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(57) ABSTRACT

An organic EL display device (1) includes a first substrate
(30), a second substrate (20) facing the first substrate (30), an
organic EL element (4) formed on the first substrate (30) and
provided between the first substrate (30) and the second sub-
strate (20), a sealing member (5) provided between the first
substrate (30) and the second substrate (20), and configured to
attach the first substrate (30) and the second substrate (20)
together to seal the organic EL element (4), and an encapsu-
lation resin (14) formed on the second substrate (20), pro-
vided between the first substrate (30) and the second substrate
(20), and configured to cover a surface of the organic EL
element (4). The sealing member (5) and the encapsulation
resin (14) are separated apart from each other in a plane
direction X of the organic EL display device (1).
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ORGANIC EL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

TECHNICAL FIELD

[0001] The present invention relates to organic EL display
devices including organic electric field light emitting ele-
ments (organic electroluminescence elements: hereinafter
referred to as “organic EL elements™), and methods for manu-
facturing the organic EL display devices.

BACKGROUND ART

[0002] In recent years, organic EL. display devices have
received attention as a next-generation flat panel display
device. The organic EL display device emits light by itself,
and has excellent viewing angle characteristics, high visibil-
ity, low power consumption, and a small thickness. There-
fore, there is an increasing demand for the organic EL display
device.

[0003] The organic EL display device includes a plurality
of organic EL elements arranged in a predetermined pattern.
Each organic EL element includes a first electrode (anode)
formed on an insulating substrate, an organic layer having a
light emitting layer formed on the first electrode, and a second
electrode (cathode) formed on the organic layer.

[0004] Here, the organic EL element typically has a prob-
lem that after being driven for a certain period of time, char-
acteristics of light emission, such as luminance, uniformity,
etc., significantly decrease from the initial levels. Examples
of causes for the decrease in light emission characteristics
include degradation of the organic layer caused by water
contained in ambient air entering the organic EL. element,
oxidation of the electrodes caused by oxygen contained in
ambient air, detachnient of the organic layer and the elec-
trodes caused by the water and oxygen, etc.

[0005] Inan effortto address the above problem, an organic
EL display device has been proposed which is configured to
remove the water and oxygen. More specifically, for example,
an organic EL display device has been described which
includes an organic EL element in which an organic layer is
interposed between a pair of electrodes facing each other, a
hermetic container which houses the organic EL element and
shuts out ambient air, and drying means which is provided in
the hermetic container and separated apart from the organic
EL element, and chemically absorbs water (see, for example,
PATENT DOCUMENT 1).

[0006] Also, for example, an organic EL display device has
been described which includes a first electrode, an organic
layer formed on the first electrode, a second electrode formed
on the organic layer with the organic layer being interposed
between the first electrode and the second electrode, and a
sealing member formed to seal the organic layer. A deoxida-
tion/dehydration member containing an alkali metal or an
alkaline-earth metal is formed at any position in a space
sealed by the sealing member (see, for example, PATENT
DOCUMENT 2).

[0007] However, in the organic EL display device of
PATENT DOCUMENT 1, although water in the hermetic
container can be removed, disadvantageously water cannot be
removed from the organic layer. In the organic EL display
device of PATENT DOCUMENT 2, the alkali metal or alka-
line-earth metal contained in the deoxidation/dehydration
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member is highly reactive to water and oxygen and therefore
is unstable, and therefore, disadvantageously a stable level of
durability is not obtained.

[0008] Therefore, an organic EL display device has been
proposed which includes an encapsulation resin for protect-
ing the organic EL element from water and oxygen. More
specifically, an organic EL display device has been described
which includes an encapsulation resin for encapsulating a
light emission region of the organic EL element formed on an
element substrate, and a sealing member provided on a seal-
ing substrate and functioning as a protective wall to blocking
a light emission region from an electrode region. It has been
described that, with such a configuration, even when the
encapsulation resin for protecting the organic ELL element
from water and oxygen is applied and formed in the light
emission region, the sealing member can prevent an uncured
encapsulation resin from spreading into the electrode region
(see, for example, PATENT DOCUMENT 3).

CITATION LIST

Patent Documents

[0009] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. H09-148066

[0010] PATENT DOCUMENT 2: Japanese Patent Publica-
tion No. 2002-8852

[0011] PATENT DOCUMENT 3: Japanese Patent No.
3705190
SUMMARY OF THE INVENTION
Technical Problem
[0012] However, in the organic EL display device of

PATENT DOCUMENT 3, the encapsulation resin is applied
onto a surface of the organic EL, element provided on the
element substrate. Therefore, it is difficult to control the
thickness of the encapsulation resin between the element
substrate and the sealing substrate, resulting in a disadvanta-
geous decrease in display performance.

[0013] More specifically, in the element substrate, the dis-
play region and the surrounding region have different levels
of surface roughness, and therefore, the encapsulation resin
formed on the element substrate does not have a uniform
thickness. When the element substrate and the sealing sub-
strate are attached together while the encapsulation resin has
a non-uniform height, the distance between the substrates
significantly differs between the display region and the sur-
rounding region. Moreover, in the display region, one of the
substrates is locally raised (bumps occur) due to the surface
roughness, so that the distance between the substrates locally
increases. As a result, the distance between the substrates
significantly differs between the display region and the sur-
rounding region, so that display unevenness occurs, resulting
in a disadvantageous degradation in display performance.
[0014] When the encapsulation resin is applied onto the
surface of the organic EL element, application marks occur in
the display region, resulting in a disadvantage degradation in
display quality of the organic EL display device.

[0015] When the element substrate and the sealing sub-
strate are attached together, the sealing member and the
encapsulation resin contact each other. Therefore, in a region
where the sealing member and the encapsulation resin contact
each other, the uncured encapsulation resin physically mixes
with the sealing member, so that the sealing member is dis-
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solved in the uncured encapsulation resin (compatibiliza-
tion), and disadvantageously, outgassing occurs due to the
compatibilization.

[0016] Moreover, when the element substrate and the seal-
ing substrate are attached together, a gas outgassed from a
material for the encapsulation resin etc. causes an excessive
increase in the internal pressure of the organic EL display
device, resulting in disadvantageous damage occurring at an
interface between the encapsulation resin and the sealing
member.

