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(57) ABSTRACT

An organic EL display device (1) includes an element sub-
strate (30), a sealing substrate (20) facing the element sub-
strate (30), anorganic EL element (4) provided on the element
substrate (30) and between the element substrate (30) and the
sealing substrate (20), a first sealing member (5) made of
fritted glass and provided between the element substrate (30)
and the sealing substrate (20), and configured to weld the
element substrate (30) and the sealing substrate (20) to seal
the organic EL element (4), a resin member (14) provided
between the sealing substrate (20) and the organic EL element
(4) and configured to cover a surface of the organic EL ele-
ment (4), and a second sealing member (16) formed of a resin
and provided between the element substrate (30) and the
sealing substrate (20).
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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 layer can be damaged by water,
and therefore, needs to be shut off from water contained in
ambient air. Therefore, conventionally, a technique has been
proposed in which the organic layer is sealed between the first
substrate on which the organic layer is formed and the second
substrate facing the first substrate so that the organic layer is
shut off from water. More specifically, an organic EL display
device has been proposed in which the first and second sub-
strates are bonded together using a resinous adhesive material
to seal the organic layer.

[0005] However, in this organic EL display device, the
adhesive material is made of a resin and therefore transmits
water contained in ambient air, and therefore, it is difficult to
completely shut out water. The adhesive material made of a
resin transmits oxygen contained in ambient air as well.
Therefore, the second electrode formed on the organic layer is
oxidized, so that the performance of the second electrode is
disadvantageously lowered.

[0006] Therefore, an organic EL display device has been
proposed which employs a sealing member made of fritted
glass (low-melting-point glass) instead of the adhesive mate-
rial made of a resin. If the sealing member made of fritted
glass is used to seal the organic layer, the organic layer can be
shut off from water and oxygen better than when the adhesive
material made of a resin is used, so that the sealing perfor-
mance of the sealing member is improved.

[0007] However, the sealing member is formed along the
circumference of the organic layer, and therefore, a space is
formed inside the sealing member (i.e., between the organic
layer formed on the first substrate, and the second substrate).
Therefore, in particular, in the case of a large-size organic EL
display device employing glass substrates as the first and
second substrates, the glass substrates are warped in the space
by their own heavy weight, so that the first and second sub-
strates contact each other, and therefore, the mechanical
strength of the organic EL display device is disadvanta-
geously lowered.
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[0008] Therefore, a technique has been described to
improve the mechanical strength of the organic EL display
device employing a sealing member made of fitted glass.
More specifically, a resin member made of a urethane acrylic
resin is provided in the space formed between the organic
layer formed on the first substrate, and the second substrate.
The resin member is formed in the following manner: the
urethane acrylic resin is injected inside the sealing member
made of fritted glass formed along the circumference of the
organic layer, and thereafter, the urethane acrylic resin is
cured by irradiation with light or heating, thereby forming a
film-like resin member (see, for example, PATENT DOCU-
MENT 1).

CITATION LIST

Patent Document

[0009] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. 2007-115692
SUMMARY OF THE INVENTION
Technical Problem

[0010] In the structure of PATENT DOCUMENT 1, how-
ever, as described above, a resin material is injected inside the
sealing member, and thereafter, the resin material is cured by
irradiation with light or heating, thereby forming a film-like
resin member. Therefore, there is the following drawback.
Specifically, the film-like resin member has a large thickness
(30 um or more). Therefore, the volume of the resin member
is large in a large-size organic EL display device, resulting in
a disadvantageous increase in cost. Also, in order to ensure
sealing performance, the thickness of the sealing member
made of fritted glass needs to be set to be larger than or equal
to the thickness of the resin member. However, as the thick-
ness of the resin member is increased, it is invariably neces-
sary to increase the thickness of the sealing member as well.
As aresult, for example, when laser is used to melt the sealing
member made of fritted glass to weld the first and second
substrates, a large amount of heating energy is required,
resulting in a disadvantageous increase in cost. Also, if the
thickness of the resin member is larger than the thickness of
the sealing member, a gap occurs between the sealing mem-
ber and the first or second substrate, so that the sealing mem-
ber does not completely shuts out water and oxygen contained
in ambient air, and therefore, the sealing performance of the
sealing member is disadvantageously reduced.

[0011] 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 in which
the thickness of the resin member can be decreased to reduce
cost, and a degradation in the sealing performance of the
sealing member can be reduced or prevented, and a method
for manufacturing the organic EL display device.

Solution to the Problem

[0012] 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 first sealing member
formed of fritted glass and provided between the first sub-
strate and the second substrate, and configured to weld the
first substrate and the second substrate to seal the organic EL
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element, a resin member provided between the second sub-
strate and the organic EL element and configured to cover a
surface of the organic EL element, and a second sealing
member made of a resin and provided between the first sub-
strate and the second substrate.

[0013] With this configuration, the second sealing member
formed of a resin is provided between the first substrate and
the second substrate. Therefore, the second sealing member
formed of a resin, which is flexible, functions as a pressure
wall for maintaining the vacuum state of the inside of the
attached substrates (i.e., the first substrate and the second
substrate), and therefore, the resin member can be formed
using the one drop filling technique. As a result, the resin
member having a small thickness can be formed. The thinner
resin member can reduce the amount of a resin material used
to form the resin member even in a large-size organic EL
display device. As a result, an increase in cost can be reduced.
[0014] Because the thickness of the resin member is
reduced, the thickness of the first sealing member made of
fritted glass can also be reduced. As a result, the heating
energy which is required when a laser is used to perform
welding using the first sealing member made of fritted glass
can be reduced. As aresult, an increase in cost can be reduced.
[0015] The thickness of the resin member can be prevented
from being greater than the thickness of the first sealing
member. Therefore, for example, when the first sealing mem-
ber is formed on the second substrate, a gap can be prevented
from occurring between the first sealing member and the first
substrate. Therefore, the first sealing member can reliably
shut out water and oxygen contained in ambient air, and
therefore, the reduction in the sealing performance of the first
sealing member can be reliably reduced or prevented.

