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(7) ABSTRACT

An organic EL display device includes an element substrate
including a substrate, plurality of organic EL elements
supported by the substrate and respectively located in the
plurality of pixels, and bank layer defining each of the
plurality of pixels; and thin film encapsulation structure
covering the plurality of pixels. The bank layer has an
inclining surface enclosing each of the plurality of pixels.
The thin film encapsulation structure includes a first inor-
ganic barrier layer, organic barrier layer including a plurality
of solid portions in contact with a top surface of the first
inorganic barrier layer, and second inorganic barrier layer in
contact with the top surface of the first inorganic barrier
layer and top surfaces of the plurality of solid portions. The
plurality of solid portions include pixel periphery solid
portions each extending from a portion on the inclining
surface to a peripheral area in the corresponding pixel.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD FOR
PRODUCING SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic EL

display device and a method for producing the same.
BACKGROUND ART

[0002] Organic EL (Electro-Luminescence) display

devices start being put into practical use. One feature of an
organic EL display device is being flexible. An organic EL
display device includes, in each of pixels, at least one
organic EL element (Organic Light Emitting Diode: OLED)
and at least one TFT (Thin Film Transistor) controlling an
electric current to be supplied to each of the at least one
OLED. Hereinafter, an organic EL display device will be
referred to as an “OLED display device”. Such an OLED
display device including a switching element such as a TFT
or the like for each of OLEDs is called an “active matrix
OLED display device”. A substrate including the TFTs and
the OLEDs will be referred to as an “element substrate”.
[0003] An OLED (especially, an organic light emitting
layer and a cathode electrode material) is easily influenced
by moisture to be deteriorated and to cause display uneven-
ness. One technology developed in order to provide an
encapsulation structure that protects the OLED against
moisture while not spoiling the flexibility of the OLED
display device is a thin film encapsulation (TFE) technology.
According to the thin film encapsulation technology, an
inorganic barrier layer and an organic barrier layer are
stacked alternately to provide a sufficient level of barrier
property against water vapor with these thin films. From the
point of view of the moisture-resistance reliability of the
OLED display device, such a thin film encapsulation struc-
ture is typically required to have a WVTR (Water Vapor
Transmission Rate) lower than, or equal to, 1x10™* g/m?/
day.

[0004] A thin film encapsulation structure used in OLED
display devices commercially available currently includes
an organic barrier layer (polymer barrier layer) having a
thickness of about 5 um to about 20 um. Such a relatively
thick organic barrier layer also has a role of flattening a
surface of the element substrate. However, such a thick
organic barrier layer involves a problem that the bendability
of the OLED display device is limited.

[0005] Patent Document No. 1 discloses a thin film encap-
sulation structure including a first inorganic material layer,
a first resin member and a second inorganic material layer
provided on the element substrate in this order, with the first
inorganic material layer being closest to the element sub-
strate. In this thin film encapsulation structure, the first resin
member is present locally, more specifically, around a pro-
truding portion of the first inorganic material layer (first
inorganic material layer covering a protruding portion).
According to Patent Document No. 1, the first resin member
is present locally, more specifically, around the protruding
portion, which may not be sufficiently covered with the first
inorganic material layer. With such a structure, entrance of
moisture or oxygen via the non-covered portion is sup-
pressed. In addition, the first resin member acts as an
underlying layer for the second inorganic material layer.
Therefore, the second inorganic material layer is properly
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formed and properly covers a side surface of the first
inorganic material layer with an expected thickness. The first
resin member is formed as follows. An organic material
heated and vaporized to be mist-like is supplied onto an
element substrate maintained at a temperature lower than, or
equal to, room temperature. The organic material is con-
densed and put into liquid drops on the substrate. The
organic material in liquid drops moves on the substrate by a
capillary action or a surface tension to be present locally,
more specifically, at a border between a side surface of the
protruding portion of the first inorganic material layer and a
surface of the substrate. Then, the organic material is cured
to form the first resin member at the border. Patent Docu-
ment No. 2 also discloses an OLED display device including
a similar thin film encapsulation structure.

[0006] The thin film encapsulation structure, described in
each of Patent Documents Nos. 1 and 2, including an organic
barrier layer formed of a resin menber that is present locally
does not include a thick organic barrier layer, and therefore,
is considered to improve the bendability of the OLED
display device.

[0007] Patent Document No. 3 discloses an OLED display
device as described below. A bank layer is formed at the
border between pixels. A side surface of the bank layer
includes a steeply inclining cliff portion, having an inclina-
tion angle larger than, or equal to, 90 degrees, along most of
a circumference of each of the pixels, and also includes a
slowly inclining portion, having an inclination angle smaller
than 90 degrees, along a part of the circumference of each
of the pixels. With such a structure, a flattening layer
(corresponding to an organic barrier layer in this specifica-
tion) included in a thin film encapsulation structure formed
on the bank layer is suppressed from being delaminated. On
the slowly inclining portion shown in FIG. 5 of Patent
Document No. 3, the flattening layer has an inclination angle
of about 12 degrees. In a conventional thin film encapsula-
tion structure shown in FIG. 12 of Patent Document No. 3,
a flattening layer has an inclination angle of about 10
degrees.

CITATION LIST

Patent Literature

[0008] Patent Document No. 1: WO2014/196137

[0009] Patent Document No. 2: Japanese Laid-Open Pat-
ent Publication No. 2016-39120

[0010] Patent Document No. 3: Japanese Laid-Open Pat-
ent Publication No. 2015-50022

SUMMARY OF INVENTION

Technical Problem

[0011] The studies made by the present inventor have
found that the front luminance and the directivity of an
organic EL display device are influenced by the presence of
an organic barrier layer (flattening layer in Patent Document
No. 3).