[0017] Therefore, the present invention has been made in
view of the above problems. It is an object of the present
invention to provide an organic EL display device which can
reduce or prevent a degradation in display performance, com-
patibilization caused by mixture of the encapsulation resin
and the sealing member, and damage caused by outgassing,
and to provide a method for manufacturing the organic EL
display device.

Solution to the Problem

[0018] To achieve the object, an organic EL display device
of the present invention includes a first substrate, a second
substrate facing the first substrate, an organic EL element
formed on the first substrate and provided between the first
substrate and the second substrate, a sealing member pro-
vided between the first substrate and the second substrate, and
configured to attach the first substrate and the second sub-
strate together to seal the organic EL element, and an encap-
sulation resin formed on the second substrate, provided
between the first substrate and the second substrate, and con-
figured to cover a surface of the organic EL. element. The
sealing member and the encapsulation resin are separated
apart from each other in a plane direction of the organic EL
display device.

[0019] With this configuration, the encapsulation resin is
formed on the second substrate. Therefore, unlike the afore-
mentioned conventional technique, it is no longer necessary
to apply the encapsulation resin onto the surface of the first
substrate on which the organic EL element has been formed,
and therefore, itis easier to control the thickness of the encap-
sulation resin between the first substrate and the second sub-
strate. As a result, a reduction in the display performance of
the organic EL display device can be reduced or prevented.
[0020] Also, because the encapsulation resin is formed on
the second substrate, it is no longer necessary to apply the
encapsulation resin onto the surface of the organic EL ele-
ment provided on the first substrate. Therefore, application
marks occurring in a display region can be reduced or pre-
vented, and therefore, a degradation in the display quality of
the organic EL display device caused by the application
marks can be reduced or prevented.

[0021] The sealing member and the encapsulation resin are
separated apart from each other in the plane direction of the
organic EL display device. Therefore, when the first substrate
and the second substrate are attached together, the sealing
member and the encapsulation resin can be prevented from
contacting each other. As a result, it is possible to reduce or
prevent the phenomenon (compatibilization) that the uncured
encapsulation resin physically mixes with the sealing mem-
ber, so that the sealing member is dissolved in the uncured
encapsulation resin. The reduction or prevention of the com-
patibilization can reduce or prevent outgassing of the unre-
acted material due to the compatibilization.
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[0022] Also, because the sealing member and the encapsu-
lation resin are separated apart from each other, a space is
formed between the sealing member and the encapsulation
resin. Therefore, when the first substrate and the second sub-
strate are attached together, even if outgassing occurs in the
material for the encapsulation resin etc., a generated gas can
efficiently escape to the space. As a result, it is possible to
solve the problem that the outgassing excessively increases
the pressure of the inside of the organic EL display device, so
that damage occurs at an interface between the encapsulation
resin and the sealing member.

[0023] In the organic EL display device of the present
invention, arelationship 0.5 L+0.1 TEE=50 T may be estab-
lished, where T is a thickness of the encapsulation resin, E is
a distance between the sealing member and the encapsulation
resin in the plane direction, and L is a width of the sealing
member.

[0024] With this configuration, the compatibilization can
be reduced or prevented without raising the problem that the
size of the organic EL display device increases, whereby an
increase in the internal pressure of the organic EL display
device due to outgassing can be reduced or prevented.
[0025] In the organic EL display device of the present
invention, the thickness of the encapsulation resin may be in
arange of 1 um to 100 pum, both inclusive.

[0026] With this configuration, a sufficient level of durabil-
ity of the organic EL element can be ensured.

[0027] In the organic EL display device of the present
invention, the encapsulation resin may be formed of an ultra-
violet curable resin.

[0028] With this configuration, the number of steps of pro-
ducing the encapsulation resin can be reduced and therefore
the encapsulation resin can be more easily formed.

[0029] In the organic EL display device of the present
invention, the encapsulation resin may be formed of an
acrylic resin or an epoxy resin.

[0030] With this configuration, the encapsulation resin can
be formed of a low-cost and versatile resin material.

[0031] In the organic EL display device of the present
invention, a light blocking member having a capability of
transmitting visible light and a capability of blocking ultra-
violet light may be provided on a surface of the organic EL
element.

[0032] With this configuration, for example, when the
encapsulation resin and the sealing member are formed by
irradiation with ultraviolet light, ultraviolet light entering the
organic EL element can be reliably reduced or prevented. As
a result, a degradation in the organic EL element caused by
irradiation with ultraviolet light can be reduced or prevented.
Also, the light blocking member has a capability of transmit-
ting visible light, and therefore, the organic EL display device
is applicable to any of the following types: bottom emission
type, in which light is extracted through the first substrate; top
emission type, in which light is extracted through the second
substrate; and double-sided emission type, in which light is
extracted through both the first substrate and the second sub-
strate.

[0033] A method for manufacturing an organic EL display
device of the present invention includes at least an organic EL.
element formation step of forming an organic EL element on
a first substrate, a sealing member formation step of forming
a frame-like sealing member on a second substrate, a resin
material application step of applying a resin material for
forming an encapsulation resin to an inside of the sealing
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member formed on the second substrate, where the resin
material is separated apart from the sealing member, a two-
substrate structure formation step of attaching the first sub-
strate and the second substrate together with the sealing mem-
ber being interposed therebetween, in a vacuum atmosphere,
and allowing the resin material to uniformly spread inside the
sealing member, a resin curing step of curing the resin mate-
rial to form the encapsulation resin on the second substrate,
and curing the resin for forming the sealing member, where
the sealing member and the encapsulation resin are separated
apart from each other in the plane direction of organic EL
display device.

[0034] With this configuration, the encapsulation resin is
formed on the second substrate. Therefore, unlike the afore-
mentioned conventional technique, it is no longer necessary
to apply the encapsulation resin onto the surface of the first
substrate on which the organic EL element has been formed,
and therefore, itis easier to control the thickness of the encap-
sulation resin between the first substrate and the second sub-
strate. As a result, a reduction in the display performance of
the organic EL display device can be reduced or prevented.

[0035] Also, because the encapsulation resin is formed on
the second substrate, it is no longer necessary to apply the
encapsulation resin onto the surface of the organic EL ele-
ment provided on the first substrate. Therefore, application
marks occurring in a display region can be reduced or pre-
vented, and therefore, a degradation in the display quality of
the organic EL display device caused by the application
marks can be reduced or prevented.