[0016] Because the resin member is formed using the one
drop filling technique, the positioning accuracy can be
improved when the resin member is formed. Therefore, the
production step of the resin member can be simplified,
whereby the productivity of the organic EL display device can
be improved and therefore the yield can be increased.
[0017] In the organic EL display device of the present
invention, the second sealing member may contain a spacer
configured to regulate a thickness of the resin member.
[0018] With this configuration, the second sealing member
contains a spacer for regulating the thickness of the resin
member. Therefore, even when the resin member is formed
using the one drop filling technique, the thickness of the resin
member can be accurately regulated.

[0019] In the organic EL display device of the present
invention, a relationship H,ZD, may be established, where
H, is aheight ofthe first sealing member, and D, is a diameter
of the spacer.

[0020] With this configuration, if the first sealing member
is provided on the second substrate, then when the first sub-
strate and the second substrate are attached together via the
first sealing member, the first sealing member and the second
substrate are allowed to reliably contact each other, whereby
a gap can be reliably prevented from occurring between the
first sealing member and the second substrate.

[0021] In the organic EL display device of the present
invention, the second sealing member may be provided inside
the first sealing member in a plane direction of the organic EL
display device.

[0022] With this configuration, the second sealing member
is provided inside the first sealing member in the plane direc-
tion of the organic EL display device. Therefore, the second
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sealing member can separate the resin member apart from the
first sealing member, whereby heat transfer to the organic EL
element can be reduced when the first sealing member is
heated to weld the first substrate and the second substrate.
Also, it is possible to reduce or prevent alteration of the resin
member which is caused by heat when the first sealing mem-
ber is melted.

[0023] In the organic EL display device of the present
invention, the second sealing member may be provided out-
side the first sealing member in a plane direction of the
organic EL display device.

[0024] With this configuration, the second sealing member
is provided outside the first sealing member in the plane
direction of the organic EL display device. Therefore, when
the second sealing member is formed after the first sealing
member is formed, the second sealing member is more easily
formed.

[0025] In the organic EL display device of the present
invention, the first sealing member and the second sealing
member may be separated apart from each other in a plane
direction of the organic EL display device.

[0026] With this configuration, the first sealing member
and the second sealing member are separated apart from each
other in the plane direction of the organic EL display device.
Therefore, transfer to the second sealing member of heat
occurring when the first substrate and the second substrate are
welded by heating the first sealing member made of fritted
glass can be reduced or prevented. As a result, alteration of the
second sealing member formed of a resin due to heat can be
reduced or prevented.

[0027] In the organic EL display device of the present
invention, the resin may be an acrylic resin or an epoxy resin.
[0028] With this configuration, the second sealing member
can be formed of a low-cost and versatile resin material.
[0029] 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.

[0030] With this configuration, for example, when the resin
member and the second sealing member are formed by curing
by irradiation with ultraviolet light, ultraviolet light entering
the organic EL element can be reliably reduced or prevented.
Asaresult, 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.

[0031] In the organic EL display device of the present
invention, the resin member having a small thickness can be
formed. Therefore, even in a large-size organic EL display
device, the amount of a resin material for the resin member
can be reduced. As aresult, an increase in cost can be reduced
or prevented, which is an excellent property. Therefore, the
present invention is preferably used in an organic EL display
device including the resin member having a thickness in a
range of 3 um to 20 pm, both inclusive.

[0032] A method for manufacturing an organic EL display
device according to the present invention includes at least an
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organic EL element formation step of forming an organic EL
element on a first substrate, a first sealing member formation
step of forming a frame-like first sealing member made of
fritted glass on a second substrate, a second sealing member
formation step of forming a frame-like second sealing mem-
ber made of a resin on the second substrate on which the first
sealing member has been formed, a one drop filling step of
dropping and injecting a resin material for forming a resin
member inside the second sealing member formed on the
second substrate, a two-substrate structure formation step of
attaching the first substrate and the second substrate together
with the first sealing member and the second sealing member
being interposed therebetween, in a vacuum atmosphere, and
allowing the resin material to uniformly spread inside the
second sealing member, a resin curing step of curing the resin
material to form the resin member and curing the resin
included in the second sealing member, a welding step of
heating the first sealing member made of fritted glass to weld
the first substrate and the second substrate using the first
sealing member.