[0012] The present invention has an object of providing an
organic EL display device having an improved front lumi-
nance and an improved directivity, and a method for pro-
ducing the same.
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Solution To Problem

[0013] An organic EL display device according to an
embodiment of the present invention is an organic EL
display device including a plurality of pixels. The organic
EL display device comprises an element substrate including
a substrate, a plurality of organic EL elements supported by
the substrate and respectively located in the plurality of
pixels, and a bank layer defining each of the plurality of
pixels; and a thin film encapsulation structure covering the
plurality of pixels. The bank layer has an inclining surface
enclosing each of the plurality of pixels. The thin film
encapsulation structure includes a first inorganic barrier
layer, an organic barrier layer including a plurality of solid
portions in contact with a top surface of the first inorganic
barrier layer and distributed discretely, and a second inor-
ganic barrier layer in contact with the top surface of the first
inorganic barrier layer and top surfaces of the plurality of
solid portions of the organic barrier layer. The plurality of
solid portions include pixel periphery solid portions each
extending, on the first inorganic barrier layer, from a portion
on the inclining surface to a peripheral area in a correspond-
ing pixel of the plurality of pixels, the pixel periphery solid
portions each extending along the entirety of a circumfer-
ence of the pixel. A refractive index n0 of the organic barrier
layer is smaller than a refractive index nl of the second
inorganic barrier layer, and the top surfaces of the pixel
periphery solid portions each have an inclination angle 0a
larger than, or equal to, 20 degrees. It is preferred that the
inclination angle 0a of each of the top surfaces of the pixel
periphery solid portions is larger than, or equal to, 30
degrees. The inclination angle 0a is substantially the same
along the entirety of the circumference of the pixel.

[0014] In an embodiment, the inclination angle 0a of each
of the top surfaces of the pixel periphery solid portions is
smaller than, or equal to, 40 degrees.

[0015] Inanembodiment, the inclining surface of the bank
layer has an inclination angle 0b of 20 degrees or larger and
60 degrees or smaller.

[0016] In an embodiment, the refractive index nl of the
second inorganic barrier layer and the refractive index n0 of
the organic barrier layer have a difference (An1=n1-n0) that
is larger than, or equal to, 0.25.

[0017] In an embodiment, the refractive index nl of the
second inorganic barrier layer is 1.75 or larger and 1.90 or
smaller. It is preferred that the refractive index nl of the
second inorganic barrier layer is 1.80 or larger.

[0018] In an embodiment, a refractive index of the first
inorganic barrier layer is equal to the refractive index nl of
the second inorganic barrier layer. It is preferred that the first
inorganic bartier layer and the second inorganic barrier layer
are each a silicon nitride film (SiN film).

[0019] In an embodiment, the pixel periphery solid pot-
tions each have a recessed surface. The pixel periphery solid
portions having such a structure are formed by use of a resin
having a high adhesiveness (wettability) to the bank layer.
[0020] It is preferred that the organic barrier layer is
formed of a colorless and transparent photocurable resin
(e.g., acrylic resin).

[0021] A method for producing an organic EL display
device according to an embodiment of the present invention
is a method for producing the organic EL display device of
any of the above. The step of forming the thin film encap-
sulation structure includes the steps of preparing the element
substrate having the first inorganic barrier layer formed

Jul. 16, 2020

thereon in a chamber; supplying a vapor-like or mist-like
photocurable resin into the chamber; condensing the pho-
tocurable resin on the first inorganic barrier layer to form a
liquid film; irradiating the liquid film of the photocurable
resin with light to form a photocurable resin layer; and
partially ashing the photocurable resin layer to form the
organic barrier layer. The viscosity and/or the wettability to
the inclining surface, for example, of the photocurable resin
are controlled such that a liquid film is formed on the
inclining surface of the bank layer. The surface of the
inclining surface may be modified in order to adjust the
wettability or the like of the photocurable resin.

[0022] A method for producing an organic EL display
device according to an embodiment of the present invention
is a method for producing the organic EL display device of
any of the above. The step of forming the organic barrier
layer is performed by spraying, spin-coating, slit-coating,
screen printing or inkjet printing. The method may further
include the step of ashing. The organic barrier layer may be
formed of a photosensitive resin, and mask exposure may be
performed. The pixel periphery solid portions maybe
formed, and also an inorganic barrier layer joint portion,
where the first inorganic barrier layer and the second inor-
ganic barrier layer are in direct contact with each other, may
also be formed, by the mask exposure.

Advantageous Effects Of Invention

[0023] An embodiment of the present invention provides
an organic ELL display device having an improved front
luminance and an improved directivity, and a method for
producing the same.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1(a) is a schematic partial cross-sectional
view of an active region of an OLED display device 100
according to an embodiment of the present invention, and
FIG. 1(b) is a partial cross-sectional view of a TFE structure
10 formed on an OLED 3.

[0025] FIG. 2 is a plan view schematically showing a
structure of the OLED display device 100 according to
embodiment 1 of the present invention.

[0026] FIG. 3(a) through FIG. 3(c) are each a schematic
cross-sectional view of the OLED display device 100; FIG.
3(a) is a cross-sectional view taken along line 3A-3A' in
FIG. 2, FIG. 3(b) is a cross-sectional view taken along line
3B-3B' in FIG. 2, and FIG. 3(c) is a cross-sectional view
taken along line 3C-3C' in FIG. 2.

[0027] FIG. 4(a) is an enlarged view of a portion including
aparticle P shown in FIG. 3(a), FIG. 4(b) is a schematic plan
view showing the size relationship among the particle P, a
first inorganic barrier layer (SiN layer) covering the particle
P, and an organic barrier layer, and FIG. 4(c) is a schematic
cross-sectional view of the first inorganic barrier layer
covering the particle P.

[0028] FIG. 5is a plan view schematically showing a bank
layer 48 included in the OLED display device 100.

[0029] FIG. 6(a) and FIG. 6(b) provide cross-sectional
views schematically showing a pixel and the bank layer 48
included in the OLED display device 100; FIG. 6(a) is a
cross-sectional view taken along line 6A-6A" in FIG. 5, and
FIG. 6()) is a cross-sectional view taken along line 6B-6B'
in FIG. 5.
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[0030] FIG. 7is a schematic cross-sectional view provided
to describe functions and effects of a pixel periphery solid
portion 14a of the TFE structure 10 included in the OLED
display device 100.

DESCRIPTION OF EMBODIMENTS

[0031] Hereinafter, an OLED display device and a method
for producing the same according to an embodiment of the
present invention will be described with reference to the
drawings. The embodiments of the present invention are not
limited to the embodiments described below as an example.
For example, an organic EL display device according to an
embodiment of the present invention may include, for
example, a glass substrate instead of a flexible substrate.
[0032] First, with reference to FIG. 1(a) and FIG. 1(b), a
basic structure of an OLED display device 100 according to
an embodiment of the present invention will be described.
FIG. 1(a) is a schematic partial cross-sectional view of an
active region of the OLED display device 100 according to
an embodiment of the present invention. FIG. 1(b) is a
partial cross-sectional view of a TFE structure 10 formed on
an OLED 3.