[0036] The sealing member and the encapsulation resin are
separated apart from each other in the plane direction of the
organic EL display device. Therefore, when the first substrate
and the second substrate are attached together, the sealing
member and the encapsulation resin can be prevented from
contacting each other. As a result, it is possible to reduce or
prevent the phenomenon (compatibilization) that the uncured
encapsulation resin physically mixes with the sealing mem-
ber, so that the sealing member is dissolved in the uncured
encapsulation resin. The reduction or prevention of the com-
patibilization can reduce or prevent outgassing of the unre-
acted material due to the compatibilization.

[0037] Also, because the sealing member and the encapsu-
lation resin are separated apart from each other, a space is
formed between the sealing member and the encapsulation
resin. Therefore, when the first substrate and the second sub-
strate are attached together, even if outgassing occurs in the
material for the encapsulation resin etc., a generated gas can
efficiently escape to the space. As a result, it is possible to
solve the problem that the outgassing excessively increases
the pressure of the inside of the organic EL display device, so
that damage occurs at an interface between the encapsulation
resin and the sealing member.

[0038] In the organic EL display device manufacturing
method of the present invention, in the resin curing step, the
sealing member and the encapsulation resin may be separated
apart from each other so that a relationship 0.5 L+0.1
T=E=50T may be established, where T is a thickness of the
encapsulation resin, E is a distance between the sealing mem-
ber and the encapsulation resin in the plane direction, and L is
a width of the sealing member.

[0039] With this configuration, the compatibilization can
be reduced or prevented without raising the problem that the
size of the organic EL display device increases, whereby an
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increase in the internal pressure of the organic EL display
device due to outgassing can be reduced or prevented.
[0040] In the organic EL display device manufacturing
method of the present invention, in the resin material appli-
cation step, the resin material may be dropped and injected
inside the sealing member.

[0041] With this configuration, when the resin material for
the encapsulation resin is applied, the sealing member and the
resin material formed on the sealing substrate can be easily
prevented from contacting each other.

[0042] In the organic EL display device manufacturing
method of the present invention, in the resin curing step,
heating may be performed.

[0043] With this configuration, the sealing member and the
encapsulation resin thermally contract, and therefore, a space
can be reliably formed between the sealing member and the
resin material, and the sealing member and the encapsulation
resin can be reliably separated apart from each other.

Advantages of the Invention

[0044] According to the present invention, in an organic EL,
display device including an encapsulation resin and a sealing
member, a degradation in display performance can be
reduced or prevented, and the compatibilization caused by
mixture of the encapsulation resin and the sealing member
can be reduced or prevented. Also, damage due to outgassing
can be reduced or prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] [FIG. 1] FIG. 1 is a plan view of an organic EL
display device according to an embodiment of the present
invention.

[0046] [FIG.2]FIG.2isa cross-sectional view taken along
line A-A of FIG. 1.

[0047] [FIG. 3] FIG. 3 is a cross-sectional view for describ-
ing an organic layer included in an organic EL element pro-
vided in the organic EL display device of the embodiment of
the present invention.

[0048] [FIG. 4] FIG. 4is a diagram for describing a method
for manufacturing the organic EL display device of the
embodiment of the present invention.

[0049] [FIG. 5] FIG. 5 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0050] [FIG. 6] FIG. 6 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0051] [FIG. 7] FIG. 7 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0052] [FIG. 8] FIG. 8 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0053] [FIG. 9] FIG. 9 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0054] [FIG. 10] FIG. 10 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0055] [FIG. 11] FIG. 11 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.
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[0056] [FIG. 12] FIG. 12 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0057] [FIG. 13] FIG. 13 is a diagram for describing the
method for manufacturing the organic EL display device of
the embodiment of the present invention.

[0058] [FIG. 14] FIG. 14 is a cross-sectional view for
describing a variation of the organic EL display device of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0059] An embodiment of the present invention will be
described in detail hereinafter with reference to the accom-
panying drawings. Note that the present invention is not lim-
ited to the embodiments described below.

[0060] FIG.1isaplanview of an organic EL display device
according to the embodiment of the present invention. FIG. 2
is a cross-sectional view taken along line A-A of FIG. 1. FIG.
3 is a cross-sectional view for describing an organic layer
included in an organic EL element provided in the organic EL
display device of the embodiment of the present invention.
[0061] As shown in FIGS. 1 and 2, the organic EL display
device 1 includes an element substrate 30 (first substrate), a
sealing substrate 20 (second substrate) facing the element
substrate 30, and an organic EL element 4 which is formed on
the element substrate 30 and provided between the element
substrate 30 and the sealing substrate 20. The organic EL
display device 1 further includes a sealing member S which is
provided between the element substrate 30 and the sealing
substrate 20 and is used to attach the element substrate 30 and
the sealing substrate 20 together to seal the organic EL ele-
ment 4. The sealing member 5 is formed in the shape of a
frame extending along a circumference of the organic EL
element 4. The element substrate 30 and the sealing substrate
20 are attached to each other via the first sealing member 5.
[0062] As shown in FIGS. 1 and 2, the organic EL element
4 is provided on the element substrate 30, and the element
substrate 30 has a display region D surrounded by the sealing
member 5. In the display region D, the organic EL element 4
is provided and formed in a matrix on a surface of the element
substrate 30 facing the sealing substrate 20.

[0063] The element substrate 30 and the sealing substrate
20 are formed of, for example, an insulating material, such as
glass, plastic, etc.

[0064] As shown in FIG. 2, the organic EL. element 4
includes a first electrode 6 (anode) provided on a surface of
the element substrate 30, an organic layer 7 provided on a
surface of the first electrode 6, and a second electrode 8
(cathode) provided on a surface of the organic layer 7.
[0065] There are a plurality of the first electrodes 6 spaced
at predetermined intervals and arranged in a matrix on the
surface of the element substrate 30. Each of the first elec-
trodes 6 forms a corresponding pixel region of the organic EL
display device 1. Note that the first electrode 6 is formed of,
for example, Au, Ni, Pt, ITO (indium-tin oxide), a multilayer
film of ITO and Ag, or the like.

