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(7) ABSTRACT

Provided is an organic EL display device including an
organic EL display panel exhibiting flexibility, a functional
layer portion provided to face the organic EL display panel
on one surface side thereof and exhibiting flexibility, and a
support layer portion provided to face the organic EL display
panel on the other surface side thereof and exhibiting
flexibility. The functional layer portion is slidably provided
on one surface of the organic EL display panel, and the
support layer portion is slidably provided on the other
surface of the organic EL display panel.
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ORGANIC EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an organic EL
display device.

BACKGROUND ART

[0002] In recent years, a light-emitting organic electrolu-
minescence (EL) display device using an organic EL ele-
ment has attracted attention as a display device as an
alternative to a liquid crystal display device.

[0003] For example, Patent Document 1 discloses a light
emitting panel (an organic EL display panel) configured
such that for improving the light emission efficiency of the
light emitting panel, a space with a predetermined refractive
index is formed in such a manner that spacers are interposed
between a common transparent electrode of a cathode elec-
trode provided on a first substrate and a second substrate
provided to face the common transparent electrode.

CITATION LIST

Patent Document

[0004] PATENT DOCUMENT 1: Japanese Unexamined
Patent Publication No. 2003-347041

SUMMARY OF THE INVENTION

Technical Problem

[0005] For the organic EL display device, a multilayer
structure in which the organic EL element, various films, etc.
are stacked on a resin substrate exhibiting flexibility has
been employed, and a repeatedly-bendable organic EL dis-
play device has been proposed. In this bendable organic EL
display device, when a device body is bent, bending stress
is generated, and a smaller curvature radius upon bending
results in greater distortion due to bending stress of each
layer forming the multilayer structure. In this case, distortion
of each layer (due to bending stress) depends on a distance
from a neutral surface set by the Young’s modulus, film
thickness, and stacked position of each layer to each layer.
Distortion of a layer farther from the neutral surface is
relatively greater, and distortion of a layer closer to the
neutral surface is relatively smaller. When distortion
exceeds a limit value at a certain layer, film rupturing or
irreversible deformation occurs. Further, in the organic EL
display device, the functions thereof are enhanced by a hard
coating layer, a touch panel, etc. provided on a surface of the
organic EL display device. Thus, the entire thickness of the
device increases. For this reason, a distance between a
device surface layer and the neutral surface increases, and
great distortion of the device surface easily occurs. Accord-
ingly, film rupturing or irreversible deformation as described
above easily occurs, and the displaying quality or reliability
of the organic EL display device is lowered.

[0006] The present invention has been made in view of the
above-described points, and is intended to reduce film
rupturing and irreversible deformation at each layer of an
organic EL display device.
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Solution to the Problem

[0007] For accomplishing the above-described object, the
organic EL display device according to the present invention
includes an organic EL display panel exhibiting flexibility, a
functional layer portion provided to face the organic EL
display panel on one surface side thereof and exhibiting
flexibility, and a support layer portion provided to face the
organic EL display panel on the other surface side thereof
and exhibiting flexibility. The functional layer portion is
slidably provided on one surface of the organic EL display
panel, and the support layer portion is slidably provided on
the other surface of the organic EL display panel.

Advantages of the Invention

[0008] According to the present invention, the functional
layer portion is slidably provided on one surface of the
organic EL display panel, and the support layer portion is
slidably provided on the other surface of the organic EL
display panel. Thus, film rupturing and irreversible defor-
mation at each layer of the organic EL display device can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a sectional view of an outline configura-
tion of an organic EL display device according to a first
embodiment of the present invention in a flat state.

[0010] FIG. 2 is a sectional view of an outline configura-
tion of the organic EL display device according to the first
embodiment of the present invention in a bent state.
[0011] FIG. 3 is a plan view of a pixel structure of the
organic EL display device according to the first embodiment
of the present invention.

[0012] FIG. 4 is a sectional view of a detailed configura-
tion of the organic EL display device along an IV-IV line of
FIG. 3.

[0013] FIG. 5 is an equivalent circuit diagram of an
organic EL element layer forming the organic EL display
device according to the first embodiment of the present
invention.

[0014] FIG. 6 is a sectional view of an organic EL layer
forming the organic EL display device according to the first
embodiment of the present invention.

[0015] FIG. 7 is a first perspective view of spacers forming
the organic EL display device according to the first embodi-
ment of the present invention.