[0033] The OLED display device 100 includes a plurality
of pixels, and each of the pixels includes at least one organic
EL element (OLED). Herein, a structure corresponding to
one OLED will be described for the sake of simplicity.
[0034] As shown in FIG. 1(a), the OLED display device
100 includes a flexible substrate (hereinafter, may be
referred to simply as a “substrate™) 1, a circuit (back plane)
2 formed on the substrate 1 and including a TFT, the OLED
3 formed on the circuit 2, and the TFE structure 10 formed
on the OLED 3. The OLED 3 is, for example, of a top
emission type. An uppermost portion of the OLED 3 is, for
example, an upper electrode or a cap layer (refractive index
adjusting layer). An optional polarizing plate 4 is located on
the TFE structure 10.

[0035] The substrate 1 is, for example, a polyimide film
having a thickness of 15 pm. The circuit 2 including the TFE
has a thickness of, for example, 4 um. The OLED 3 has a
thickness of, for example, 1 um. The TFE structure 10 has
a thickness that is, for example, less than, or equal to, 1.5
pm.

[0036] FIG. 1(b) is a partial cross-sectional view of the
TFE structure 10 formed on the OLED 3. The TFE structure
10 includes a first inorganic barrier layer (e.g., SiN layer) 12,
an organic barrier layer (e.g., acrylic resin layer) 14, and a
second inorganic barrier layer (e.g., SiN layer) 16. The first
inorganic barrier layer 12 is formed immediately on the
OLED 3. The organic barrier layer 14 includes a plurality of
solid portions that are in contact with a top surface of the first
inorganic barrier layer 12 and are distributed discretely. The
second inorganic barrier layer 16 is in contact with the top
surface of the first inorganic barrier layer 12 and top surfaces
of the plurality of solid portions of the organic barrier layer
14. The organic barrier layer 14 is transparent (having a
transmittance higher than, or equal to, 95% for visible light
when having a thickness of 1 um).

[0037] The first inorganic barrier layer 12 and the second
inorganic barrier layer 16 are each, for example, an SiN
layer (e.g., Si;N, layer) having a thickness of, for example,
400 nm. The first inorganic barrier layer 12 and the second
inorganic barrier layer 16 each have a thickness of 200 nm
or greater and 1000 nm or less independently. The thickness
of the TFE structure 10 is preferably 400 nm or greater and
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less than 2 wm, and more preferably 400 nm or greater and
less than 1.5 um. The thickness of the organic barrier layer
14, which depends on the size of the protruding portion of
the surface of the first inorganic barrier layer 12 or the size
of the particle, may be 1 um at the maximum. The thickness
of the organic barrier layer 14 is typically 200 nm or greater
and 500 nm or less.

[0038] The TFE structure 10 is formed so as to protect an
active region (see the active region R1 in FIG. 2) of the
OLED display device 100. As described above, the TFE
structure 10 includes, in at least the active region, the first
inorganic barrier layer 12, the organic barrier layer 14 and
the second inorganic barrier layer 16 in this order, with the
first inorganic barrier layer 12 being closest to the OLED 3.
The organic barrier layer 14 is not present as a film covering
the entirety of the active region, but has openings. Portions
of the organic barrier layer 14 where an organic film is
actually present, namely, portions except for the openings,
will be referred to as “solid portions”. The “openings” (may
also referred to as “non-solid portions™) do not need to be
enclosed by the solid portions and may include a cutout
portion and the like. In the openings, the first inorganic
barrier layer 12 and the second inorganic barrier layer 16 are
in direct contact with each other. The openings of the organic
barrier layer 14 include at least an opening formed so as to
enclose the active region, and the active region is fully
enclosed by the portion in which the first inorganic barrier
layer 12 and the second inorganic barrier layer 16 are in
direct contact with each other (hereinafter, such a portion
will be referred to as an “inorganic barrier layer joint
portion”™).

[0039] With reference to FIG. 2 through FIG. 7, a structure
of, and a method for producing, an OLED display device
according to an embodiment of the present invention will be
described.

[0040] FIG. 2 is a schematic plan view of the OLED
display device 100 according to an embodiment of the
present invention.

[0041] The OLED display device 100 includes the flexible
substrate 1, the circuit (back plane) 2 formed on the substrate
1, a plurality of the OLEDs 3 formed on the circuit 2, and
the TFE structure 10 formed on the OLEDs 3. A layer
including the plurality of OLEDs 3 may be referred to as an
“OLED layer 3”. The circuit 2 and the OLED layer 3 may
share a part of components. The optional polarizing plate
(see reference numeral 4 in FIG. 1) may further be located
on the TFE structure 10. In addition, for example, a layer
having a touch panel function may be located between the
TFE structure 10 and the polarizing plate. Namely, the
OLED display device 100 may be altered to a display device
including an on-cell type touch panel.

[0042] The circuit 2 includes a plurality of TFTs (not
shown), and a plurality of gate bus lines (not shown) and a
plurality of source bus lines (not shown) each connected
with either one of the plurality of TFTs (not shown). The
circuit 2 may be a known circuit that drives the plurality of
OLEDs 3. The plurality of OLEDs 3 are each connected with
either one of the plurality of TFTs included in the circuit 2.
The OLEDs 3 may be known OLEDs.

[0043] The OLED display device 100 further includes a
plurality of terminals 38 located in a peripheral region R2
outer to the active region R1 (region enclosed by the dashed
line in FIG. 2), where the plurality of OLEDs 3 are located,
and also includes a plurality of lead wires 30 connecting
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each of the plurality of terminals 38 and either one of the
plurality of gate bus lines or either one of the plurality of
source bus lines to each other. The TFE structure 10 is
formed on the plurality of OLEDs 3 and on a portion of the
plurality of lead wires 30 that is close to the active region
R1. Namely, the TFE structure 10 covers the entirety of the
active region R1 and is also selectively formed on the
portion of the plurality of lead wires 30 that is close to the
active region R1. Neither a portion of the plurality of lead
wires 30 that are closer to the terminals 38, nor the terminals
38, is covered with the TFE structure 10.

[0044] Hereinafter, an example in which the lead wires 30
and the terminals 38 are integrally formed in the same
conductive layer will be described. Alternatively, the lead
wires 30 and the terminals 38 may be formed in different
conductive layers (encompassing stack structures).

