element 18
formed on the base substrate 10 with a basecoat film 11
interposed therebetween; and an encapsulation film 235
covering the organic EL element 18. As in the organic EL
display device 30a of the first embodiment, in the organic
EL display device 305, a rectangular display region D is
defined by the organic EL element 18 as shown in FIG. 10,
and a plurality of pixels are arranged in a matrix in the
display region D.

[0066] As shown in FIG. 10, the encapsulation film 235
includes the first inorganic layer 19 covering the organic EL
element 18, an organic layer 205 and a second inorganic
layer 215 which are sequentially formed on the first inor-
ganic layer 19, and a third inorganic layer 225 covering the
peripheral end face of the organic layer 205 and the second
inorganic layer 215.

[0067] The first inorganic layer 19, the second inorganic
layer 214, and the third inorganic layer 224 are made of, e.g.,
an inorganic insulating film such as a silicon nitride film, a
silicon oxide film, or a silicon oxynitride film. The second
inorganic layer 215 is preferably made of, e.g., a silicon
nitride film having high barrier properties. As shown in FIG.
10, foreign matter F called a particle is present on the surface
of the first inorganic layer 19 which faces the organic layer
205. It goes without saying that it is preferable that no
foreign matter F be present on the surface of the first
inorganic layer 19.

[0068] As shown in FIG. 10, the peripheral end face of the
first inorganic layer 19 is roughly aligned with the peripheral
end faces of the organic layer 205 and the second inorganic
layer 215 by a production method described later.

[0069] The organic layer 205 is made of, e.g., an organic
resin material such as acrylate, polyurea, parylene, polyim-
ide, or polyamide. The organic layer 205 is thinner than the
thickest among the first inorganic layer 19, the second
inorganic layer 215, and the third inorganic layer 22b. As
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shown in FIG. 10, the peripheral end face of the organic
layer 205 is aligned with the peripheral end face of the
second inorganic layer 215.

[0070] The organic EL display device 305 described above
is flexible and is configured to display an image by emitting
light as appropriate from light emitting layers 3 of organic
EL layers 16 via TFTs 12 at sub-pixels.

[0071] Next, a method for producing the organic EL
display device 306 of the present embodiment will be
described with reference to FIGS. 11 to 13. FIGS. 11 to 13
are sectional views illustrating the method for producing the
organic EL display device 305. The method for producing
the organic EL display device 305 of the present embodi-
ment includes: an organic EL element forming process; and
an encapsulation film forming process including a first
inorganic layer forming process, an organic film forming
process, a second inorganic layer forming process, an
organic layer forming process, and a third inorganic layer
forming process. Since the organic EL element forming
process, the first inorganic layer forming process, and the
organic film forming process of the present embodiment are
the same as those described in the first embodiment, only the
second inorganic layer forming process and the subsequent
processes will be described.

[0072] <Encapsulation Film Forming Process>

[0073] First, as shown in FIG. 11, the second inorganic
layer 215 overlapping the first inorganic layer 19 is formed
by depositing, on a substrate having the organic film 20
deposited thereon in the organic film forming process of the
first embodiment, an inorganic insulating film such as, e.g,,
a silicon nitride film with a thickness of about 200 nm by
plasma CVD using a mask Ma used to form the first
inorganic layer 19 (second inorganic layer forming process).
Since the second inorganic layer 215 is formed with the
mask Ma used to form the first inorganic layer 19, the
peripheral end face of the second inorganic layer 215 is
roughly aligned with the peripheral end face of the first
inorganic layer 19.

[0074] Then, as shown in FIG. 12, the organic film 20
exposed from the second inorganic layer 215 is removed by
ashing (e.g., using plasma P) with the second inorganic layer
216 as a mask to form the organic layer 205 (organic layer
forming process). Since the organic film 20 is ashed with the
second inorganic layer 215 as a mask, the peripheral end
face of the organic layer 204 is aligned with the peripheral
end face of the second inorganic layer 214.

[0075] Lastly, as shown in FIG. 13, the third inorganic
layer 22b covering the peripheral end face of the organic
layer 20/ and the second inorganic layer 215 is formed by
depositing an inorganic insulating film such as, e.g., a silicon
nitride film with a thickness of about 400 nm to 500 nm by
plasma CVD using a mask Mc on the substrate having the
organic layer 205 formed thereon (third inorganic layer
forming process). The aperture area of the mask Mc is larger
than that of the mask Ma (see FIGS. 11 and 13).

[0076] The organic EL display device 305 of the present
embodiment is produced in this manner.