[0016] FIG. 8 is a second perspective view of the spacers
forming the organic EL display device according to the first
embodiment of the present invention.

[0017] FIG. 9 is a third perspective view of the spacers
forming the organic EL display device according to the first
embodiment of the present invention.

[0018] FIG. 10 is a fourth perspective view of the spacers
forming the organic EL display device according to the first
embodiment of the present invention.

[0019] FIG. 11 is a sectional view of an outline configu-
ration of an organic EL display device according to a second
embodiment of the present invention.

[0020] FIG. 12 is a sectional view of a detailed configu-
ration of the organic EL display device according to the
second embodiment of the present invention.
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[0021] FIG. 13 is a sectional view of an outline configu-
ration of a variation of the organic EL display device
according to the second embodiment of the present inven-
tion.

[0022] FIG. 14 is a sectional view of a detailed configu-
ration of an organic EL display device according to a third
embodiment of the present invention.

[0023] FIG. 15 is a sectional view of a detailed configu-
ration of an organic EL display device according to a fourth
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, embodiments of the present invention
will be described in detail with reference to the drawings.
Note that the present invention is not limited to each of the
embodiments below.

First Embodiment

[0025] FIGS. 1 to 10 illustrate a first embodiment of an
organic EL display device according to the present inven-
tion. In this embodiment, FIG. 1 is a sectional view of an
outline configuration an organic EL display device 100a of
the present embodiment in a flat state. Moreover, FIG. 2 is
a sectional view of the outline configuration of the organic
EL display device 1004 in a bent state. Further, FIG. 3 is a
plan view of a pixel structure of the organic EL display
device 100q. In addition, FIG. 4 is a sectional view of a
detailed configuration of the organic EL display device 100a
along an IV-1V line of FIG. 3. Moreover, FIG. 5 is an
equivalent circuit diagram of an organic EL element layer 20
forming the organic EL display device 100a. Further, FIG.
6 is a sectional view of an organic EL layer 17 forming the
organic EL display device 100a.

[0026] As illustrated in FIGS. 1, 2, and 4, the organic EL
display device 100a includes an organic EL display panel
30, a functional layer portion 40, and a support layer portion
50 facing each other. The organic EL display device 100a
has such a structure that the organic EL display panel 30, the
functional layer portion 40, and the support layer portion 50
are integrated by a frame-shaped seal member 60 provided
at peripheral end portions of the organic EL display panel
30, the functional layer portion 40, and the support layer
portion 50. In this embodiment, in the organic EL display
device 100a, multiple sub-pixels P are arranged in a matrix
in a display region (not shown) for image displaying as
illustrated in FIG. 3. Moreover, in the display region of the
organic EL display device 1004, the sub-pixels P each
having red light emission regions Lr for displaying with a
red gradation, the sub-pixels P each having green light
emission regions Lg for displaying with a green gradation,
and the sub-pixels P each having blue light emission regions
Lb for displaying with a blue gradation are provided adja-
cent to each other as illustrated in FIG. 3. Note that in the
display region of the organic EL display device 100q,
adjacent three sub-pixels P having the red light emission
region Lr, the green light emission region Lg, and the blue
light emission region Lb form a single pixel.

[0027] As illustrated in FIG. 4, the organic EL display
panel 30 includes a base resin substrate layer 10, a stress
adjustment layer 8 provided below the base resin substrate
layer 10 as viewed in the figure, the organic EL element
layer 20 provided above the base resin substrate layer 10 as
viewed in the figure, and an opposing resin substrate layer
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22 provided above the organic EL element layer 20 as
viewed in the figure. The organic EL display panel 30
exhibits flexibility. In this embodiment, a first adhesive layer
9 formed from a light curing adhesive sheet, an UV curing
adhesive, a thermosetting adhesive, an epoxy-based adhe-
sive, or a cyanoacrylate-based instant adhesive is provided
between the base resin substrate layer 10 and the stress
adjustment layer 8. Moreover, a second adhesive layer 21
formed from an UV retardation curing adhesive, a thermo-
setting adhesive, an epoxy-based adhesive, an acrylic-based
adhesive, or a polyolefin-based adhesive is provided
between the organic EL element layer 20 and the opposing
resin substrate layer 22.