[0066] The organic layer 7 is formed on the surface of each
ofthe first electrodes 6 arranged in a matrix. As shown in FIG.
3, the organic layer 7 includes a hole injection layer 9, a hole
transport layer 10 formed on a surface of the hole injection
layer 9, a light emitting layer 11 formed on a surface of the
hole transport layer 10 and for emitting any of red, green, and
blue light, an electron transport layer 12 formed on a surface
of the light emitting layer 11, and an electron injection layer
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13 formed on a surface of the electron transport layer 12. The
hole injection layer 9, the hole transport layer 10, the light
emitting layer 11, the electron transport layer 12, and the
electron injection layer 13 are successively stacked to form
the organic layer 7.

[0067] The hole injection layer 9 is used to enhance the
efficiency of injection of holes into the light emitting layer 11.
Examples of a material for the hole injection layer 9 include
benzine, styrylamine, triphenylamine, porphyrin, triazole,
imidazole, oxadiazole, polyarylalkane, phenylenediamine,
arylamine, oxazole, anthracene, fluorenone, hydrazone, stil-
bene, triphenylene, azatriphenylene, or derivatives thereof, or
heterocyclic conjugated monomers, oligomers, or polymers,
such as polysilane compounds, vinylcarbazole compounds,
thiophene compounds, aniline-based compounds, etc.
[0068] Similar to the hole injection layer 9, the hole trans-
port layer 10 is used to enhance the efficiency of injection of
holes into the light emitting layer 11. The hole transport layer
10 may be made of a material similar to that for the hole
injection layer 9.

[0069] When a voltage is applied to the light emitting layer
11 via the first electrode 6 and the second electrode 8, holes
and electrons are injected from the electrodes into the light
emitting layer 11, in which the holes and the electrons are
recombined. The light emitting layer 11 is formed of a mate-
rial having a high light emission efficiency. Examples of such
a material include organic materials, such as low molecular-
weight fluorescent dyes, fluorescent macromolecules, metal
complexes, etc. More specifically, examples of the material
include anthracene, naphthalene, indene, phenanthrene,
pyrene, naphthacene, triphenylene, anthracene, perylene,
picene, fluoranthene, acephenanthrylene, pentaphene, penta-
cene, coronene, butadiene, coumarin, acridine, stilbene, or
derivatives thereof, tris(8-quinolinato) aluminum complex,
bis(benzoquinolinato)beryllium complex, tri(dibenzoylm-
ethyl)phenanthroline europium complex, and ditoluylvinyl-
biphenyl.

[0070] The electron transport layer 12 is used to transport
electrons injected from the second electrode 8 to the light
emitting layer 11. Examples of a material for the electron
transport layer 12 include quinoline, perylene, phenanthro-
line, bisstyryl, pyrazine, triazole, oxazole, oxadiazole, fluo-
renone, or derivatives and metal complexes thereof. More
specifically, examples of the material include tris(8-hydrox-
yquinoline)aluminum , anthracene, naphthalene, phenan-
threne, pyrene, anthracene, perylene, butadiene, coumarin,
acridine, stilbene, 1,10-phenanthroline, or derivatives and
metal complexes thereof.

[0071] Similar to the electron transport layer 12, the elec-
tron injection layer 13 is used to transfer electrons injected
from the second electrode 8 to the light emitting layer 11. The
electron injection layer 13 is formed of a material similar to
that for the electron transport layer 12.

[0072] The second electrode 8 has a function of injecting
electrons into the organic layer 7. The second electrode 8 is
formed of, for example, a magnesium alloy (e.g., MgAg etc.),
an aluminum alloy (e.g., AlLi, AlCa, AIMg, etc.), metallic
calcium, a metal having a low work function, etc.

[0073] The sealing member 5 which is used to attach the
element substrate 30 and the sealing substrate 20 together is
used to fix the element substrate 30 and the sealing substrate
20 to each other. Examples of the resin forming the sealing
member S includes ultraviolet curable resins and thermoset-
ting resins, such as acrylic resins, epoxy resins, etc.



US 2012/0068169 Al

[0074] Thesealing member 5 contains a spacer 17 (see FIG.
2) which regulates a distance between the element substrate
30 and the sealing substrate 20 (i.e., a thickness of an encap-
sulation resin 14). The spacer 17 is formed of, for example,
Si0, (silicon oxide).

[0075] As shownin FIG. 2, the organic EL display device 1
also includes an encapsulation resin 14 formed of a resin. The
encapsulation resin 14 is used to protect the organic EL ele-
ment 4 from water and oxygen. Examples of the resin
included in the encapsulation resin 14 include, but are not
particularly limited to, ultraviolet curable resins, thermoset-
ting resins, two-component curable resins, water curable res-
ins, anaerobic curable resins, hot melt resins, etc. Of these
resins, ultraviolet light curable, thermosetting, and two-com-
ponent curable epoxy resins having water and oxygen perme-
ability are preferably used. Ultraviolet curable resins are pref-
erably used because the number of steps of producing the
encapsulation resin 14 can be reduced and therefore the
encapsulation resin 14 can be easily formed. The thickness T
ofthe encapsulation resin 14 is preferably 1-100 pm because
a sufficient level of durability of the organic EL element 4 can
be ensured.

[0076] Note that, in this embodiment, as shown in FIG. 2, a
protection film 15 which prevents the organic EL element 4
and the encapsulation resin 14 from contacting each other to
protect the organic EL element 4 is formed on the organic EL
element 4. The protection film 15 is formed of, for example,
an inorganic material, such as SiO,, SiON, etc.

[0077] Here, in the organic EL display device 1 of this
embodiment, as shown in FIG. 2, an encapsulation resin 14 is
formed on the sealing substrate 20 and is provided between
the element substrate 30 and the sealing substrate 20.

[0078] With such a configuration, unlike the aforemen-
tioned conventional technique, it is no longer necessary to
apply the encapsulation resin 14 onto the surface of the
organic EL element 4 provided on the element substrate 30.
Therefore, it is easier to control the thickness of the encapsu-
lation resin 14 between the element substrate 30 and the
sealing substrate 20.

[0079] Specifically, because the encapsulation resin 14 is
formed on the sealing substrate 20, even if the degree of the
surface roughness differs between the surfaces of the display
region D and the surrounding region in the element substrate
30, the encapsulation resin 14 having a uniform thickness can
be formed on the sealing substrate 20. The uniform thickness
of the encapsulation resin 14 allows the distance between the
element substrate 30 and the sealing substrate 20 to be uni-
form over the display region D and the surrounding region
even when the element substrate 30 and the sealing substrate
20 are attached together. Also, bumps occurring on one of the
substrates due to the surface roughness in the display region D
can be reduced or prevented. Therefore, it is possible to
reduce or prevent a local increase in the distance between the
element substrate 30 and the sealing substrate 20.