[0033] With this configuration, the second sealing member
formed of a resin is provided between the first substrate and
the second substrate. Therefore, the second sealing member
formed of a resin, which is flexible, functions as a pressure
wall for maintaining the vacuum state of the inside of the
attached substrates (i.e., the first substrate and the second
substrate), whereby the vacuum state of the inside of the
attached substrates in which the dropped and injected resin
material which will form the resin member is present can be
maintained. Therefore, even if a resin material, which has a
high viscosity, is dropped and injected, the dropped and
injected resin material can be spread by applying pressure
when the first substrate and the second substrate are attached
together in a vacuum atmosphere. As a result, the resin mem-
ber having a small thickness can be formed. The thinner resin
member can reduce the amount of a resin material used to
form the resin member even in a large-size organic EL display
device. As a result, an increase in cost can be reduced.
[0034] Because the thickness of the resin member is
reduced, the thickness of the first sealing member made of
fritted glass can also be reduced. As a result, the heating
energy which is required when a laser is used to perform
welding using the first sealing member made of fritted glass
can bereduced. As aresult, an increase in cost can be reduced.
[0035] Because the thickness of the resin member can be
prevented from being greater than the thickness of the first
sealing member, a gap can be prevented from occurring
between the first sealing member and the first substrate.
Therefore, the first sealing member can reliably shut out
water and oxygen contained in ambient air, and therefore, the
reduction in the sealing performance of the first sealing mem-
ber can be reliably reduced or prevented.

[0036] Because the resin member is formed using the one
drop filling technique, the positioning accuracy can be
improved when the resin member is formed. Therefore, the
production step of the resin member can be simplified,
whereby the productivity of the organic EL display device can
be improved and therefore the yield can be increased.
[0037] In the organic EL display device manufacturing
method of the present invention, in the welding step, only a
portion in awidth direction of the first sealing member may be
heated.

[0038] With this configuration, the first sealing memberhas
a region which is not heated, and therefore, the heat capacity
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of the first sealing member is increased, whereby an increase
in temperature of the inner portion of the first sealing member
can be reduced or avoided. Therefore, for example, when a
laser is used to perform welding using the first sealing mem-
ber made of fritted glass, physical transfer to the organic EL
element of the temperature increase of the first sealing mem-
ber caused by irradiation with laser light can be effectively
reduced or prevented. As a result, damage to the organic EL
element caused by heat transfer can be reduced.

Advantages of the Invention

[0039] According to the present invention, an increase in
cost can be reduced or prevented, and a reduction in sealing
performance of the first sealing member can be reliably
reduced or prevented. Also, the productivity of the organic EL
display device can be increased and therefore the yield can be
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1isaplan view of an organic EL display device
according to a first embodiment of the present invention.

[0041] FIG. 2isacross-sectional view taken along line A-A
of FIG. 1.
[0042] FIG. 3 is a cross-sectional view for describing an

organic layer included in an organic EL element provided in
organic EL display devices of embodiments of the present
invention.

[0043] FIG. 4 is a diagram for describing a method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0044] FIG. 5 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0045] FIG. 6 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0046] FIG. 7 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0047] FIG. 8 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0048] FIG. 9 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0049] FIG. 10 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0050] FIG. 11 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0051] FIG. 12 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0052] FIG. 13 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0053] FIG. 14 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.

[0054] FIG. 15 is a diagram for describing the method for
manufacturing the organic EL display device of the first
embodiment of the present invention.
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[0055] FIG.16is adiagram for describing a welding step in
the method for manufacturing the organic EL display device
of the first embodiment of the present invention.

[0056] FIG.17 is adiagram for describing characteristics of
the organic EL element with respect to the irradiation width of
laser light.

[0057] FIG. 18 is a plan view of an organic EL display
device according to a second embodiment of the present
invention.

[0058] FIG. 19 is a cross-sectional view taken along line
B-B of FIG. 18.
[0059] FIG. 20 is a plan view of an organic EL display

device according to a third embodiment of the present inven-
tion.

[0060] FIG. 21 is a cross-sectional view taken along line
C-C of FIG. 20.
[0061] FIG. 22 is a cross-sectional view for describing a

variation of the organic EL display device of the present
invention.

[0062] FIG. 23 is a cross-sectional view for describing
another variation of the organic EL display device of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0063] Embodiments 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.

First Embodiment

[0064] FIG.1isaplanview of an organic EL display device
according to a first 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 organic
EL display devices of the embodiments of the present inven-
tion.

[0065] 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 first sealing member 5
which is used to join (or join by melting (also referred to as
“weld”)) the element substrate 30 and the sealing substrate 20
together to seal the organic EL element 4. The first 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.

[0066] The element substrate 30 and the sealing substrate
20 are formed of, for example, an insulating material, such as
glass, plastic, etc.

[0067] 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.
[0068] 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
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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.

[0069] 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
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.

[0070] The hole injection layer 9 is used to enhance the
efficiency ofinjection of holes into the light emitting layer11.
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.
[0071] 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.

[0072] 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 ditoluoylvinyl-
biphenyl.

[0073] 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.

[0074] 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.
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[0075] 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, AlMg, etc.), metallic
calcium, a metal having a low work function, etc.

[0076] The first sealing member 5 is made of fritted glass
(low-melting-point glass) and has a function of shutting out
water and oxygen contained in ambient air. For example,
fritted glass may be prepared using a fine powder obtained by
pulverizing mixed glass made of oxides, such as Si0, (silicon
oxide), B,O; (boron oxide), Al,O, (aluminum oxide), V,O;
(vanadium oxide), CuO (copper oxide), etc.

[0077] As shownin FIG. 2, the organic EL display device 1
includes a resin member 14 made of a resin. The resin mem-
ber 14 is used to improve the mechanical strength of the
organic EL display device 1 employing the first sealing mem-
ber 5 made of fritted glass. Examples of the resin forming the
resin member 14 includes ultraviolet curable resins and ther-
mosetting resins, such as acrylic resins, epoxy resins, etc.
[0078] Note that, in this embodiment, as shown in FIG. 2, a
protection film 15 which prevents the organic EL element 4
and the resin member 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 inor-
ganic material, such as Si0O,, SiON, etc.