[0077] Although the organic EL display device 304 in
which the peripheral end face of the second inorganic layer
215 is roughly aligned with the peripheral end face of the
first inorganic layer 19 is illustrated in the present embodi-
ment, the peripheral end face of the second inorganic layer
215 may not be aligned with the peripheral end face of the
first inorganic layer 19 as in organic EL display devices 30c,
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30d. FIG. 14 is a sectional view showing a schematic
configuration of the organic EL display device 30c that is a
modification of the organic EL display device 305. FIG. 15
is a sectional view showing a schematic configuration of the
organic EL display device 304 that is another configuration
of the organic EL display device 30b.

[0078] As shown in FIG. 14, in an encapsulation film 23¢
of the organic FL display device 30¢ which includes a first
inorganic layer 19¢, an organic layer 20c, a second inorganic
layer 21¢, and a third inorganic layer 22¢, the peripheral end
face of the first inorganic layer 19¢ is located outside the
peripheral end face of the organic layer 20c and the periph-
eral end face of the second inorganic layer 21¢. As shown in
FIG. 15, in an encapsulation film 23d of the organic EL
display device 304 which includes a first inorganic layer
194, an organic layer 204, a second inorganic layer 21d, and
a third inorganic layer 22d, the peripheral end face of the
first inorganic layer 19d is located inside the peripheral end
face of the organic layer 204 and the peripheral end face of
the second inorganic layer 21d. The first inorganic layers
19¢, 194, the second inorganic layers 21¢, 214, and the third
inorganic layers 21¢, 22d are made of, e.g., an inorganic
insulating film such as a silicon nitride film, a silicon oxide
film, or a silicon oxynitride film. The second inorganic
layers 21¢, 21d are preferably made of, e.g., a silicon nitride
film having high barrier properties. The organic layers 20c,
20d are made of. e.g., an organic resin material such as
acrylate, polyurea, parylene, polyimide, or polyamide. As
shown in FIGS. 14 and 15, in a region outside the display
region D, the third inorganic layer 22¢, 22d contacts an
interlayer insulating film 7 that is an inorganic layer and
forms a part of each TFT 12. Although the configuration in
which the third inorganic layer 22¢, 22d contacts the inor-
ganic layer forming the interlayer insulating film 7 is illus-
trated in the present embodiment, the third inorganic layer
22¢, 22d may contact at least one inorganic layer out of the
gate insulating film 6 and the interlayer insulating film 7
which form a part of each TFT 12 and the basecoat film 11.

[0079] As described above, the organic EL display device
304 of the present embodiment and the production method
therefor have the above effects (1), (2) and the following
effect (3).

[0080] The effect (1) will be described in detail. In the
organic layer forming process, the organic film 20 exposed
from the second inorganic layer 215 is removed to form the
organic layer 205. Accordingly, the peripheral end face of
the second inorganic layer 215 is aligned with the peripheral
end face of the organic layer 205. The peripheral end of the
organic layer 20b is thus formed accurately. The third
inorganic layer 226 covers the peripheral end face of the first
inorganic layer 19 and the peripheral end face of the second
inorganic layer 215. Accordingly, even when foreign matter
F is present on the surface of the first inorganic layer 19, the
organic layer 205 covers the foreign matter F and the second
inorganic layer 215 and the third inorganic layer 225 are
sequentially formed on the organic layer 205 to form the
encapsulation film 235. The encapsulation film 235 thus has
sufficient encapsulation capability. Accordingly, the organic
EL display device 305 having the encapsulation film 235
with sufficient encapsulation capability is implemented.
Moreover, the peripheral end of the organic layer 205 is
accurately formed, and the organic EL display device 305
with a narrower frame is thus implemented. Since a thin
organic layer 205 is formed by vapor deposition, the first
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inorganic layer 19, the second inorganic layer 215, and the
third inorganic layer 225 will be less distorted when being
bent. Flexibility of the encapsulation film 235 is thus
improved.

[0081] The effect (2) will be described in detail. In the
organic layer forming process, the organic film 20 exposed
from the second inorganic layer 215 is removed with the
second inorganic layer 216 as a mask. Accordingly, the
peripheral end face of the second inorganic layer 215 can be
aligned with the peripheral end face of the organic layer 205
without preparing a mask separately.

[0082] (3) In the third inorganic layer forming process, the
third inorganic layer 226 covers the peripheral end face of
the first inorganic layer 19. The encapsulation film 235
therefore has improved encapsulation capability, and deg-
radation of the organic EL element 18 is restrained as
compared to the organic EL display device 30a of the first
embodiment.

Third Embodiment

[0083] FIG. 16 illustrates a third embodiment of the dis-
play device according to the present invention. FIG. 16 is a
sectional view showing a schematic configuration of an
organic EL display device 30e of the present embodiment.
[0084] Although the organic EL display devices 30a, 30
(30¢, 30d) having no encapsulation substrate are illustrated
in the first and second embodiments, the organic EL display
device 30¢ having an encapsulation substrate 26 is illus-
trated in the present embodiment.