[0080] Therefore, the distance between the substrates does
not significantly differ between the display region D and the
surrounding region, and therefore, display unevenness can be
reduced or prevented.

[0081] Also, because the encapsulation resin 14 is formed
on the sealing substrate 20, it is no longer necessary to apply
the encapsulation resin 14 onto the surface of the organic EL
element 4 provided on the element substrate 30. Therefore,
application marks occurring in the display region D (i.e.,
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application marks of the resin material of the encapsulation
resin 14) can be reduced or prevented.

[0082] In the organic EL display device 1 of this embodi-
ment, as shown in FIGS. 1 and 2, the sealing member 5 and the
encapsulation resin 14 are separated apart from each other in
a plane direction X of the organic EL display device 1. In
other words, a space 16 is formed between the sealing mem-
ber 5 and a resin material 14a (i.e., the encapsulation resin 14)
in the plane direction X of the organic EL display device 1.
[0083] With such a configuration, when the element sub-
strate 30 and the sealing substrate 20 are attached together, the
sealing member 5 and the encapsulation resin 14 can be
prevented from contacting each other. Therefore, itis possible
to reduce or prevent a phenomenon (compatibilization) that
the uncured encapsulation resin 14 physically mixes with the
sealing member 5, so that the sealing member 5 is dissolved
in the uncured encapsulation resin 14.

[0084] The reduction or prevention of the compatibiliza-
tion can reduce or prevent outgassing of the unreacted mate-
rial due to the compatibilization.

[0085] Because the sealing member 5 and the encapsula-
tion resin 14 are separated apart from each other, a space 16 is
formed between the sealing member 5 and the encapsulation
resin 14. Therefore, when the element substrate 30 and the
sealing substrate 20 are attached together, then even if out-
gassing occurs in a material for the encapsulation resin 14
etc., a generated gas can efficiently escape to the space 16.
[0086] Next, an example method for manufacturing the
organic EL. display device of this embodiment will be
described. FIGS. 4-13 are diagrams for describing a method
for manufacturing the organic EL display device of the
embodiment of the present invention.

[0087] <Organic EL Element Formation Step>

[0088] Initially, as shown in FIG. 4, the first electrode 6 is
formed on the element substrate 30 which is, for example, a
glass substrate having a substrate size of 300x400 mm and a
thickness of 0.7 mm, by forming a patterned ITO film by
sputtering. In this case, the first electrode 6 has a thickness of,
for example, about 150 nm.

[0089] Next, the organic layer 7 including the light emitting
layer 11, and the second electrode 8, are formed on the first
electrode 6 by vapor deposition using a metal mask.

[0090] More specifically, initially, the element substrate 30
including the first electrode 6 is placed in achamber of a vapor
deposition apparatus. Note that the inside of the chamber of
the vapor deposition apparatus is kept at a vacuum degree of
1x107° to 1x10~* (Pa) using a vacuum pump. The element
substrate 30 including the first electrode 6 is held by a pair of
supports attached to the inside of the chamber with two edges
of the element substrate 30 being fixed to the supports.
[0091] Thereafter, vapor deposition materials for the hole
injection layer 9, the hole transport layer 10, the light emitting
layer 11, the electron transport layer 12, and the electron
injection layer 13 are successively vaporized from a vapor
deposition source to form and stack the hole injection layer 9,
the hole transport layer 10, the light emitting layer 11, the
electron transport layer 12, and the electron injection layer
13. As a result, as shown in FIG. 5, the organic layer 7 is
formed on the first electrode 6 in the pixel region.

[0092] Thereafter, as shown in FIG. 6, the second electrode
8 is formed on the organic layer 7. Thus, the organic EL
element 4 including the first electrode 6, the organic layer 7,
and the second electrode 8 is formed on the element substrate
30.
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[0093] Note that the vapor deposition source may be, for
example, a crucible containing the vapor deposition materi-
als. The crucible is placed in a lower portion inside the cham-
ber. The crucible has a heater which heats the crucible. If the
internal temperature of the crucible reaches the vaporization
temperature of each vapor deposition material by heat of the
heater, the vapor deposition material contained in the crucible
is vaporized, i.e., the vaporized molecules escape upward
from the material in the chamber.

[0094] The organic layer 7 and the second electrode 8 are
specifically formed as follows. Initially, the hole injection
layer 9 made of m-MTDATA (4,4,4-tris(3-methylphenylphe-
nylamino) triphenylamine) having a thickness of, for
example, 25 nm, which is common to all R, G, and B pixels,
is formed on the patterned first electrode 6 provided on the
element substrate 30 using a mask. Next, the hole transport
layer 10 made of o-NPD (4,4-bis(N-1-naphthyl-N-pheny-
lamino)biphenyl) having a thickness of, for example, 30 nm,
which is common to all R, G, and B pixels, is formed on the
hole injection layer 9 using a mask. Next, as the light emitting
layer 11 for a red color, a mixture of di(2-naphthyl)
anthracene (ADN) and 2,6-bis((4'-methoxydiphenylamino)
styryl)-1,5-dicyanonaphthalene (BSN) (30 wt %) having a
thickness of, for example, 30 nm is formed on the hole trans-
port layer 10 formed in the corresponding pixel regions using
a mask. Next, as the light emitting layer 11 for a green color,
amixture of ADN and coumarin 6 (5 wt %) having a thickness
of, for example, 30 nm is formed on the hole transport layer 10
formed on the corresponding pixel regions using a mask.
Next, the light emitting layer 11 as a blue color, a mixture of
ADN and 4,4"-bis(2-{4-(N,N-diphenylamino)phenyl}vinyl)
biphenyl (DPAVBIi) (2.5 wt %) having a thickness of, for
example, 30 nm is formed on the hole transport layer 10
formed on the corresponding pixel regions using mask. Next,
as the electron transport layer 12, 8-hydroxyquinolinealumi-
num (Alq3) having a thickness of, for example, 20 nm, which
is common to all R, G, and B pixels, is formed on each light
emitting layer 11 using a mask. Next, as the electron injection
layer 13, lithium fluoride (LiF) having a thickness of, for
example, 0.3 nm is formed on the electron transport layer 12
using a mask. Thereafter, as the second electrode 8, a cathode
made of magnesium silver (MgAg) having a thickness of, for
example, 10 nm is formed.