[0028] The stress adjustment layer 8 is configured to
control the position of a first neutral surface Na (see FIG. 2)
for bending stress in the organic EL display panel 30. In this
embodiment, the stress adjustment layer 8 is, for example,
formed from a plastic film such as polyethylene terephtha-
late, polyethylene naphthalate, aramid, (meth)acrylate, or
triacetylcellulose. Note that the first neutral surface Na is a
surface which receives no compression and tension and at
which no bending stress is substantially caused when the
organic EL display panel 30 is bent.

[0029] The base resin substrate layer 10 is, for example,
formed from a plastic film such as polyimide.

[0030] The organic EL element layer 20 is configured such
that the following first to fifth multiplayer structures are
provided.

[0031] As illustrated in FIG. 3, the organic EL element
layer 20 includes, as the first multilayer structure, multiple
gate lines 11 provided to extend in parallel with each other
in a lateral direction as viewed in the figure on the base resin
substrate layer 10, multiple source lines 12a provided to
extend in parallel with each other in a longitudinal direction
as viewed in the figure, and multiple power source lines 124
each provided adjacent to the source lines 12a and provided
to extend in parallel with each other. Note that a moisture-
prooflayer including a single-layer film or a multilayer film
such as a silicon nitride film, a silicon oxide film, or a silicon
oxynitride film is provided between the base resin substrate
layer 10 and a gate layer such as each gate line 11.

[0032] As illustrated in FIG. 5, the organic EL element
layer 20 includes, as the second multilayer structure, mul-
tiple first TFTs 13a each provided at the sub-pixels P,
multiple second TFTs 135 each provided at the sub-pixels P,
and multiple capacitors 13¢ each provided at the sub-pixels
P. In this embodiment, the first TFT 13« is connected to the
corresponding gate line 11 and the corresponding source line
124 as illustrated in FIG. 5. Moreover, as illustrated in FIG.
5, the second TFT 135 is connected to the corresponding first
TFT 13a and the corresponding power source line 125.
Further, each of the first TFT 13a and the second TFT 136
includes, for example, a gate electrode provided on the base
resin substrate layer 10 through the moistureproof layer, a
gate insulating film provided to cover the gate electrode, a
semiconductor layer provided on the gate insulating film to
overlap with the gate electrode, and source and drain elec-
trodes provided to face each other on the semiconductor
layer. In addition, as illustrated in FIG. 5, the capacitor 13¢
is connected to the corresponding first TFT 13a and the
corresponding power source line 126. Moreover, the capaci-
tor 13¢ includes, for example, one electrode made of the
same material as that of the gate line 11 at the same layer as
that of the gate line 11, the other electrode made of the same
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material as that of the source line 12a at the same layer as
that of the source line 124. and a gate insulating film
provided between these electrodes in a pair. Note that in the
present embodiment, the bottom-gate first TFT 134 and the
bottom-gate second TFT 135 have been described by way of
example, but the first TFT 134 and the second TFT 135 may
be top-gate TFTs.

[0033] As illustrated in FIG. 4, the organic EL element
layer 20 includes, as the third multiplayer structure, an
interlayer insulating film 14 provided to substantially cover
each first TFT 13a (see FIG. 5), each second TFT 1354, and
each capacitor 13¢ (see FIG. 5), and multiple first electrodes
15 each provided as anodes at the sub-pixels P on the
interlayer insulating film 14 and each connected to the
corresponding second TFTs 1354. In this embodiment, the
interlayer insulating film 14 is, as illustrated in FIG. 4,
provided to cover other portions of each second TFT 135
than part of the drain electrode. Note that the interlayer
insulating film 14 is, for example, formed from light-
sensitive acrylic resin, light-sensitive polyimide resin, or
light-sensitive polysiloxane resin. Moreover, the multiple
first electrodes 15 are, in a matrix, provided corresponding
to the multiple sub-pixels P on the interlayer insulating film
14. Further, as illustrated in FIG. 4, the first electrode 15 is,
at each sub-pixel P, connected to the drain electrode of the
second TFT 135 through a contact hole formed at the
interlayer insulating film 14. In addition, the first electrode
15 has the function of injecting hole (electron holes) to the
later-described organic EL layer 17. Moreover, the first
electrode 15 is more preferably made of a material with a
greater work function for improving the efficiency for inject-
ing electron holes to the organic EL layer 17. Note that the
material forming the first electrode 15 includes, for example,
metal materials such as silver (Ag), aluminum (Al), vana-
dium (V), cobalt (Co), nickel (Ni), tungsten (W), gold (Au),
calcium (Ca), titanium (Ti), yttrium (Y), sodium (Na),
ruthenium (Ru), manganese (Mn), indium (In), magnesium
(Mg), lithium (Li), and ytterbium (Yb). Further, the material
forming the first electrodes 15 may include, for example,
alloys such as magnesium (Mg)/copper (Cu), magnesium
(Mg)/silver (Ag), sodium (Na)/potassium (K), astatine (At)/
astatine oxide (AtO,), lithium (Li)/aluminum (Al), lithium
(LiYcalcium (Ca)aluminum (Al), and lithium fluoride
(LiF)/calcium (Ca)/aluminum (Al). In addition, the material
forming the first electrode 15 may include, for example,
conductive oxides such as tin oxide (SnO), zinc oxide
(Zn0), indium tin oxide (ITO), and indium zinc oxide (IZ0).
Moreover, the first electrode 15 may be, for example, formed
from a stack of multiple layers made of the above-described
materials, such as ITO/Ag, 1Z0/Ag, or 1Z0O/Al. Note that
among the conductive oxides etc., the materials with a great
work function include, for example, indium tin oxide (ITQ)
and indium zinc oxide (IZO).