[0085] As shown in FIG. 16, the organic EL display device
30e includes: the base substrate 10; the organic EL element
18 formed on the base substrate 10 with the basecoat film 11
interposed therebetween; the encapsulation film 23a cover-
ing the organic EL element 18; and an encapsulation sub-
strate 26 provided on the encapsulation film 23a with an
encapsulation resin layer 25 and a sealant 24 interposed
therebetween. As in the organic EL display device 30a of the
first embodiment, in the organic EL display device 30e, a
rectangular display region D is defined by the organic EL
element 18 as shown in FIG. 16, and a plurality of pixels are
arranged in a matrix in the display region D.

[0086] The sealant 24 is provided in a frame shape so that
the sealant 24 bonds the base substrate 10 and the encap-
sulation substrate 26 along their peripheral ends. The sealant
24 is comprised of, e.g., an ultraviolet (UV) curable and/or
thermosetting sealant resin such as an epoxy resin, an acrylic
resin, a polyimide resin, or a phenolic resin.

[0087] The encapsulation resin layer 25 is made of, e.g., a
thermosetting encapsulation resin such as an epoxy resin or
a silicone resin. The encapsulation resin contains, e.g., a
metal oxide such as calcium oxide (CaQ), barium oxide
(BaO), or aluminum oxide (Al,O5), activated carbon, silica
gel, zeolite, etc. The resin encapsulation layer 25 therefore
serves as a getter that adsorbs moisture, oxygen, etc.
[0088] The encapsulation substrate 26 is, e.g., a flexible
plastic substrate made of a polyimide resin etc.

[0089] The organic EL display device 30e with the above
configuration is flexible and is configured to display an
image by emitting light as appropriate from light emitting
layers 3 of organic EL layers 16 via TFTs 12 at sub-pixels.
[0090] The organic EL display device 30e of the present
embodiment can be produced by the method for producing
the organic EL display device 30a of the first embodiment.
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[0091] First, the sealant resin is placed in a frame shape by,
e.g., a dispenser system along the peripheral end of the base
substrate 10 of the organic EL display device 30a produced
in the first embodiment, and the encapsulation resin is placed
inside the sealant resin.

[0092] Next, the base substrate 10 having both the sealant
resin and the encapsulation resin placed on its surface and
the encapsulation substrate 26 are bonded in a reduced
pressure atmosphere. The pressure is then restored to the
atmospheric pressure to press the outer surfaces of the base
substrate 10 and the encapsulation substrate 26.

[0093] The sealant resin between the base substrate 10 and
the encapsulation substrate 26 is irradiated with, e.g., UV
light and then heated to cure the sealant resin and the
encapsulation resin. The sealant 24 and the encapsulation
resin layer 25 are thus formed.

[0094] The organic EL display device 30e of the present
embodiment is produced in this manner.

[0095] As described above, the organic EL display device
30¢ of the present embodiment and the production method
therefor have the above effects (1), (2) and the following
effect (4).

[0096] (4) Since the sealant 24, the encapsulation resin
layer 25, and the encapsulation substrate 26 are located
outside the encapsulation film 23a, degradation of the
organic EL element 18 is restrained as compared to the
organic EL display device 30a of the first embodiment.
[0097] Although the present embodiment is described
with respect to the configuration in which the encapsulation
substrate 26 is added to the organic EL display device 30a
of the first embodiment, the encapsulation substrate 26 may
be added to the organic EL display device 306 of the second
embodiment etc.

Other Embodiments

[0098] The above embodiments are described with respect
to the organic EL layers having a five-layered structure
comprised of the hole injection layer, the hole transport
layer, the light emitting layer, the electron transport layer,
and the electron injection layer. However, the organic EL
layers may have, e.g., a three-layered structure comprised of
a layer serving as both a hole injection layer and a hole
transport layer, a light emitting layer, and a layer serving as
both an electron transport layer and an electron injection
layer.

[0099] The above embodiments are described with respect
to the organic EL display device in which the first electrodes
serve as an anode and the second electrode serves as a
cathode. However, the present invention is also applicable to
organic EL display devices in which the organic EL layers
have an inverted multilayered structure, namely organic EL
display devices in which the first electrodes serve as a
cathode and the second electrode serves as an anode.
[0100] The above embodiments are described with respect
to the organic EL display device that includes an element
substrate using those electrodes of the TFTs which are
connected to the first electrodes as drain electrodes. How-
ever, the present invention is also applicable to organic EL
display devices that include an element substrate using those
electrodes of the TFTs which are connected to the first
electrodes as source electrodes.