[0095] Next, as shown in FIG. 7, the protection film 15 for
protecting the organic EL element 4 is formed on a surface of
the organic EL element 4. The protection film 15 may be
formed by forming a layer made of an inorganic material,
such as SiO,, SiON, etc., on the surface of the organic EL
element 4 by vapor deposition, sputtering, chemical vapor
deposition, etc.

[0096] <Sealing Member Formation Step>

[0097] Initially, as shown in FIGS. 8 and 10, a material
described above, such as an epoxy resin etc., is applied onto
the sealing substrate 20 (e.g., a glass substrate having a sub-
strate size of 730 mmx920 mm and a thickness of 0.7 mm) by
using a dispenser, mask printing, flexography, etc. to form the
frame-like sealing member 5.

[0098] <ResinMaterial Application Step (One Drop Filling
Step)>

[0099] Next, a resin material for forming the encapsulation
resin 14 is applied to the inside of the sealing member 5
formed on the sealing substrate 20 by using a dispenser, mask
printing, one drop filling, etc. In this case, the applied resin
material is separated apart from the sealing member 5. Here,
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in this embodiment, as described above, in order to separate
the sealing member 5 and the encapsulation resin 14 apart
from each other, the resin material for forming the encapsu-
lation resin 14 is preferably applied by dropping and injecting
the resin material to the inside of the sealing member 5 so that
the sealing member 5 and the resin material formed on the
sealing substrate 20 are easily prevented from contacting each
other.

[0100] In this case, as shown in FIGS. 9 and 10, the resin
material 14a for forming the encapsulation resin 14 is
dropped and injected inside the sealing member 5 formed on
the sealing substrate 20. Note that the resin material 144 is, for
example, an ultraviolet curable resin, such as an acrylic resin,
an epoxy resin, etc., or a two-component curable resin, such
as an epoxy resin etc.

[0101] Theresin material 14a is dropped by, for example, a
dropping apparatus which has a function of dropping the resin
material 14a dropping the resin material 14a while moving
over the entire substrate surface. In order to reliably prevent
the resin material 14a from contacting the sealing member 5,
the resin material 14a should not be dropped from the vicinity
of the sealing member 5.

[0102] Also, the viscosity of the resin material 14a is pref-
erably adjusted before the dropping in order to prevent the
sealing member 5 and the encapsulation resin 14 from con-
tacting each other so that the sealing member 5 and the encap-
sulation resin 14 are reliably separated apart from each other.
More specifically, for example, by increasing the viscosity of
the resin material 14a to be dropped, spreading of the dropped
resin material 14a on the surface of the sealing substrate 20
inside the sealing member 5 may be reduced or prevented.
Alternatively, by decreasing the viscosity of the resin material
14a to be dropped, the resin material 144 may be dropped and
concentrated to the vicinity of a center portion of the sealing
substrate 20 inside the sealing member 5.

[0103] Forexample, when a distance E between the sealing
member 5 and the encapsulation resin 14 in the plane direc-
tion X of the organic EL display device 1 is set to 0.1 mm or
more, the resin material 14a of 10-20 Pa-s is used. When the
viscosity is set to such values, although the resin material 14a
dropped on the plane of the sealing substrate 20 spreads over
a certain distance until the resin material 14a is cured (pro-
cessing time: e.g., two hours), the sealing member 5 and the
encapsulation resin 14 are prevented from contacting each
other, so that the sealing member 5 and the encapsulation
resin 14 can be reliably separated apart from each other.
[0104] <Two-substrate Structure Formation Step>

[0105] Next, in a vacuum atmosphere, the sealing substrate
20 on which the sealing member 5 has been formed, and the
element substrate 30 on which the organic EL element 4 has
been formed, are attached together. Specifically, the sealing
substrate 20 is put on the element substrate 30 with the resin
material 14a being located directly above the organic EL
element 4. As shown in FIG. 11, a surface 5a of the sealing
member 5 formed on the sealing substrate 20 is put on the
element substrate 30.

[0106] Next,as shown in FIG. 12, in a vacuum atmosphere,
the hermetic (vacuum) state of the inside of the sealing mem-
ber 5 is maintained under a predetermined condition (e.g.,
under a pressure of 100 Pa or less). Thereafter, while the
hermetic (vacuum) state is maintained, nitrogen leakage is
performed and purging is performed to atmospheric pressure.
Thus, by applying a differential pressure, the element sub-
strate 30 and the sealing substrate 20 are attached together via
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the sealing member 5 to form a two-substrate structure in
which the element substrate 30 and the sealing substrate 20
are attached together. Note that, when the element substrate
30 and the sealing substrate 20 are attached together, the
dropped and injected resin material 14a is uniformly spread
inside the sealing member 5 by applying a pressure, and as
shown in FIG. 12, a space 16 is formed between the sealing
member 5 and the resin material 14a in the plane direction of
the organic EL display device 1.

[0107] <Resin Curing Step>

[0108] Next, as shown in FIG. 13, the two-substrate struc-
ture is irradiated with ultraviolet light (indicated by arrows in
FIG. 13) through the sealing substrate 20 to cure the uni-
formly spread resin material 14a to form the encapsulation
resin 14 on the sealing substrate 20, and to cure the resin
included in the sealing member 5. In this case, the sealing
member 5 and the encapsulation resin 14 are separated apart
from each other in the plane direction X of the organic EL.
display device 1.

[0109] Note that the irradiation with ultraviolet light is
preferably 0.5-10 J, more preferably 1-6 J. After the irradia-
tion with ultraviolet light, heating is performed in the atmo-
sphere (at 70° C. to 120° C., both inclusive, for 10 minutes to
2 hours, both inclusive) in order to accelerate curing of the
resin. By this heating process, the sealing member 5 and the
encapsulation resin 14 thermally contract, and therefore, the
space 16 is reliably formed between the sealing member 5 and
the resin material 14a, and the sealing member 5 and the
encapsulation resin 14 are reliably separated apart from each
other.