[0045] Now, with reference to FIG. 3(a) through FIG.
3(c), the TFE structure 10 of the OLED display device 100
will be described. FIG. 3(a) is a cross-sectional view taken
along line 3A-3A' in FIG. 2. FIG. 3(b) is a cross-sectional
view taken along line 3B-3B' in FIG. 2. FIG. 3(¢) is a
cross-sectional view taken along line 3C-3C' in FIG. 2.
[0046] As shown in FIG. 3(a) and FIG. 3(b), the TFE
structure 10 includes the first inorganic barrier layer 12
formed on the OLED 3, the organic barrier layer 14, and the
second inorganic barrier layer 16 in contact with the first
inorganic barrier layer 12 and the organic barrier layer 14.
The first inorganic barrier layer 12 and the second inorganic
barrier layer 16 are each, for example, an SiN layer, and are
selectively formed in a predetermined region so as to cover
the active region R1 by plasma CVD by use of a mask. In
general, a surface of a layer formed by a thin film deposition
method (e.g., CVD, sputtering, vacuum vapor deposition)
reflects a stepped portion in an underlying layer. The organic
barrier layer (solid portion) 14 is formed only around the
protruding portion of the surface of the first inorganic barrier
layer 12.

[0047] FIG. 3(a) is a cross-sectional view taken along line
3A-3A" in FIG. 2, and shows a portion including a particle
P. The particle P is a microscopic dust particle generated
during the production of the OLED display device, and is,
for example, a microscopic piece of broken glass, a metal
particle or an organic particle. Such a particle is especially
easily generated in the case where mask vapor deposition is
used.

[0048] As shown in FIG. 3(a), the organic barrier layer
(solid portion) 14 includes a portion 145 formed around the
particle P. A reason for this is that an acrylic monomer
supplied after the first inorganic barrier layer 12 is formed is
condensed and present locally, namely, around a surface of
a first inorganic barrier layer 12a on the particle P (the
surface has a tapering angle larger than 90 degrees). The
organic barrier layer 14 includes the opening (non-solid
portion) on a flat portion of the first inorganic barrier layer
12.

[0049] Now, with reference to FIG. 4(a) through FIG.
4(c), a structure of the portion including the particle P will
be described. FIG. 4(a) is an enlarged view of the portion
including the particle P shown in FIG. 3(a). FIG. 4(d) is a
schematic plan view showing the size relationship among
the particle P, the first inorganic barrier layer (SiN layer) 12
covering the particle P and the organic barrier layer 14. FIG.
4(c) is a schematic cross-sectional view of the first inorganic
barrier layer covering the particle P.
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[0050] In the case where the particle P (having a diameter
that is, for example, longer than, or equal to, 1 um) is
present, a crack (defect) 12¢ may be formed in the first
inorganic barrier layer as shown in FIG. 4(c). As described
below, this is considered to be caused by impingement of the
SiN layer 12a growing from a surface of the particle P and
an SiN layer 125 growing from a flat portion of a surface of
the OLED 3. In the case where such a crack 12¢ is present,
the level of barrier property of the TFE structure 10 is
decreased.

[0051] Inthe TFE structure 10 of the OLED display device
100, as shown in FIG. 4(a), the organic barrier layer 14 is
formed to fill the crack 12¢ of the first inorganic barrier layer
12, and a surface of the organic barrier layer 14 connects a
surface of the first inorganic barrier layer 124 on the particle
P and a surface of the first inorganic barrier layer 125 on the
flat portion of the OLED 3 to each other continuously and
smoothly. The organic barrier layer 14, which is formed by
curing a photocurable resin in a liquid state as described
below, has a recessed surface by a surface tension. In this
state, the photocurable resin exhibits a high level of wetta-
bility to the first inorganic barrier layer 12. If the level of
wettability of the photocurable resin to the first inorganic
barrier layer 12 is low, the surface of the organic barrier
layer 14 may protrude. The organic barrier layer 14 may also
be formed with a small thickness on the first inorganic
barrier layer 12a on the particle P.

[0052] The organic barrier layer (solid portion) 14 having
the recessed surface connects the surface of the first inor-
ganic barrier layer 12a on the particle P and the surface of
the first inorganic barrier layer 125 on the flat portion to each
other continuously and smoothly. Therefore, the second
inorganic barrier layer 16 formed thereon is a fine film with
no defect. As can be seen, even if the particle P is present,
the organic barrier layer 14 keeps high the level of barrier
property of the TFE structure 10.

[0053] As shown in FIG. 4(b), the organic barrier layer 14
(solid portion) is formed in a ring shape around the particle
P. Where the particle P has a diameter (equivalent circle
diameter) of about 1 um as seen in a direction normal to the
surface of the OLED 3, the ring-shaped solid portion has a
diameter D, (equivalent circle diameter) that is, for example,
longer than, or equal to, 2 pm.

[0054] In this example, the organic barrier layer 14 is
formed only in a discontinuous portion in the first inorganic
barrier layer 12 formed on the particle P, and the particle P
is already present before the first inorganic barrier layer 12
is formed on the OLED 3. The particle P may be present on
the first inorganic barrier layer 12. In this case, the organic
barrier layer 14 is formed only at the border, namely, in a
discontinuous portion, between the first inorganic barrier
layer 12 and the particle P on the first inorganic barrier layer
12, and thus maintains the barrier property of the TFE
structure 10 like in the above-described case. The organic
barrier layer 14 may also be formed with a small thickness
on the surface of the first inorganic barrier layer 124 on the
particle P, or on the surface of the particle P. In this
specification, the expression that “the organic barrier layer
14 is present around the particle P” encompasses all these
forms.

[0055] The organic barrier layer (solid portion) 14 is not
limited to being formed as in the example of FIG. 3(a), and
may be formed only around the protruding portion of the
surface of the first inorganic barrier layer 12 for substantially
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the same reason. Examples of the other regions where the
organic barrier layer (solid portion) 14 may be formed will
be described below.

[0056] Now, with reference to FIG. 3(b), a structure of the
TFE structure 10 on the lead wires 30 will be described. FIG.
3(b) is a cross-sectional view taken along line 3B-3B' in
FIG. 2; more specifically, is a cross-sectional view of
portions 32, of the lead wires 30, close to the active region
R1.