[0034] As illustrated in FIG. 4, the organic EL element
layer 20 includes, as the fourth multilayer structure, an edge
cover 16 provided in a grid pattern to cover an edge portion
of each first electrode 15, and the organic EL layer 17
provided to cover the first electrodes 15 exposed through the
edge cover 16. In this embodiment, a material forming the
edge cover 16 includes, for example, inorganic films such as
silicon oxide (8i0,), silicon nitride (SiNx (X is a positive
number)) including trisilicon tetranitride (Si;N,) etc., and
silicon oxynitride (SiNO), and organic films such as (light-
sensitive) polyimide resin, (light-sensitive) acrylic resin,
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(light-sensitive) polysiloxane resin, and novolac resin.
Moreover, as illustrated in FIG. 6, the organic EL layer 17
includes an electron hole injection layer 1, an electron hole
transport layer 2, a light emission layer 3, an electron
transport layer 4, and an electron injection layer 5, which are
provided over the associated first electrode 15 in this order.

[0035] The electron hole injection layer 1 is also called an
anode buffer layer, and has the function of bringing the
energy levels of the first electrode 15 and the organic EL
layer 17 close to each other to improve the efficiency for
injecting electron holes from the first electrode 15 to the
organic EL layer 17. In this embodiment, a material forming
the electron hole injection layer 1 includes, for example, a
triazole derivative, an oxadiazole derivative, an imidazole
derivative, a polyarylalkane derivative, a pyrazoline deriva-
tive, a phenylenediamine derivative, an oxazole derivative,
a styrylanthracene derivative, a fluorenone derivative, a
hydrazone derivative, and a stilbene derivative.

[0036] The electron hole transport layer 2 has the function
of improving the efficiency for transporting electron holes
from the first electrode 15 to the organic EL layer 17. In this
embodiment, a material forming the electron hole transport
layer 2 includes, for example, a porphyrin derivative, an
aromatic tertiary amine compound, a styrylamine derivative,
polyvinyl carbazole, poly-p-phenylenevinylene, polysilane,
a triazole derivative, an oxadiazole derivative, an imidazole
derivative, a polyarylalkane derivative, a pyrazoline deriva-
tive, a pyrazolone derivative, a phenylenediamine deriva-
tive, an arylamine derivative, an amine-substituted chalcone
derivative, an oxazole derivative, a styrylanthracene deriva-
tive, a fluorenone derivative, a hydrazone derivative, a
stilbene derivative, hydrogenated amorphous silicon, hydro-
genated amorphous silicon carbide, zinc sulfide, and zinc
selenide.