[0101] The above embodiments are described with respect
to the organic EL display device as an example of a display
device. However, the present invention is also applicable to
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display devices including a plurality of current-driven light
emitting elements. For example, the present invention is
applicable to display devices including quantum-dot light
emitting diodes (QLEDs), namely light emitting elements
using a quantum-dot containing layer.

INDUSTRIAL APPLICABILITY

[0102] As described above, the present invention is useful
for flexible display devices.

DESCRIPTION OF REFERENCE CHARACTERS

[0103] C Connection Portion

[0104] D Display Region

[0105] 7 Interlayer Insulating Film (Inorganic Layer)
[0106] 10 Base Substrate

[0107] 12 TFT (Switching Element)

[0108] 14 First Electrode

[0109] 16 Organic EL Layer (Light Emitting Layer)
[0110] 17 Second Electrode

[0111] 18 Organic EL Element (Light Emitting Element)
[0112] 19, 19c, 194 First Inorganic Layer

[0113] 20 Organic Film

[0114] 20a to 204 Organic Layer

[0115] 21a to 21d Second Inorganic Layer

[0116] 22a to 22d Third Inorganic Layer

[0117] 23a to 23d Encapsulation Film

[0118] 30a to 30e Organic EL Display Device

1. A display device which includes a base substrate, a light
emitting element provided on the base substrate, and an
encapsulation film covering the light-emitting element, and
in which a display region is defined by the light emitting
element, characterized in that

the encapsulation film includes

a first inorganic layer covering the light emitting element,

an organic layer formed on the first inorganic layer,

a second inorganic layer formed on the organic layer, and

a third inorganic layer formed on the second inorganic
layer,

a peripheral end face of the second inorganic layer is
aligned with a peripheral end face of the organic layer,
and

the third inorganic layer covers a peripheral end face of
the first inorganic layer or the peripheral end face of the
second inorganic layer.

2. The display device of claim 1, characterized in that

the peripheral end face of the organic layer and the
peripheral end face of the second inorganic layer are
located outside the display region.

3. The display device of claim 1, characterized in that

a switching element is provided between the base sub-
strate and the light emitting element, and

in a region outside the display region, the third inorganic
layer contacts an inorganic layer forming a part of the
switching element.

4. The display device of claim 1, characterized in that

the peripheral end face of the first inorganic layer is
located outside the peripheral end face of the organic
layer and the peripheral end face of the second inor-
ganic layer.

5. The display device of claim 1, characterized in that

the organic layer and the second inorganic layer cover the
peripheral end face of the first inorganic layer.
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6. The display device of any claim 1, characterized in that

the organic layer is thinner than the thickest among the
first inorganic layer, the second inorganic layer, and the
third inorganic layer.

7. The display device of claim 1, characterized in that

the light emitting element is an organic electrolumines-
cence element.

8. The display device of claim 1, characterized in that

the base substrate is flexible.

9. The display device of claim 1, characterized in that

the light emitting element includes a plurality of first
electrodes, a plurality of light emitting layers corre-
sponding to the plurality of first electrodes, and a
second electrode that is a common electrode for the
plurality of light emitting layers, the plurality of first
electrodes, the plurality of light emitting layers, and the
second electrode being provided in this order from the
base substrate side, and

the encapsulation film extends to a position outside a
connection portion between the second electrode and a
wiring connected to the second electrode.

10. A method for producing a display device which
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an organic film forming process of forming an organic
film such that the organic film covers the first inorganic
layer,

a second inorganic layer forming process of forming a
second inorganic layer on the organic film such that the
second inorganic layer overlaps the first inorganic
layer,

an organic layer forming process of removing the organic
film exposed from the second inorganic layer by ashing
to form an organic layer, and

a third inorganic layer forming process of forming a third
inorganic layer such that the third inorganic layer
covers a peripheral end face of the organic layer and the
second inorganic layer,

in the organic layer forming process, the organic film is
removed such that a peripheral end face of the second
inorganic layer is aligned with the peripheral end face
of the organic layer, and

in the third inorganic layer forming process, the third
inorganic layer is formed so as to cover a peripheral end
face of the first inorganic layer or the peripheral end
face of the second inorganic layer.

11. The method of claim 10, characterized in that

in the organic layer forming process, the organic film is

removed with the second inorganic layer as a mask.

12. The method of claim 10, characterized in that

in the organic film forming process, the organic film is
formed by a deposition process.

13. The method of claim 10, characterized in that

the light emitting element is an organic EL element.

14. The method of claim 10, characterized in that

the base substrate is flexible.

includes a light emitting element forming process of forming
a light emitting element on a base substrate and an encap-
sulation film forming process of forming an encapsulation
film such that the encapsulation film covers the light emit-
ting element, characterized in that
the encapsulation film forming process includes
a first inorganic layer forming process of forming a first
inorganic layer such that the first inorganic layer covers
the light emitting element, L
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