[0057] As shown in FIG. 3(5), the organic barrier layer
(solid portions) 14 includes portions 14¢ formed around the
protruding portions of the surface of the first inorganic
barrier layer 12. The protruding portions reflect the cross-
sectional shape of the portions 32 of the lead wires 30.
[0058] The lead wires 30 are patterned by the same step as
that of, for example, the gate bus lines or the source bus
lines. Thus, in this example, the gate bus lines and the source
bus lines formed in the active region R1 also have the same
cross-sectional structure as that of the portion 32, of each of
the lead wires 30, close to the active region R1 shown in
FIG. 3(b). It should be noted that typically, a flattening layer
is formed on the gate bus lines and the source bus lines
formed in the active region R1, and thus no stepped portion
is formed at the surface of the first inorganic barrier layer 12
on the gate bus lines and the source bus lines.

[0059] The portion 32 of the lead wire 30 may have, for
example, a forward tapering side surface portion (inclining
side surface portion) having a tapering angle smaller than 90
degrees. In the case where the lead wire 30 includes the
forward tapering side surface portion, formation of defects
in the first inorganic barrier layer 12 and the second inor-
ganic barrier layer 16 formed on the lead wire 30 is
prevented. Namely, the moisture-resistance reliability of the
TFE structure 10 is improved. The tapering angle of the
forward tapering side surface portion is preferably smaller
than, or equal to, 70 degrees.

[0060] The active region R1 of the OLED display device
100 is substantially covered with the inorganic barrier layer
joint portion, in which the first inorganic barrier layer 12 and
the second inorganic barrier layer 16 are in direct contact
with each other, except for the regions where the organic
barrier layer 14 is selectively formed. Therefore, it does not
occur that the organic barrier layer 14 acts as a moisture
entrance route to allow the moisture to reach the active
region R1 of the OLED display device.

[0061] The OLED display device 100 according to an
embodiment of the present invention is preferably usable
for, for example, medium- to small-sized high-definition
smartphones and tablet terminals. In a medium- to small-
sized (e.g.. 5.7-inch) high-definition (e.g., 500 ppi) OLED
display device, it is preferred that lines (encompassing the
gate bus lines and the source bus lines) in the active region
R1 have a cross-sectional shape, taken in a direction parallel
to a line width direction, close to a rectangle (side surfaces
of the lines have a tapering angle of about 90 degrees) in
order to allow the lines to have a sufliciently low resistance
with a limited line width. In order to form the lines having
a low resistance, the tapering angle of the forward tapering
side surface portion TSF may be larger than 70 degrees and
smaller than 90 degrees, or the tapering angle may be about
90 degrees in the entire length of the lines with no forward
tapering side surface portion TSF being provided.

[0062] Now, FIG. 3(c) will be referred to. FIG. 3(c) is a
cross-sectional view of a region where the TFE structure 10
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is not formed. In this region, a terminal portion 38 has the
same cross-sectional structure as that of portions 36 of the
lead wires 30 shown in FIG. 3(c). The portions 36 of the lead
wires 30 shown in FIG. 3(¢) may have a tapering angle of,
for example, about 90 degrees.

[0063] Now, with reference to FIG. 5 and FIG. 6, the
organic barrier layer 14 formed around a bank structure BS
will be described. The organic barrier layer (solid portion)
14 is also formed around a protruding portion of the surface
of a portion, of the first inorganic barrier layer 12, that is
used to form the bank structure BS. FIG. 5 is a plan view
schematically showing the plurality of pixels and a bank
layer 48 included in the OLED display device 100. FIG. 6(a)
is a cross-sectional view taken along line 6A-6A" in FIG. 5,
and FIG. 6(b) is a cross-sectional view taken along line
6B-6B' in FIG. 5.

[0064] As shown in FIG. 6(a), the OLED display device
100 further includes the bank structure BS defining each of
the plurality of pixels. The bank structure BS has an inclin-
ing surface enclosing each of the plurality of pixels. The
plurality of solid portions of the organic barrier layer 14
include pixel periphery solid portions 14a each extending,
on the first inorganic barrier layer 12, from an inclining
surface S12 thereof to a peripheral area in a corresponding
pixel of the plurality of pixels.

[0065] As shown in FIG. 6(a), the bank structure BS
includes the bank layer 48 formed of an insulating material
(the bank layer may be referred to also as a “PDL (Pixel
Defining Layer)”). The bank layer 48 is formed between a
lower electrode 42 and an organic layer 44 of the OLED 3.
As shown in FIG. 6(a), the OLED 3 includes the lower
electrode 42, the organic layer 44 formed on the lower
electrode 42, and an upper electrode 46 formed on the
organic layer 44. In this example, the lower electrode 42 and
the upper electrode 46 respectively act as an anode and a
cathode of the OLED 3. The upper electrode 46 is a common
electrode formed for the entirety of the pixels in the active
region. By contrast, the lower electrode (pixel electrode) 42
is formed for each of the pixels. In the structure in which the
bank layer 48 is present between the lower electrode 42 and
the organic layer 44, no holes are injected from the lower
electrode 42 into the organic layer 44. Therefore, the region
where the bank layer 48 is present does not act as a pixel Pix.
Thus, the bank layer 48 defines an outer perimeter of the
pixel Pix.

[0066] As shown in FIG. 5, each pixel Pix is defined by an
opening in the bank layer 48. The bank layer 48 is formed
to be, for example, lattice-shaped. A side surface of the
opening of the bank layer 48 has an inclining surface
including the forward tapering side surface portion TSF. The
inclining surface of the bank layer 48 encloses each pixel.
The bank layer 48 is formed of, for example, a photosensi-
tive resin (e.g., polyimide or acrylic resin). The bank layer
48 has a thickness of, for example, 1 um to 2 wm. The
inclining surface of the bank layer 48 is inclined at an
inclination angle 8b that is smaller than, or equal to, 60
degrees. If the inclination angle 0b of the inclining surface
of the bank layer 48 is larger than 60 degrees, a defect may
be caused in layers located on the bank layer 48. The layers
located on the bank layer 48 (including, for example, the
organic layer 44, the upper electrode 46, the first inorganic
barrier layer 12 and the second inorganic barrier layer 16)
may be included in the bank structure BS. The layers
included in the bank structure BS may each have an inclin-
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ing surface enclosing each of the plurality of pixels. In the
case where each of the layers formed on the bank layer 48
is thinner than the bank layer 48, the inclination angle of the
inclining surface of the bank structure BS is considered to be
substantially equal to the inclination angle 8b of the inclin-
ing surface of the bank layer 48. The first inorganic barrier
layer 12 is included in the bank structure BS, and has the
inclining surface S12 enclosing each of the plurality of
pixels. The organic barrier layer (solid portion) 14 includes
the pixel periphery solid portion 14a extending, on the first
inorganic barrier layer 12 from the inclining surface S12
thereof to a peripheral area in the pixel.