[0079] Here, in the organic EL display device of this
embodiment, as shown in FIG. 2, a second sealing member 16
formed of a resin is provided between the element substrate
30 and the sealing substrate 20.

[0080] As shown in FIG. 1, the second sealing member 16
is formed in the shape of a frame extending along the circum-
ference of'the organic EL element 4, similar to the first sealing
member 5 formed of fritted glass. Also, as shown in FIGS. 1
and 2, in this embodiment, the second sealing member 16 is
provided inside the first sealing member 5 in a plane direction
X of the organic EL display device 1 (i.e., a direction indi-
cated by an arrow X in FIGS. 1 and 2 which is a direction
perpendicular to a thickness direction Y of the organic EL
display device 1). More specifically, the second sealing mem-
ber 16 is provided between the organic EL element 4 (or the
resin member 14) and the first sealing member 5 in the plane
direction X of the organic EL display device 1 (i.e., on a side
closerto the organic EL element 4 (or the resin member 14) of
the first sealing member 5 in the plane direction X).

[0081] The second sealing member 16 is not particularly
limited and may be formed of a low-cost and versatile resin
material, such as an epoxy resin, an acrylic resin, etc. Note
that, of these resins, an acrylic resin is preferably used
because the second sealing member 16 can be formed atlower
cost.

[0082] The second sealing member 16 contains a spacer 17
which regulates a thickness of the resin member 14 (see FIG.
2). The spacer 17 is formed of, for example, Si0, (silicon
oxide).

[0083] By providing the second sealing member 16 formed
ofaresin, the resinmember 14 can be formed using a one drop
filling technique, which is employed as a technique of inject-
ing a liquid crystal material.

[0084] Typically, for liquid crystal display panels, a liquid
crystal material is injected into a gap between a pair of sub-
strates by the following techniques: vacuum injection; and
one drop filling. Of these techniques, in the one drop filling
technique, for example, a frame-like sealing member is
formed along a circumference of a TFT substrate, and in a
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vacuum atmosphere, a liquid crystal material is dropped onto
the TFT substrate within the frame of the sealing member, and
the TFT substrate having the dropped liquid crystal material
and a CF substrate are attached together. Next, the substrates
are returned to the atmosphere, so that the liquid crystal
material between the TFT substrate and the CF substrate
attached together is allowed to spread by atmospheric pres-
sure. Thereafter, the sealing member is irradiated with ultra-
violet light to be cured. Thus, a liquid crystal display panel is
manufactured.

[0085] Compared to the vacuum injection technique, which
has been conventionally widely used, the one drop filling
technique can reduce the thickness of the liquid crystal layer,
and therefore, significantly reduce the amount of the liquid
crystal material, and in addition, can reduce the time required
to inject the liquid crystal material. Therefore, the manufac-
turing cost of the liquid crystal display panel can be reduced,
and the productivity can be improved.

[0086] Here, in the one drop filling technique for liquid
crystal materials, a liquid crystal material, which is a low
viscosity material, is dropped and injected. In the one drop
filling technique for the resin material for the resin member 14
in this embodiment, the resin material having a higher vis-
cosity than that of liquid crystal materials is dropped and
injected, and therefore, when the element substrate 30 and the
sealing substrate 20 are attached together in a vacuum atmo-
sphere, the dropped and injected resin material is not spread
unless pressure is applied, which is a problem.

[0087] Therefore, while the element substrate 30 and the
sealing substrate 20 are attached together via the first sealing
member 5, it is necessary to maintain the vacuum state of the
inside of the attached substrates in which the resin material is
sealed by the first sealing member 5. However, the first seal-
ing member 5 is formed by heating and baking after a paste
material obtained by adding fritted glass into an organic sol-
vent is applied thereto. Therefore, when the element substrate
30 and the sealing substrate 20 are attached together, the
organic solvent has been completely removed. Therefore, the
first sealing member 5 is lack of flexibility, and therefore, the
first sealing member 5 cannot be used as a pressure wall for
maintaining the vacuum state of the inside of the attached
substrates.

[0088] Therefore, as described above, the second sealing
member 16 formed of aresin is provided between the element
substrate 30 and the sealing substrate 20. With this configu-
ration, the second sealing member 16 formed of a resin, which
is flexible, functions as a pressure wall for maintaining the
vacuum state of the inside of the attached substrates, whereby
the vacuum state of the inside of the attached substrates in
which the dropped and injected resin material which will
form the resin member 14 is present can be maintained.
Therefore, even if a resin material, which has a higher vis-
cosity than that of liquid crystal materials, is dropped and
injected, the dropped and injected resin material can be
spread by applying pressure when the element substrate 30
and the sealing substrate 20 are attached together in a vacuum
atmosphere.

[0089] Thus, by providing the second sealing member 16
formed of a resin, the resin member 14 formed of a resin can
be formed using the one drop filling technique.

[0090] In this case, the resin member 14 having a small
thickness T (see FIG. 2) (e.g., in a range of 3 pm to 20 pm,
both inclusive) can be formed, i.e., the thickness of the resin
member 14 can be reduced. Therefore, even in a large-size
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organic EL display device (e.g., the width is 265 mm or more,
the length is 200 mm or more, and the thickness 1s in a range
of 0.3 mm to 0.7 mm, both inclusive), the amount of a resin
material for the resin member 14 can be reduced. As a result,
an increase in cost can be reduced or prevented.