[0110] The sealing member 5 and the encapsulation resin
14 are preferably separated apart from each other so that a
relationship 0.5 L+0.1 T=E=50T is established, where T is
the thickness of the encapsulation resin 14, E is the distance
between the sealing member 5 and the encapsulation resin 14
in the plane direction X of the organic EL display device 1,
and L is a width of the sealing member 5. This is because
when 0.5 L+0.1 T>E, the space 16 formed between the seal-
ing member 5 and the encapsulation resin 14 decreases, and
therefore, when the element substrate 30 and the sealing
substrate 20 are attached together, it may difficult to prevent
the compatibilization, and it is also difficult to allow a gas
outgassed from the material for the encapsulation resin 14 etc.
to efficiently escape to the space 16. When 50 T<E, the space
16 formed between the sealing member 5 and the encapsula-
tion resin 14 increases, and therefore, it may be difficult to
reduce the size of the organic EL display device.

[0111] Therefore, for example, when the width L of the
sealing member 5 and the thickness T of the encapsulation
resin 14 are set to 1000 um and 20 um, respectively, the
distance E between the sealing member 5 and the encapsula-
tionresin 14 in the plane direction X of the organic EL display
device 1 is preferably set to be in a range of 502 pm to 1000
um, both inclusive.

[0112] According to this embodiment described above, the
following advantages can be obtained.

[0113] (1) Inthis embodiment, the encapsulation resin 14 is
formed on the sealing substrate 20. Therefore, unlike the
aforementioned conventional technique, it is no longer nec-
essary to apply the encapsulation resin 14 onto the surface of
the element substrate 30, and therefore, it is easier to control
the thickness of the encapsulation resin 14 between the ele-
ment substrate 30 and the sealing substrate 20. As a result, a
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reduction in the display performance of the organic EL dis-
play device 1 can be reduced or prevented.

[0114] (2) Because the encapsulation resin 14 is formed on
the sealing substrate 20, it is no longer necessary to apply the
encapsulation resin 14 onto the surface of the organic EL
element 4 provided on the element substrate 30. Therefore,
application marks occurring in the display region D can be
reduced or prevented, and therefore, a degradation in the
display quality of the organic EL display device 1 caused by
the application marks can be reduced or prevented.

[0115] (3) The sealing member 5 and the encapsulation
resin 14 are separated apart from each other in the plane
direction X of the organic EL display device 1. Therefore,
when the element substrate 30 and the sealing substrate 20 are
attached together, the sealing member 5 and the encapsula-
tion resin 14 can be prevented from contacting each other.
Therefore, it is possible to reduce or prevent the phenomenon
(compatibilization) that the uncured encapsulation resin 14
physically mixes with the sealing member 5, so that the seal-
ing member 5 is dissolved in the uncured encapsulation resin
14. The reduction or prevention of the compatibilization can
reduce or prevent outgassing of the unreacted material due to
the compatibilization.

[0116] (4) The sealing member 5 and the encapsulation
resin 14 are separated apart from each other in the plane
direction X of the organic EL display device 1. Therefore,
when the element substrate 30 and the sealing substrate 20 are
attached together, the sealing member 5 and the encapsula-
tion resin 14 can be prevented from contacting each other.
Therefore, the encapsulation resin 14 can be prevented from
overlapping the sealing member 5, i.e., the encapsulation
resin 14 is prevented from being interposed between the ele-
ment substrate 30 and the sealing member 5. As a result, a
reduction in tightness between the sealing substrate 20 and
the element substrate 30 can be reduced or prevented,
whereby water and oxygen flowing in from the outside can be
reduced or prevented, whereby damage to the organic EL
element 4 can be reduced or avoided, and therefore, a degra-
dation in the display quality of the organic EL display device
1 can be reduced or prevented.

[0117] (5) Because the sealing member S and the encapsu-
lation resin 14 are separated apart from each other, the space
16 is formed between the sealing member 5 and the encapsu-
lation resin 14. Therefore, when the element substrate 30 and
the sealing substrate 20 are attached together, even if outgas-
sing occurs in the material for the encapsulation resin 14 etc.,
a generated gas can efficiently escape to the space 16. As a
result, it is possible to solve the problem that the outgassing
excessively increases the pressure of the inside of the organic
EL display device 1, so that damage occurs at an interface
between the encapsulation resin 14 and the sealing member 5.
[0118] (6) Inthis embodiment, the thickness T ofthe encap-
sulation resin 14, the distance E between the sealing member
5 and the encapsulation resin 14, and the width L of the
sealing member have the relationship 0.5 L+0.1 TSE=50T.
Therefore, the compatibilization can be reduced or prevented
without raising the problem that the size of the organic EL
display device 1 increases, whereby an increase in the internal
pressure of the organic EL display device 1 due to outgas sing
can be reduced or prevented.

[0119] (7) In this embodiment, the thickness of the encap-
sulation resin 14 is set to be in arange of 1 pm to 100 pm, both
inclusive. Therefore, a sufficient level of durability of the
organic EL element 4 can be ensured.
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[0120] (8) Inthis embodiment, the encapsulation resin 14 is
formed of an ultraviolet curable resin. Therefore, the number
of steps of producing the encapsulation resin 14 can be
reduced and therefore the encapsulation resin 14 can be more
easily formed.

[0121] (9) Inthis embodiment, the encapsulation resin 14 is
formed of an acrylic resin or an epoxy resin. Therefore, the
encapsulation resin 14 can be formed of a low-cost and ver-
satile resin material.

[0122] Note that the above embodiment may be modified as
follows.

[0123] As shown in FIG. 14, a light blocking member 35
having a capability of transmitting visible light and a capa-
bility of blocking ultraviolet light may be provided on a
surface of the organic EL element 4 on an organic EL display
device 70 (i.e., a surface of the second electrode 8 of the
organic EL element 4). With such a configuration, in the resin
curing step, when the encapsulation resin 14 and the sealing
member 5 are formed by irradiation with ultraviolet light
through the sealing substrate 20, ultraviolet light entering the
organic EL element 4 can be reliably reduced or prevented. As
a result, a degradation in the organic EL element 4 caused by
irradiation with ultraviolet light (i.e., each functional layer
included in the organic layer 7 is chemically changed so that
the functional layer fails to exhibit its original function) can
be reduced or prevented. Also, the light blocking member 35
has a capability of transmitting visible light, and therefore,
light emitted from the organic EL element 4 can be extracted
through the sealing substrate 20. Therefore, the organic EL
display device 1 is applicable to any of the following types:
bottom emission type, in which light is extracted through the
element substrate 30; top emission type, in which light is
extracted through the sealing substrate 20; and double-sided
emission type, in which light is extracted through both the
element substrate 30 and the sealing substrate 20.