[0067] As shown in, for example, FIG. 6(a), in a central
area of the pixel, the organic barrier layer 14 is formed only
in a discontinuous portion formed in the first inorganic
barrier layer 12 by the particle P. Namely, as shown in FIG.
6(b), the organic barrier layer 14 is not present in a central
area, of the pixel, where no particle P is present. The OLED
display device with no particle P does not include the
organic barrier layer in the central area of the pixel. The
particle P has a size (equivalent spherical diameter) of]
typically, 0.3 pm or longer and 5 um or shorter. Aboard of
G4.5 (730 mmx920 mm) may have, for example, several
tens to about 100 particles. One OLED display device
(active region) may have approximately several particles.
Needless to say, there are OLED display devices with no
particle P. The organic barrier layer 14 is formed of, for
example, a cured photocurable resin. A portion where the
photocurable resin is actually present is referred to as a
“solid portion”. As described above, the organic barrier layer
14 (solid portion) is selectively formed only around a
protruding portion of the surface of the first inorganic barrier
layer 12.

[0068] As shown in, for example, FIG. 6(a), in the case
where there is a particle P in the central area of the pixel, the
organic barrier layer 14 is formed in a discontinuous portion
formed by the particle P. As described above with reference
to FIG. 4(b), the organic barrier layer (solid portion) 14 is
formed in a ring shape around the particle P. Where the
particle P has a diameter (equivalent circle diameter) of, for
example, about 1 um as seen in a direction normal to the
surface of the OLED 3, the ring-shaped solid portion has a
diameter D, (equivalent circle diameter) that is, for example,
longer than, or equal to, 2 pm. In the case of, for example,
a 5.7-inch display device having 2560x1440 pixels (about
500 ppi), the pixel pitch is 49 um. The size of the particle P
and the size of the organic barrier layer (solid portion) 14
formed around the particle P are sufficiently smaller than the
pixel pitch. Therefore, a change in the transmittance caused
by the barrier layer 14 (solid portion) formed around the
particle P does not have a significant influence on the
display.

[0069] With reference to FIG. 7, functions and effects of
the pixel periphery solid portion 14a (organic barrier layer
14) of the TFE structure 10 included in the OLED display
device 100 will be described.

[0070] As described above, the OLED display device 100
includes the element substrate including the plurality of
organic EL elements respectively located in the plurality of
pixels and the bank layer 48 defining each of the plurality of
pixels, and also includes the TFE structure 10 covering the
plurality of pixels. The bank layer 48 has the inclining
surface enclosing each of the plurality of pixels. The TFE
structure 10 includes the first inorganic barrier layer 12, the
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organic barrier layer 14 including the plurality of solid
portions that are in contact with the top surface of the first
inorganic barrier layer 12 and are distributed discretely, and
the second inorganic barrier layer 16 in contact with the top
surface of the first inorganic barrier layer 12 and the top
surfaces of the plurality of solid portions of the organic
barrier layer 14. The plurality of solid portions include the
pixel periphery solid portions 14a each extending, on the
first inorganic barrier layer 12, from the inclining surface
thereof to a peripheral area in the corresponding pixel. The
pixel periphery solid portions 14a each extend along the
entirety of a circumference of the pixel. A refractive index
n0 of the organic barrier layer 14 is smaller than a refractive
index nl of the first inorganic barrier layer 12. An inclination
angle 6a of a top surface of each of the pixel periphery solid
portions 14a is larger than, or equal to, 20 degrees. It is
preferred that the inclination angle 6a of the top surface is
larger than, or equal to, 30 degrees. It is preferred that the
inclination angle 6a of the top surface is smaller than, or
equal to, 40 degrees. The inclination angle 8a is substantially
the same along the entirety of the circumference of the pixel.
The plurality of pixels each have the bank layer of substan-
tially the same structure. In this specification, the expression
“substantially the same” indicates that the numerical figure
is within the production tolerance, unless otherwise speci-
fied.

[0071] The TFE structure 10 of the OLED display device
100 includes the pixel periphery solid portions 14a
described above. Therefore, the TFE structure 10 has a
higher front luminance and a higher directivity than those of
a conventional TFE structure. Hereinafter, a reason therefor
will be described.

[0072] Alight beam L represented by arrow L in FIG. 7 is
now paid attention to. Among light beams that are output
from the organic layer 44, pass the TFE structure 10 and are
output from the OLED display device 100, the light beam L
represents a track of a light beam that is perpendicularly
incident on a portion, of the pixel periphery solid portion
14aq, that is formed on a flat region Rpa in the pixel. Namely,
the light beam L, output from the organic layer 44 in a
direction normal to the display plane, passes the upper
electrode 46 and the first inorganic barrier layer 12 and is
incident on the pixel periphery solid portion 14a. An inci-
dence angle 01 of the light beam L on the pixel periphery
solid portion 14a is 0 degrees. The light beam L, after
entering the pixel periphery solid portion 14a, advances in
a direction of 62=0°. Then, the light beam L is incident on
the top surface of the pixel periphery solid portion 14a (the
top surface has an inclination angle of 6a) at an angle of 63,
is output from the top surface of the pixel periphery solid
portion 14 at an angel of 84, and is incident on the second
inorganic barrier layer 16.

[0073] The refractive index n0 of the organic barrier layer
14 is smaller than the refractive index nl of the second
inorganic barrier layer 16 (n0<nl). The organic barrier layer
14 is formed of, for example, a photocurable acrylic resin
having a refractive index of 1.54, and the second inorganic
barrier layer 16 is formed of, for example, silicon nitride
(Si3N,) having a refractive index of 1.80 or larger and 1.90
or smaller. Since the refractive index n0 of the organic
barrier layer 14 <the refractive index nl of the second
inorganic barrier layer 16, 63>64 based on Snell’s law.
Silicon nitride (Si;N,) having a refractive index of 1.80 or
larger and 1.90 or smaller has a superb barrier property. It is
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preferred that the first inorganic barrier layer 12 is also
formed of silicon nitride (Si;N,) having a refractive index of
1.80 or larger and 1.90 or smaller. As is well known, the
refractive index may be controlled by the film formation
conditions of the silicon nitride film.