[0091] Note that the thickness T of the resin member 14 is
preferably in a range of 5 pm to 15 pm, both inclusive, more
preferably in a range of 6 um to 8 wm, both inclusive.

[0092] Because the thickness of the resin member 14 is
reduced, the thickness of the first sealing member 5 made of
fritted glass can also be reduced. For example, when the
thickness T of the resin member 14 is in a range of 3 pm to 20
pm, both inclusive, the thickness of the first sealing member
5 can be set to be in a range of 3 um to 20 pm, both inclusive.
As a result, for example, when a laser is used to melt the first
sealing member 5 made of fritted glass to weld the element
substrate 30 and the sealing substrate 20, the thermal energy
canbereduced. As aresult, an increase in cost can be reduced
or prevented.

[0093] The thickness of the resin member 14 can be pre-
vented from exceeding the thickness of the first sealing mem-
ber 5, whereby a gap between the first sealing member 5 and
the element substrate 30 can be reduced or prevented. There-
fore, the first sealing member 5 can reliably shut out water and
oxygen contained in ambient air, whereby a reduction in the
sealing performance of the first sealing member 5 can be
reliably reduced or prevented.

[0094] The resin member 14 is formed using the one drop
filling technique. Therefore, the positioning accuracy of for-
mation of the resin member 14 can be improved. Therefore,
the production step of the resin member 14 can be simplified,
resulting in an increase in productivity of the organic EL
display device 1, and therefore, an increase in yield.

[0095] Next, an example method for manufacturing the
organic EL display device of this embodiment will be
described. FIGS. 4-15 are diagrams for describing a method
for manufacturing the organic EL display device of the first
embodiment of the present invention.

[0096]

[0097] 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.

[0098] 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.

[0099] More specifically, initially, the element substrate 30
including the first electrode 6 is placed ina chamber of a vapor
deposition apparatus. Note that the inside of the chamber of
the vapor deposition apparatus is kept at a vacuum degree of
1x1075 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.

[0100] 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

<Organic EL Element Formation Step>
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electron transport layer 12, and the electron injection layer
13. As a result, as shown in FIG. 5, the organic layer 7 is
formed in the pixel region.

[0101] 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.

[0102] 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.

[0103] 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 a-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 ared 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 transport layer 10
formed in the corresponding pixel regions using a mask.
Next, as the light emitting layer 11 for a green color, a mixture
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 (DPAVBI) (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 (Alg3) 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.

[0104] 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.

[0105] <First Sealing Member Formation Step>

[0106] Initially, as shown in FIGS. 8 and 11, a paste mate-
rial obtained by adding fritted glass to the aforementioned
organic solvent is applied onto the sealing substrate 20 (e.g.,
a glass substrate having a substrate size of 95x95 mm and a
thickness of 0.7 mm) by using a dispenser, screen printing,
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etc., and is then preliminarily baked by heating, to form the
frame-like first sealing member 5 made of fritted glass.
[0107] Note that the heating temperature for the prelimi-
nary baking is preferably ina range 0 200° C. to 500° C., both
inclusive, more preferably in a range of 250° C. to 400° C,,
both inclusive. This is because if the organic solvent of the
paste material is not completely removed by the preliminary
baking, the organic solvent may cause outgassing during the
main baking, which may interfere with welding employing
the first sealing member 5 made of fritted glass described
below.

[0108] <Second Sealing Member Formation Step>

[0109] Next, as shown in FIGS. 9 and 11, the frame-like
second sealing member 16 made of an ultraviolet curable
resin or a thermosetting resin, such as an acrylic resin, an
epoxy resin, etc., 1s formed (drawn) on the sealing substrate
20 including the first sealing member 5 using, for example, a
dispenser.

[0110] In this case, as shown in FIGS. 9 and 11, the frame-
like second sealing member 16 is formed (drawn) inside the
first sealing member 5. The second sealing member 16 is
formed to have a high viscosity (100-1000 Pa-s).

[0111] AsshowninFIG.9,in order to maintain hermeticity
(high vacuum state) for applying pressure by vacuum when
the element substrate 30 and the sealing substrate 20 are
attached together by vacuum, the second sealing member 16
is formed so that the second sealing member 16 has a greater
height than that of the first sealing member 5. Specifically, the
second sealing member 16 is formed so that a relationship
H, <H, is established, where H; is the height of the first seal-
ing member 5, and H, is the height of the second sealing
member 16.

[0112] As described above, the spacer 17 for regulating the
thickness of the resin member 14 is contained in the second
sealing member 16. The spacer 17 has a diameter which is
smaller than or equal to the height of the first sealing member
5. More specifically, the diameter of the spacer 17 is set so that
arelationship H, ZD, is established, where D, is the diameter
of the spacer 17 (a longer diameter of the spacer 17 in the
thickness direction Y of the organic EL display device 1).
[0113] If the height H, of the first sealing member 5 is
smaller than the diameter D, of the spacer 17 (i.e., H,<D)),
the first sealing member 5 is prevented from contacting the
element substrate 30 when the element substrate 30 and the
sealing substrate 20 are attached together via the first sealing
member 5. In this case, a gap occurs between the first sealing
member 5 and the element substrate 30, and therefore, it is
difficult to shut out water and oxygen contained in ambient air
using the first sealing member 5. In order to avoid such an
adverse situation, the relationship H, =D, needs to be estab-
lished.

[0114] <One Drop Fill Step>

[0115] Next, as shown in FIGS. 10 and 11, a resin material
14a for forming the resin member 14 is dropped and injected
inside the second sealing member 16 formed on the sealing
substrate 20. Note that the resin material 14a is, for example,
an ultraviolet curable resin, such as an acrylic resin, an epoxy
resin, etc. The resin 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.