[0124] The light blocking member 35 is not particularly
limited, and may be, for example, a film made of a material
having a capability of absorbing ultraviolet light, a film
coated with a coating agent containing an ultraviolet light
absorbent, etc. Alternatively, the light blocking member 35
may be provided by forming directly on the surface of the
second electrode 8 a coating film made of a coating agent
containing an ultraviolet light absorbent. Alternatively, the
light blocking member 35 may be provided by forming
directly on the surface of the second electrode 8 a vapor
deposition film by depositing an ultraviolet light absorbent
using vapor deposition etc.

[0125] A material forthe film having a capability of absorb-
ing ultraviolet light may be, for example, a material including
a resin binder and an ultraviolet light absorbent contained in
the resin binder. Examples of the ultraviolet light absorbent
include inorganic ultraviolet light absorbents, such as ultra
small particles made of zinc oxide, titanium oxide, etc., and
organic ultraviolet light absorbents, such as benzotriazoles,
triazines, benzophenones, etc.

[0126] The coating agent containing an ultraviolet light
absorbent may be, for example, a mixture of acrylic emulsion
or a coating solution containing low molecular-weight ther-
mosetting urethane acrylate and a catalyst etc., and an ultra-
violet light absorbent, which is prepared by wet dispersion.
[0127] Note that the light blocking member 35 preferably
has an ultraviolet light blocking rate of 90% or more, more
preferably 95% or more, and even more preferably 98% or
more. This is because if the ultraviolet light blocking rate is
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less than 90%, it is difficult to impart a sufficient ultraviolet
light blocking function to the light blocking member 35, so
that the function of each functional layer included in the
organic layer 7 may be degraded.

[0128] The light blocking member 35 may be formed as
follows. In the organic EL element formation step, after the
second electrode 8 may be formed, a benzotriazole derivative
layer may be formed on the second electrode 8 by, for
example, vacuum vapor deposition. Note that the vapor depo-
sition rate may be 0.5 A/s, and the thickness may be adjusted
so that the ultraviolet light blocking rate is 95% or more.

INDUSTRIAL APPLICABILITY

[0129] As described above, the present invention is useful
for an organic EL display device including an organic EL
element, and a method for manufacturing the organic EL
display device.

DESCRIPTION OF REFERENCE CHARACTERS

[0130] 1 ORGANIC EL DISPLAY DEVICE

[0131] 4 ORGANIC EL ELEMENT

[0132] 5 SEALING MEMBER

[0133] 6 FIRST ELECTRODE

[0134] 7 ORGANIC LAYER

[0135] 8 SECOND ELECTRODE

[0136] 14 ENCAPSULATION RESIN

[0137] 15 PROTECTION FILM

[0138] 17 SPACER

[0139] 20 SEALING SUBSTRATE (SECOND SUB-
STRATE)

[0140] 30 ELEMENT SUBSTRATE (FIRST SUB-
STRATE)

[0141] 35 LIGHT BLOCKING MEMBER

[0142] 70 ORGANIC EL DISPLAY DEVICE

[0143] E DISTANCE BETWEEN SEALING MEMBER

AND ENCAPSULATION RESIN
[0144] T THICKNESS OF ENCAPSULATION RESIN
[0145] X PLANE DIRECTION OF ORGANIC EL DIS-
PLAY DEVICE

1. An organic EL display device comprising:

a first substrate;

a second substrate facing the first substrate;

an organic EL. element formed on the first substrate and
provided between the first substrate and the second sub-
strate;

a sealing member provided between the first substrate and
the second substrate, and configured to attach the first
substrate and the second substrate together to seal the
organic EL element; and

an encapsulation resin formed on the second substrate,
provided between the first substrate and the second sub-
strate, and configured to cover a surface of the organic
EL element, wherein

the sealing member and the encapsulation resin are sepa-
rated apart from each other in a plane direction of the
organic EL display device.

2. The organic EL display device of claim 1, wherein

a relationship 0.5 L+0.1 TSE=50T is established, where
T is a thickness of the encapsulation resin, E is a distance
between the sealing member and the encapsulation resin
in the plane direction, and L is a width of the sealing
member.
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3. The organic EL display device of claim 1, wherein

the thickness ofthe encapsulation resinis in arange of 1 pm
to 100 pm, both inclusive.

4. The organic EL display device of claim 1, wherein

the encapsulation resin is formed of an ultraviolet curable
resin.

5. The organic EL display device of claim 1, wherein

the encapsulation resin is formed of an acrylic resin or an
epoxy resin.

6. The organic EL display device of claim 1, wherein

a light blocking member having a capability of transmit-
ting visible light and a capability of blocking ultraviolet
light is provided on a surface of the organic EL element.

7. A method for manufacturing an organic EL display

device, comprising at least:

an organic EL element formation step of forming an
organic EL element on a first substrate;

a sealing member formation step of forming a frame-like
sealing member on a second substrate;

a resin material application step of applying a resin mate-
rial for forming an encapsulation resin to an inside of the
sealing member formed on the second substrate, where
the resin material is separated apart from the sealing
member;

Mar. 22, 2012

a two-substrate structure formation step of attaching the
first substrate and the second substrate together with the
sealing member being interposed therebetween, in a
vacuum atmosphere, and allowing the resin material to
uniformly spread inside the sealing member; and

a resin curing step of curing the resin material to form the
encapsulation resin on the second substrate, and curing
the resin for forming the sealing member, where the
sealing member and the encapsulation resin are sepa-
rated apart from each other in the plane direction of
organic EL display device.

8. The method of claim 7, wherein

in the resin curing step, the sealing member and the encap-
sulation resin are separated apart from each other so that
a relationship 0.5 L+0.1 T=E=50 T is established,
where T is a thickness of the encapsulation resin, E is a
distance between the sealing member and the encapsu-
lation resin in the plane direction, and L is a width of the
sealing member.

9. The method of claim 7, wherein

in the resin material application step, the resin material is
dropped and injected inside the sealing member.

10. The method of claim 7, wherein

in the resin curing step, heating is performed.

* * * #* ok
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