[0037] The light emission layer 3 is a region where
electron holes and electrons are respectively injected from
the first electrodes 15 and a later-described second electrode
18 to the region when voltage is applied by the first
electrodes 15 and the second electrode 18 and are joined
again. In this embodiment, the light emission layer 3 is made
of a material with high light emission efficiency. The mate-
rial forming the light emission layer 3 includes, for example,
a metal oxinoid compound [a 8-hydroxyquinoline metal
complex], a naphthalene derivative, an anthracene deriva-
tive, a diphenylethylene derivative, a vinyl acetone deriva-
tive, a triphenylamine derivative, a butadiene derivative, a
coumarin derivative, a benzoxazole derivative, an oxadiaz-
ole derivative, an oxazole derivative, a benzimidazole
derivative, a thiadiazole derivative, a benzothiazole deriva-
tive, a styryl derivative, a styrylamine derivative, a bisstyryl-
benzene derivative, a tristyrylbenzene derivative, a perylene
derivative, a perinone derivative, an aminopyrene deriva-
tive, a pyridine derivative, a rhodamine derivative, an acri-
dine derivative, phenoxazon, a quinacridone derivative,
rubrene, poly-p-phenylene vinylene, and polysilane.

[0038] The electron transport layer 4 has the function of
moving electrons to the light emission layer 3 with favorable
efficiency. In this embodiment, a material forming the elec-
tron transport layer 4 includes, for example, organic com-
pounds such as an oxadiazole derivative, a triazole deriva-
tive, a benzoquinone derivative, a naphthoquinone
derivative, an anthraquinone derivative, a tetracyanoanthra-
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quinodimethane derivative, a diphenoquinone derivative, a
fluorenone derivative, a silole derivative, and a metal oxi-
noid compound.

[0039] The electron injection layer 5 has the function of
bringing the energy levels of the second electrode 18 and the
organic EL layer 17 close to each other to improve the
efficiency for injecting electrons from the second electrode
18 to the organic EL layer 17. By this function, the drive
voltage of the organic EL element layer 20 can be lowered.
Note that the electron injection layer 5 is also called a
cathode buffer layer. In this embodiment, a material forming
the electron injection layer 5 includes, for example, inor-
ganic alkali compounds such as lithium fluoride (LiF),
magnesium fluoride (MgF,), calcium fluoride (Cal',), stron-
tium fluoride (SrF,), and barium fluoride (BaF,), aluminum
oxide (Al,0,), and strontium oxide (SrO).

[0040] As illustrated in FIG. 4, the organic EL element
layer 20 includes, as the fifth multilayer structure, the second
electrode 18 provided as a cathode to cover the organic EL
layer 17 and the edge cover 16, and a sealing film 19
provided to cover the second electrode 18. In this embodi-
ment, the second electrode 18 has the function of injecting
electrons to the organic EL layer 17. Moreover, the second
electrode 18 is more preferably made of a material with a
smaller work function for improving the efficiency for
injecting electrons to the organic EL layer 17. Note that the
material forming the second electrode 18 includes, for
example, silver (Ag), aluminum (Al), vanadium (V), cobalt
(Co), nickel (Ni), tungsten (W), gold (Au), calcium (Ca),
titanium (Ti), yttrium (Y), sodium (Na), ruthenium (Ru),
manganese (Mn), indium (In), magnesivm (Mg), lithium
(Li), and ytterbium (Yb). Moreover, the second electrode 18
may be, for example, made of alloys such as magnesium
(Mg)/copper (Cu), magnesium (Mg)/silver (Ag), sodium
(Na)/potassium (K), astatine (At)/astatine oxide (AtQO,),
lithium (Li)aluminum (Al), lithium (Li)/calcium (Ca)/alu-
minum (Al), and lithium fluoride (LiF)/calcium (Ca)/alumi-
num (Al). Further, the second electrode 18 may be, for
example, made of conductive oxides such as tin oxide
(Sn0), zinc oxide (ZnQ), indium tin oxide (ITO), and
indium zine oxide (I1Z0O). In addition, the second electrode
18 may be, for example, formed from a stack of multiple
layers made of the above-described materials, such as ITO/
Ag. Note that the material with a small work function
includes, for example, magnesium (Mg), lithium (Li), mag-
nesium (Mg)/copper (Cu), magnesium (Mg)/silver (Ag),
sodium (Na)/potassium (K), lithium (Li)/aluminum (Al),
lithium (Li)/calcium (Ca)/aluminum (Al), and lithium fluo-
ride (LiF)/calcium (Ca)/aluminum (Al). The sealing film 19
has the function of protecting the organic EL layer 17 from
moisture and oxygen. Note that a material forming the
sealing film 19 includes, for example, inorganic materials
such as silicon oxide (Si0,), aluminum oxide (Al,O;), and
silicon nitride (SiNx (x is a positive number)) including
trisilicon tetranitride (Si;N,) etc., an organic-inorganic com-
posite material such as silicon carbonitride (SiCN), and
organic materials such as acrylate, polyuria, parylene, poly-
imide, and polyamide.