[0116] <Two-Substrate Structure Formation Step>

[0117] Next, in a vacuum atmosphere, the sealing substrate
20 on which the first sealing member 5 and the second sealing
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member 16 have 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. 12, a surface 16a of the second sealing member 16
formed on the sealing substrate 20 is put on the element
substrate 30.

[0118] Next, as shown in FIG. 13, in a vacuum atmosphere,
the hermetic (vacuum) state of the inside of the second sealing
member 16 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
the first sealing member 5 and the second sealing member 16
to form a two-substrate structure in which the element sub-
strate 30 and the sealing substrate 20 are attached together.
[0119] Note that when the pressure is applied, the pressure
is controlled so that the first sealing member 5 and the second
sealing member 16 have the same height.

[0120] Inthiscase, in this embodiment, as described above,
the second sealing member 16 made of a resin functions as a
pressure wall for maintaining the vacuum state of the inside of
the attached substrates. Therefore, the vacuum state of the
inside of the attached substrates in which the dropped and
injected resin material 14 which will become the resin mem-
ber 14 is provided, can be maintained. As a result, even if the
resin material 14a is dropped and injected, then when the
element substrate 30 and the sealing substrate 20 are attached
together in a vacuum atmosphere, the dropped and injected
resin material 14a can be uniformly spread inside the second
sealing member 16 by applying a pressure.

[0121] <Resin Curing Step>

[0122] Next, as shown in FIG. 14, the two-substrate struc-
ture is irradiated with ultraviolet light (indicated by arrows in
FIG. 14) through the sealing substrate 20 to cure the uni-
formly spread resin material 144 to form the resin member 14,
and to cure the resin included in the second sealing member
16.

[0123] Note that the irradiation with ultraviolet light is
preferably 0.5-10 J, more preferably 1-6 I. 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).

[0124] <Welding Step>

[0125] Next, as shown in FIG. 15, the two-substrate struc-
ture is irradiated with laser light (indicated by arrows in FIG.
15) using a laser light source, such as a YAG laser etc.,
through the sealing substrate 20, to selectively heat only the
first sealing member 5 made of fritted glass, whereby the
element substrate 30 and the sealing substrate 20 are welded
by the first sealing member 5.

[0126] More specifically, for example, the YAG laser (A=1.
06 um) has a power of 50-200 W, the aperture is narrowed to
0.1-1 mm using a fiber laser, a portion to which the fritted
glass has been applied is irradiated with laser light through the
glass. Thereafter, the YAG laser (laser light source) or the first
sealing member 5 (target to be processed) is driven to heat and
melt the fritted glass included in the first sealing member 5 to
weld the element substrate 30 and the sealing substrate 20.
[0127] Here, in this embodiment, instead of heating an
entireregion in the width direction of the first sealing member
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5 made of fritted glass, only a portion in the width direction is
irradiated and heated with laser light, so that a non-irradiated
region is provided. By this manner, damage to the organic EL.
element 4 due to heat transfer can be reduced.

[0128] More specifically, as shown in FIG. 16, a relation-
ship r<0.5 W is preferably established, where W is a width of
the first sealing member 5, and r is an irradiation width of laser
light L. For example, when the width W of the first sealing
member 5 is | mm, the irradiation width r of the laser light L
may be set to 0.4 mm.

[0129] With such a configuration, the first sealing member
5 has a region which is not heated, and therefore, the heat
capacity of the first sealing member 5 is increased, whereby
an increase in temperature of the inner portion of the first
sealing member 5 can be reduced or avoided. Therefore,
physical transfer to the organic EL element 4 of the tempera-
ture increase of the first sealing member 5 caused by the
irradiation with the laser light L can be effectively reduced or
prevented.

[0130] Note that the irradiation widthr (i.e., welding width)
of the laser light I is preferably in a range of 0.1 mm to 1 mm,
both inclusive, more preferably in a range of 0.1 mm to 0.5
mm, both inclusive. This is because when the irradiation
width r is larger than 1 mm, the area irradiated with the laser
light L is close to the organic EL element 4, and therefore, it
may be difficult to sufficiently reduce or avoid the influence of
heat on the organic EL element 4, and when the irradiation
widthr is smaller than 0.1 mm, the welding by the first sealing
member 5 is not sufficient, so that the first sealing member 5
may not have a sufficient function of shutting out water and
oxygen contained in ambient air.

[0131] FIG. 17 shows characteristics (voltage versus lumi-
nance) of the organic EL element 4 which are obtained when
the irradiation width r of the laser light L is set to 0.2 mm and
0.5 mm and when laser irradiation is not performed (i.e., there
is not an influence ofheat), where a distance between the first
sealing member 5 made of fritted glass (width W=1 mm) and
the organic EL element 4 is set to 5 mm.

[0132] AsshowninFIG. 17, a higher luminanceis obtained
at a lower voltage (i.e., more excellent characteristics of the
organic EL element 4) when the irradiation width r of laser
light is small (r=0.2 mm) than when the irradiation widthr of
laser light is large (r=0.5 mm).

[0133] As can be seen from the above results, the fritted
glass functions as a heat sink, and the influence of heat on the
organic EL element 4 can be reduced or avoided by selec-
tively heating a portion of the first sealing member 5 instead
of heating the entire first sealing member 5.

[0134] According to this embodiment described above, the
following advantages can be obtained.