[0074] Next, the light beam L is incident on an interface
between the second inorganic barrier layer 16 and the air at
an angle of 65, and is output from the second inorganic
barrier layer 16 at an angle of 86. The refractive index of the
air is smaller than the refractive index nl of the second
inorganic barrier layer 16. Therefore, 86>85 based on
Snell’s law. 66* is the angle 66 represented as an angle with
respect to the direction normal to the display plane. Namely,
06* represents the polar angle of the light beam L, output
from the OLED display device 100, with respect to the
direction normal to the display plane. Herein, a case where
the top surface of the second inorganic barrier layer 16 is in
contact with the air is described. Even in the case where the
top surface of the second inorganic barrier layer 16 is in
contact with an organic insulating layer and/or an inorganic
insulating layer (having a refractive index smaller than the
refractive index n1 of the second inorganic barrier layer 16),
the light beam L behaves in substantially the same as manner
as that described above.

[0075] An influence exerted on 86* by presence/absence
of the organic barrier layer, namely, the pixel periphery solid
portion 14a was found, and Table 1 shows the results. Table
1 shows the cases where the inclination angle 6a of the top
surface of the pixel periphery solid portion 14a is 10°, 20°,
30° and 40°. The numerical figures in the parentheses
regarding 66* in Table 1 are each a value obtained by
subtracting a value of 86* in the case where the organic
barrier layer is absent from a value of 66* in the case where
the organic barrier layer is present.

[0076] In this example, the refractive index n0 of the
organic barrier layer was 1.54, and the refractive index n1 of
the second inorganic barrier layer 16 was 1.85. The structure
in the case where the organic barrier layer was absent were
found by setting the refractive index n0 of the organic barrier
layer 14 to 1.85(=n1).

TABLE 1
ORGANIC
BARRIER
LAYER nl no 0a(%) 06* (°)
ABSENT 1.85 1.85 10 8.7
PRESENT 1.85 1.54 10 55(-3.2)
ABSENT 1.85 1.85 20 19.3
PRESENT 1.85 1.54 20 11.8(-7.5)
ABSENT 1.85 1.85 30 317
PRESENT 1.85 1.54 30 204(-17.3)
ABSENT 1.85 1.85 40 —
PRESENT 1.85 1.54 40 41.8
[0077] As can be seen from Table 1, provision of the

organic barrier layer 14 decreases the values of 86*. Espe-
cially in the case where the inclination angle 0a of the top
surface of the pixel periphery solid portion 14a is larger
than, or equal to, 20 degrees, there is a conspicuous tendency
that the value of 86* is decreased. Namely, the front
luminance and the directivity of the organic EL display
device may be effectively improved by setting the inclina-
tion angle Oa of the top surface of the pixel periphery solid
portion 14a to be larger than, or equal to, 20 degrees. This
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advantage is more significant in the case where the inclina-
tion angle 0a of the top surface of the pixel periphery solid
portion 14q is larger than, or equal to, 30 degrees. It should
be noted that 8a is preferably smaller than, or equal to, 40
degrees. In the case where 0a exceeds 40 degrees, the
amount of the light beam output from the organic EL display
device may be decreased. Table 1 does not show any
numerical figure in the case where the organic barrier layer
is absent and 6a is 40 degrees. This indicates that the light
beam L is not output from the second inorganic barrier layer
16. Provision of the organic barrier layer 14 may allow the
light beam L to be output from the second inorganic barrier
layer 16 at 66*=41.8° even when 6a is 40 degrees. However,
when 0a exceeds 40 degrees, the light beam may not be
output from the second inorganic barrier layer 16. Needless
to say, the upper limit of 6a depends on the values of the
refractive index of the organic barrier layer and the second
inorganic barrier layer, and is found by a calculation made
based on Snell’s law as described above.

[0078] 1t is preferred that the refractive index nl of the
second inorganic barrier layer 16 and the refractive index n0
of the organic barrier layer 14 have a difference (Anl=n1-
n0) that is larger than, or equal to, 0.25. As shown above as
an example (An=1.85-1.54=0.31), it is further preferred that
An is larger than, or equal to, 0.3.

[0079] The inclination angle 6a of the top surface of the
pixel periphery solid portion 144 is controlled by the incli-
nation angle 8b of the inclining surface of the bank layer 48,
the viscosity of the resin material used to form the organic
barrier layer 14, and the like. In order to control the
inclination angle 6a of the top surface of the pixel periphery
solid portion 14a to be 20 degrees or larger and 40 degrees
or smaller, it is preferred that the inclination angle 8b of the
inclining surface of the bank layer 48 is 20 degrees or larger
and 60 degrees or smaller. As long as the inclination angle
6b of the inclining surface of the bank layer 48 is in this
range, it is easy to control the inclination angle 8a of the top
surface of the pixel periphery solid portion 14a to be 20
degrees or larger and 40 degrees or smaller by use of a
photocurable resin (e.g., ultraviolet-curable acrylic resin)
having a relatively low viscosity. As long as the inclination
angle 6b of the inclining surface of the bank layer is smaller
than, or equal to, 60 degrees, there is no possibility that a
layer (e.g., line or electrode) formed on the bank layer 48 is
ruptured by the stepped portion.

[0080] As long as the inclination angle 6a of the top
surface of the pixel periphery solid portion 14a is larger
than, or equal to, 20 degrees, the problem that the organic
barrier layer 14 is delaminated as described in Patent Docu-
ment No. 3 is suppressed. In the case where a resin having
a high adhesiveness (wettability) to the bank layer is used,
the resultant pixel periphery solid portion 144 has a recessed
surface. In other words, it is preferred to use such a resin
material as to form the pixel periphery solid portion 14a
having a recessed surface to form the organic barrier layer
14.

[0081] It is preferred that the organic barrier layer 14 is
formed of a colorless and transparent photocurable resin
(e.g., ultraviolet-curable acrylic resin). A reason for this is
that if the organic barrier layer 14 absorbs visible light, the
light utilization efficiency (luminance) is decreased.

[0082] It is preferred that the effect, provided by the pixel
periphery solid portion 144, of improving the front lumi-
nance and the directivity is uniformly exhibited in the
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entirety of the circumference of the pixel. Therefore, as
described above, the plurality of pixels each have the bank
layer 48 and the pixel periphery solid portion 14a of
substantially the same structure in the entire circumference
thereof. If the structure of the bank layer 48 or the pixel
periphery solid portion 14a is different in a part of the
circumference of the pixel, the luminous intensity distribu-
tion is different. This may cause a phenomenon that, for
example, the display is colored differently when being
viewed at a particular oblique viewing angle.