[0041] The opposing resin substrate layer 22 is, for
example, formed from a plastic film such as polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, or (meth)acrylate.

[0042] As illustrated in FIGS. 1, 2, and 4, the functional
layer portion 40 is slidably provided on one surface (the
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upper side as viewed in the figure) of the organic EL display
panel 30. Moreover, as illustrated in FIG. 4, the functional
layer portion 40 includes a polarization plate 31, a touch
panel 33 provided on the polarization plate 31 through a
third adhesive layer 32, and a hard coating layer 35 provided
on the touch panel 33 through a fourth adhesive layer 34.
The functional layer portion 40 exhibits flexibility. In this
embodiment, multiple first spacers 45 movable on each
surface of the organic EL display panel 30 and the functional
layer portion 40 are randomly provided between the organic
EL display panel 30 and the functional layer portion 40.
[0043] The polarization plate 31 includes, for example, a
polarizer layer obtained in such a manner that a polyvinyl
alcohol film to which iodine is adsorbed is uniaxially
stretched, and a pair of protection films sandwiching the
polarizer layer.

[0044] The third adhesive layer 32 and the fourth adhesive
layer 34 are, for example, formed from a light curing
adhesive sheet, an UV curing adhesive, a thermosetting
adhesive, an epoxy-based adhesive, or a cyanoacrylate-
based instant adhesive.

[0045] The touch panel 33 includes, for example, a base
film made of polyimide, polyethylene terephthalate, poly-
ethylene naphthalate, aramid, or (meth)acrylate, and a
capacitance touch panel layer provided on the base film.
[0046] The hard coating layer 35 includes, for example, a
base material layer made of polyimide, polyethylene
terephthalate, polyethylene naphthalate, aramid, or (meth)
acrylate, and a surface layer provided on the base material
layer and made of UV curing organosilicon resin, thermo-
setting resin, acrylic resin, urethane resin, or polysiloxane
resin.

[0047] As illustrated in FIGS. 1, 2, and 4, the support layer
portion 50 is slidably provided on the other surface (the
lower side as viewed in the figure) of the organic EL display
panel 30. Moreover, the support layer portion 50 is, for
example, formed from a plastic substrate of polyimide etc.
or a thin plate made of iron, magnesium, etc., and exhibits
flexibility. In this embodiment, multiple second spacers 55
movable on each surface of the organic EL display panel 30
and the support layer portion 50 are randomly provided
between the organic EL display panel 30 and the support
layer portion 50.

[0048] As illustrated in FIG. 7, the first spacers 45 and the
second spacers 55 are, for example, formed from Micropearl
(registered trademark) series plastic beads manufactured by
Sekisui Chemical Co., Ltd. and having a diameter of about
5 um. In this embodiment, FIG. 7 is a first perspective view
of a state when the first spacers 45 (the second spacers 55)
forming the organic EL display device 100a are arranged on
both surfaces S of the organic EL display panel 30, the
functional layer portion 40, and the support layer portion 50.
Note that in the present embodiment, the spherical first
spacers 45 (the spherical second spacers 55) movable (rol-
lable) on each surface S of the organic EL display panel 30
and the functional layer portion 40 (the organic EL display
panel 30 and the support layer portion 50) have been
described by way of example, but at least one of the first
spacer 45 or the second spacer 55 may be first spacers 45a
to 45¢ (second spacers 55a to 55¢) illustrated in FIGS. 8 to
10. In this embodiment, FIGS. 8§ to 10 are second to fourth
perspective views of a state when the first spacers 45a to 45¢
(the second spacers 55a to 55¢) as variations of the first
spacer 45 (the second spacer 55) are arranged on the surface
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S. Specifically, as illustrated in FIG. 8, each first spacer 45a
(each second spacer 55a) is formed as a relatively-short
rod-shaped columnar body movable (rollable) on both sur-
faces S of the organic EL display panel 30 and the functional
layer portion 40 (the organic EL display panel 30 and the
support layer portion 50). Moreover, as illustrated in FIG. 9,
each first spacer 455 (each second spacer 554) is formed as
a relatively-long rod-shaped columnar body movable (rol-
lable) on both surfaces S of the organic EL display panel 30
and the functional layer portion 40 (the organic EL display
panel 30 and the support layer portion 50), and the axis of
the columnar body is arranged in parallel with a bending axis
direction of the organic EL display device 100a. Note that in
FIG. 9, the outline of the surface S contacting the first
spacers 455 (the second spacers 55b) is indicated by a chain
double-dashed line for illustrating the direction of bending
the organic EL display device 100qa. In addition, as illus-
trated in FIG. 10, each first spacer 45¢ (each second spacer
55¢) is formed as a discoid columnar body on one surface S
of the organic EL display panel 30 and the functional layer
portion 40 (the organic EL display panel 30 and the support
layer portion 50), and is movable (slidable) on the other
surface S of the organic EL, display panel 30 and the
functional layer portion 40 (the organic EL display panel 30
and the support layer portion 50). Note that as illustrated in
FIG. 10, each first spacer 45¢ (each second spacer 55¢) is
provided in a state in which a bottom surface of the
columnar body stands, in a fixed manner, on one surface S
of the organic EL display panel 30 and the functional layer
portion 40 (the organic EL display panel 30 and the support
layer portion 50).