[0135] (1) In this embodiment, the second sealing member
16 formed of a resin is provided between the element sub-
strate 30 and the sealing substrate 20. Therefore, the second
sealing member 16 formed of a resin, which is flexible, func-
tions as a pressure wall for maintaining the vacuum state of
the inside of the attached substrates (i.e., the element sub-
strate 30 and the sealing substrate 20), and therefore, the resin
member 14 can be formed using the one drop filling tech-
nique. As a result, the resin member 14 having a small thick-
ness can be formed. The thinner resin member 14 can reduce
the amount of a resin material used to form the resin member
14 even in a large-size organic EL display device. As a result,
an increase in cost can be reduced.
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[0136] (2) Because the thickness of the resin member 14 is
reduced, the thickness of the first sealing member 5§ made of
fritted glass can also be reduced. As a result, the heating
energy which is required when a laser is used to perform
welding using the first sealing member 5 made of fritted glass
canbereduced. As aresult, an increase in costcan be reduced.
[0137] (3) Because the thickness of the resin member 14
can be prevented from being greater than the thickness of the
first sealing member 5, a gap can be prevented from occurring
between the first sealing member 5 and the element substrate
30. Therefore, the first sealing member 5 can reliably shut out
water and oxygen contained in ambient air, and therefore, the
reduction in the sealing performance of the first sealing mem-
ber 5 can be reliably reduced or prevented.

[0138] (4)Because the resin member 14 is formed using the
one drop filling technique, the positioning accuracy can be
improved when the resin member 14 is formed. Therefore, the
production step of the resin member 14 can be simplified,
whereby the productivity of the organic EL display device 1
can be improved and therefore the yield can be increased.
[0139] (5) In this embodiment, the second sealing member
16 contains the spacer 17 for regulating the thickness of the
resin member 14. Therefore, even when the resin member 14
is formed using the one drop filling technique, the thickness
of the resin member 14 can be accurately regulated.

[0140] (6) In this embodiment, the relationship H, =D, is
established, where H, is the height of the first sealing member
5, and D, is the diameter of the spacer 17. Therefore, if the
first sealing member 5 is provided on the sealing substrate 20,
then when the element substrate 30 and the sealing substrate
20 are attached together via the first sealing member 5, the
first sealing member 5 and the element substrate 30 are
allowed to reliably contact each other, whereby a gap can be
reliably prevented from occurring between the first sealing
member 5 and the element substrate 30.

[0141] (7) In this embodiment, the second sealing member
16 is provided inside the first sealing member 5 in the plane
direction X of the organic EL display device 1. Therefore, the
second sealing member 16 can separate the resin member 14
apart from the first sealing member 5, whereby heat transfer
to the organic EL element 4 can be reduced when the first
sealing member 5 is heated to weld the element substrate 30
and the sealing substrate 20. Also, it is possible to reduce or
prevent alteration of the resin member 14 which is caused by
heat when the first sealing member is melted. Specifically,
alteration of the resin member 14 caused by heat, such as
carbonization, yellowing, etc., can be reduced or prevented,
whereby a change in visual perception of the resin member 14
can be reduced or prevented.

[0142] (8) In this embodiment, the second sealing member
16 1s formed of an acrylic resin or an epoxy resin. Therefore,
the second sealing member 16 can be formed of a low-cost
and versatile resin material.

[0143] (9) In this embodiment, on the surface of the organic
EL element 4, the protection film 15 is provided which is used
to prevent the organic EL element 4 and the resin member 14
from contacting each other, thereby protecting the organic EL
element 4. Therefore, even when the resin member 14 is
provided over the surface of the organic EL element 4, the
organic EL element 4 can be reliably protected.

Second Embodiment

[0144] Next, a second embodiment of the present invention
will be described. FIG. 18 is a plan view of an organic EL
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display device according to the second embodiment of the
present invention. FIG. 19 is a cross-sectional view taken
along line B-B of FIG. 18. Note that parts similar to those of
the first embodiment are indicated by the same reference
characters and will not be described. The organic EL display
device is manufactured by a method similar to that described
in the first embodiment, and the method will not be described
in detail.

[0145] In the organic EL display device 40 of this embodi-
ment, as shown in FIGS. 18 and 19, the positions of the first
sealing member 5 and the second sealing member 16
described in the first embodiment are switched.

[0146] More specifically, as shown in FIGS. 18 and 19, in
this embodiment, the second sealing member 16 is provided
outside the first sealing member 5 in the plane direction X of
the organic EL display device 1. The first sealing member 5 is
provided between the organic EL element 4 (or the resin
member 14) and the second sealing member 16 in the plane
direction X of the organic EL display device 1 (i.e., on a side
closer to the organic EL. element 4 (or the resin member 14) of
the second sealing member 16 in the plane direction X).
[0147] Thereafter, in this embodiment, the first sealing
member 5 made of fritted glass provided inside the second
sealing member 16 functions as a member for sealing the
resin member 14.

[0148] Also in this embodiment, similar to the first embodi-
ment, the second sealing member 16 contains a spacer 17
having a smaller height than that of the first sealing member
5. The spacer 17 regulates the thickness of the resin member
14.

[0149] According to this embodiment described above, the
following advantage can be obtained in addition to the advan-
tages (1)-(9) described above.

[0150] (10) In this embodiment, the second sealing mem-
ber 16 is provided outside the first sealing member 5 in the
plane direction X of the organic EL display device 1. There-
fore, when the second sealing member 16 is formed after the
first sealing member 5 is formed, the second sealing member
16 is more easily formed.