[0083] The organic barrier layer 14 may be formed by the
method described in, for example, Patent Document No. 1 or
2. For example, a vapor-like or mist-like organic material
(e.g., acrylic monomer) is supplied, in a chamber, onto an
element substrate maintained at a temperature lower than, or
equal to, room temperature, and is condensed on the element
substrate. The organic material put into a liquid state is
located locally, more specifically, at the border between the
side surface of the protruding portion and the flat portion of
the first inorganic barrier layer 12 by a capillary action or a
surface tension of the organic material. Then, the organic
material is irradiated with, for example, ultraviolet rays to
form the solid portion of the organic barrier layer (e.g.,
acrylic resin layer) 14 at the border, namely, around the
protruding portion. The organic barrier layer 14 formed by
this method includes substantially no solid portion on the flat
portion. Regarding the method for forming the organic
barrier layer 14, the disclosures of Patent Documents Nos. 1
and 2 are incorporated herein by reference. At this point, the
viscosity, the wettability to the inclining surface and the like
of the photocurable resin are controlled such that a liquid
film is formed on the inclining surface of the bank layer. The
surface of the inclining surface may be modified. For the
formation of the organic barrier layer 14, the thickness of the
resin layer to be formed first (e.g., to less than 100 nm)
and/or ashing conditions (including time) may be adjusted.
[0084] The organic barrier layer 14 may be formed by, for
example, spraying, spin-coating, slit-coating, screen printing
or inkjet printing. The method for forming the organic
barrier layer 14 may further include a step of ashing. The
organic barrier layer may be formed of a photosensitive
resin, and mask exposure may be performed. The pixel
periphery solid portion may be formed, and also the inor-
ganic barrier layer joint portion, where the first inorganic
barrier layer and the second inorganic barrier layer are in
direct contact with each other, may also be formed, by the
mask exposure.

[0085] As described above, silicon nitride (Si;N,) having
a refractive index of 1.80 or larger and 1.90 or smaller is
preferably usable for the first inorganic barrier layer and the
second inorganic barrier layer. Alternatively, an SiON layer,
an SiNO layer, an Al,O, layer or the like having a refractive
index nl larger than, or equal to, 1.75 may be used for the
first inorganic barrier layer and the second inorganic barrier
layer.

INDUSTRIAL APPLICABILITY

[0086] Embodiments of the present invention are appli-
cable to an organic EL display device, especially, a flexible
organic EL display device, and a method for producing the
same.

REFERENCE SIGNS LIST

1 substrate (flexible substrate)
2 circuit

[0087]
[0088]
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[0089] 3 OLED layer

[0090] 4 polarizing plate

[0091] 10 TFE structure

[0092] 12 first inorganic barrier layer (SiN layer)
[0093] 14 organic barrier layer

[0094] 14a pixel periphery solid portion

[0095] 16 second inorganic barrier layer (SiN layer)
[0096] 30 lead wire

[0097] 38 terminal portion

[0098] 38 terminal

[0099] 42 lower electrode

[0100] 44 organic layer

[0101] 46 upper electrode

[0102] 48 bank layer

[0103] 100 OLED display device

[0104] BS bank structure

[0105] P particle

[0106] Pix pixel

[0107] RI1 active region

[0108] R2 peripheral region

1. An organic electroluminescent display device including
a plurality of pixels, comprising:
an element substrate including a substrate, a plurality of
organic electroluminescent elements supported by the
substrate and respectively located in the plurality of
pixels, and a bank layer defining each of the plurality
of pixels; and
a thin film encapsulation structure covering the plurality
of pixels,
wherein the bank layer has an inclining surface enclosing
each of the plurality of pixels,
wherein the thin film encapsulation structure includes a
first inorganic barrier layer, an organic barrier layer
including a plurality of solid portions in contact with a
top surface of the first inorganic barrier layer and
distributed discretely, and a second inorganic barrier
layer in contact with the top surface of the first inor-
ganic barrier layer and top surfaces of the plurality of
solid portions of the organic barrier layer,
wherein the plurality of solid portions include pixel
periphery solid portions each extending, on the first
inorganic barrier layer, from a portion on the inclining
surface to a peripheral area in a corresponding pixel of
the plurality of pixels, the pixel periphery solid portions
each extending along the entirety of a circumference of
the pixel,
wherein a refractive index of the first inorganic barrier
layer is 1.75 or larger and 1.90 or smaller
wherein a refractive index n0 of the organic barrier layer
is smaller than a refractive index nl of the second
inorganic barrier layer, and
in a region where the top surfaces of the pixel periphery
solid portions are contact with the top surface of the
first inorganic barrier layer, the top surfaces of the pixel
periphery solid portions each have an inclination angle
Ba larger than, or equal to, 20 degrees, and smaller than,
or equal to, 40 degrees.
2. The organic electroluminescent display device of claim
1, wherein the inclining surface of the bank layer has an
inclination angle 6b of 20 degrees or larger and 60 degrees
or smaller.
3. The organic electroluminescent display device of claim
1, wherein the refractive index nl of the second inorganic
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barrier layer and the refractive index nO of the organic
barrier layer have a difference (Anl=nl1-n0) that is larger
than, or equal to, 0.25.

4. The organic electroluminescent display device of claim
1, wherein the refractive index nl of the second inorganic
barrier layer is 1.75 or larger and 1.90 or smaller.

5. The organic electroluminescent display device of claim
1, wherein the first inorganic barrier layer and the second
inorganic barrier layer each have a thickness of 200 nm or
greater and 1000 nm or less independently.

6. The organic electroluminescent display device of claim
1, wherein the pixel periphery solid portions each have a
recessed surface.

7. A method for producing the organic electroluminescent
display device of claim 1, wherein the step of forming the
thin film encapsulation structure includes the steps of:

preparing the element substrate having the first inorganic

barrier layer formed thereon in a chamber;

supplying a vapor-like or mist-like photocurable resin into

the chamber;

condensing the photocurable resin on the first inorganic

barrier layer to form a liquid film;

irradiating the liquid film of the photocurable resin with

light to form a photocured resin layer; and

partially asking the photocured resin layer to form the

organic barrier layer.

8. A method for producing the organic electroluminescent
display device of claim 1, wherein the step of forming the
organic barrier layer is performed by spraying, spin-coating,
slit-coating, screen printing or inkjet printing.
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