[0049] The seal member 60 is, for example, made of
silicone resin, urethane resin, or elastomer resin, and exhib-
its flexibility. Thus, sliding operation among the organic EL
display panel 30, the functional layer portion 40, and the
support layer portion 50 is allowed.

[0050] The organic EL display device 100a having the
above-described configuration is configured as follows: the
first TFT 13a 1s, at each sub-pixel P, brought into an ON state
by input of a gate signal to the first TFT 134 through the gate
line 11; a predetermined voltage corresponding to a source
signal is written in the gate electrode of the second TFT 135
and the capacitor 13¢ through the source line 12q; the light
emission layer 3 emits light in such a manner that the level
of current from the power source line 125 is defined based
on the gate voltage of the second TFT 135 and the defined
current is supplied to the light emission layer 3; and image
displaying is performed using various types of light emitted
from the organic EL display panel 30 toward the functional
layer portion 40 (the upper side as viewed in FIG. 4). Note
that in the organic EL display device 100a, even when the
first TFT 134 is brought into an OFF state, the gate voltage
of the second TFT 135 is held by the capacitor 13¢, and
therefore, light emission from the light emission layer 3 is
maintained until a gate signal of a subsequent frame is input.

[0051] Moreover, the organic EL display device 100a is
configured such that the functional layer portion 40 and the
support layer portion 50 are slidably provided on both
surfaces of the organic EL display panel 30. Thus, upon
bending, the organic EL display panel 30, the functional
layer portion 40, and the support layer portion 50 each have
the first neutral surface Na, a second neutral surface Nb, a
third neutral surface Nc independent from each other. as
illustrated in FIG. 2. That 1s, the first neutral surface Na of
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the organic EL display panel 30, the second neutral surface
Nb of the functional layer portion 40, and the third neutral
surface Nc of the support layer portion 50 do not influence
each other. In this embodiment, the second neutral surface
Nb is a surface which receives no compression and tension
and at which no bending stress is substantially caused when
the functional layer portion 40 is bent. Moreover, the third
neutral surface Nc is a surface which receives no compres-
sion and tension and at which no bending stress is substan-
tially caused when the support layer portion 50 is bent. Note
that the above-described phrasing of “slidably” means that
the relative positions of two adjacent components (e.g., the
organic EL display panel 30 and the functional layer portion
40 or the organic EL display panel 30 and the support layer
portion 50) facing each other can be changed without the
need for physically providing stress to each other. On the
other hand, in a case where two adjacent components facing
each other are bonded together across the entire surfaces as
in a typical multilayer body, when an attempt is made of
change relative positions, these components physically pro-
vide stress to each other.

[0052] The organic EL display device 100a can be manu-
factured using the following method.

[0053] First, the organic EL element layer 20 is, using a
well-known method, formed on the front surface of the base
resin substrate layer 10 formed on a glass substrate, for
example. After the second adhesive layer 21 and the oppos-
ing resin substrate layer 22 have been stacked on the organic
EL element layer 20, the first adhesive layer 9 and the stress
adjustment layer 8 are formed on the back surface of the
base resin substrate layer 10 from which the glass substrate
has been detached, and in this manner, the organic EL
display panel 30 is produced.