Third Embodiment

[0151] Next, a third embodiment of the present invention
will be described. FIG. 20 is a plan view of an organic EL
display device according to the third embodiment of the
present invention. FIG. 21 is a cross-sectional view taken
along line C-C of FIG. 20. Note that parts similar to those of
the first embodiment are indicated by the same reference
characters and will not be described. The organic EL display
device is manufactured by a method similar to that described
in the first embodiment, and the method will not be described
in detail.

[0152] In the organic EL display device 50 of this embodi-
ment, as shown in FIGS. 20 and 21, the first sealing member
5 and the second sealing member 16 are separated apart from
each other in the plane direction X of the organic EL display
device 50 (i.e., a space S is formed between the first sealing
member 5 and the second sealing member 16).

[0153] With such a configuration, as described above, even
when the first sealing member 5 made of fritted glass is
melted by heating, transfer of heat used for the melting to the
second sealing member 16 can be reduced or prevented.
[0154] Note that a distance between the first sealing mem-
ber 5 and the second sealing member 16 is not particularly
limited and may be a distance which can reduce or prevent the
transfer of heat used for the melting to the second sealing
member 16.
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[0155] According to this embodiment described above, the
following advantage can be obtained in addition to the advan-
tages (1)-(9) described above.

[0156] (11) In this embodiment, the first sealing member 5
and the second sealing member 16 are separated apart from
each other in the plane direction X of the organic EL display
device 50. Therefore, transfer to the second sealing member
16 of heat occurring when the element substrate 30 and the
sealing substrate 20 are welded by heating the first sealing
member 5 made of fritted glass can be reduced or prevented.
As a result, alteration of the second sealing member 16
formed of a resin due to heat can be reduced or prevented.

[0157] Note that the above embodiments may be modified
as follows.
[0158] As shown in FIG. 22, also in the second embodi-

ment, similar to the third embodiment, the first sealing mem-
ber 5 and the second sealing member 16 may be separated
apart from each other (i.e., a space S may be formed between
the first sealing member 5 and the second sealing member
16).

[0159] As shown in FIG. 23, 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 (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 resin member
14 and the second sealing member 16 are formed by irradia-
tion 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 trans-
mitting 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.

[0160] Note that, also in the second and third embodiments,
similar to the case of FIG. 23, the light blocking member 35
having a capability of transmitting visible light and a capa-
bility of blocking ultraviolet light may be provided on the
surface of the organic EL element 4 (i.e., the surface of the
second electrode 8 of the organic EL element 4).

[0161] 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.

[0162] A material for the film having a capability ofabsorb-
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
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small particles made of zinc oxide, titanium oxide, etc., and
organic ultraviolet light absorbents, such as benzotriazoles,
triazines, benzophenones, etc.

[0163] 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.
[0164] 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
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.

[0165] 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

[0166] 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

[0167] 1ORGANIC EL DISPLAY DEVICE

[0168] 4 ORGANIC EL ELEMENT

[0169] 5FIRST SEALING MEMBER

[0170] 6 FIRST ELECTRODE

[0171] 7 ORGANIC LAYER

[0172] 8 SECOND ELECTRODE

[0173] 14 RESIN MEMBER

[0174] 15 PROTECTIVE FILM

[0175] 16 SECOND SEALING MEMBER

[0176] 17 SPACER

[0177] 20 SEALING SUBSTRAIE (SECOND SUB-
STRATE)

[0178] 30 ELEMENT SUBSTRATE (FIRST SUB-
STRATE)

[0179] 35 Light Blocking Member

[0180] 40 ORGANIC EL DISPLAY DEVICE

[0181] 50 ORGANIC EL DISPLAY DEVICE

[0182] 60 ORGANIC EL DISPLAY DEVICE

[0183] 70 ORGANIC EL DISPLAY 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 first sealing member formed of fritted glass and provided
between the first substrate and the second substrate, and
configured to weld the first substrate and the second
substrate to seal the organic EL element;
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aresin member provided between the second substrate and
theorganic EL element and configured to cover a surface
of the organic EL element; and

a second sealing member made of a resin and provided
between the first substrate and the second substrate.

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

the second sealing member contains a spacer configured to
regulate a thickness of the resin member.

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

arelationship H, =D, is established, where H, is a height
of the first sealing member, and D, is a diameter of the
spacer.

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

the second sealing member is provided inside the first
sealing member in a plane direction of the organic EL
display device.

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

the second sealing member is provided outside the first
sealing member in a plane direction of the organic EL
display device.

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

the first sealing member and the second sealing member
are separated apart from each other in a plane direction
of the organic EL display device.

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

the resin is an acrylic resin or an epoxy resin.

8. 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.

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

the resin member has a thickness of in a range of 3 um to 20
um, both inclusive.

10. 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 first sealing member formation step of forming a frame-
like first sealing member made of fritted glass on a
second substrate;

a second sealing member formation step of forming a
frame-like second sealing member made ofa resinon the
second substrate on which the first sealing member has
been formed,;

a one drop filling step of dropping and injecting a resin
material for forming a resin member inside the second
sealing member formed on the second substrate;

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

a resin curing step of curing the resin material to form the
resin member and curing the resin included in the second
sealing member; and

a welding step of heating the first sealing member made of
fritted glass to weld the first substrate and the second
substrate using the first sealing member.

11. The method of claim 10, wherein

in the welding step, only a portion in a width direction of
the first sealing member is heated.
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