[0054] Subsequently, the third adhesive layer 32, the touch
panel 33, the fourth adhesive layer 34, and the hard coating
layer 35 are stacked on the surface of the polarization plate
31 by means of a well-known method, and in this manner,
the functional layer portion 40 is produced.

[0055] Further, after the second spacers 55 has been
dispersed on the surface of the support layer portion 50 and
the organic EL display panel 30 has been arranged on the
second spacers 55, the first spacers 45 are dispersed on the
organic EL display panel 30, and the functional layer portion
40 is arranged on the first spacers 45. Then, each peripheral
end portion of the organic EL display panel 30 on the
support layer portion 50 and the functional layer portion 40
is caulked with the seal member 60.

[0056] As described above, according to the organic EL
display device 100« of the present embodiment, the follow-
ing advantageous effects can be obtained.

[0057] (1) The first spacers 45 movable on at least one
surface of the organic EL display panel 30 and the functional
layer portion 40 are provided between the organic EL
display panel 30 and the functional layer portion 40 inte-
grated by the seal member 60 exhibiting the flexibility. Thus,
the functional layer portion 40 on one surface side of the
organic EL display panel 30 is slidable on one surface of the
organic EL display panel 30. Moreover, the second spacers
55 movable on at least one surface of the organic EL display
panel 30 and the support layer portion 50 are provided
between the organic EL display panel 30 and the support
layer portion 50 integrated by the seal member 60 exhibiting
the flexibility. Thus, the support layer portion 50 on the other
surface side of the organic EL display panel 30 is slidable on
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the other surface of the organic EL display panel 30. With
this configuration, the organic EL display panel 30, the
functional layer portion 40, and the support layer portion 50
are mechanically separated from each other. and each have
the independent first neutral surface Na, second neutral
surface Nb, and third neutral surface Nc. Thus, even when
the organic EL display panel 30, the functional layer portion
40, and the support layer portion 50 are stacked on each
other, film rupturing and irreversible deformation at each
layer of the organic EL display device 1004 can be reduced.
[0058] (2) The organic EL display panel 30, the functional
layer portion 40, and the support layer portion 50 are
integrated by the seal member 60 provided at the peripheral
end portions of the organic EL display panel 30, the func-
tional layer portion 40, and the support layer portion 50.
Thus, in the organic EL display device 100a, in a case where
it is found that any one or two of the organic EL display
panel 30, the functional layer portion 40, and the support
layer portion 50 are defective products, the seal member 60
is formed again after the seal member 60 has been removed
to replace the defective products, and in this manner, the
organic EL display device 100a can be reworked.

Second Embodiment

[0059] FIGS. 11 to 13 illustrate a second embodiment of
an organic EL display device according to the present
invention. In this embodiment, FIG. 11 is a sectional view of
an outline configuration of an organic EL display device
1005 of the present embodiment. Moreover, FIG. 12 is a
sectional view of a detailed configuration of the organic EL
display device 1005. Further, FIG. 13 is a sectional view of
an outline configuration of an organic EL display device
100c as a variation of the organic EL display device 1005.
Note that in each embodiment below, the same reference
numerals are used to represent elements equivalent to those
of FIGS. 1 to 10, and detailed description thereof will not be
repeated.

[0060] In the above-described first embodiment, the
organic EL display device 100a configured such that only
spacers are provided between the organic EL display panel
and each of the functional layer portion and the support layer
portion has been described by way of example. However, in
the present embodiment, the organic EL display device 1005
configured such that spacers and transparent liquid are
provided between an organic EL display panel and each of
a functional layer portion and a support layer portion has
been described by way of example.

[0061] As illustrated in FIGS. 11 and 12, the organic EL.
display device 1005 includes the organic EL display panel
30, the functional layer portion 40, and the support layer
portion 50 provided to face each other, and has such a
structure that the organic EL display panel 30, the functional
layer portion 40, and the support layer portion 50 are
integrated by a frame-shaped seal member 60 provided at
each peripheral end portion of the organic EL display panel
30, the functional layer portion 40, and the support layer
portion 50. Note that the structure of pixels arrayed in a
display region of the organic EL display device 1005 is
substantially the same as the structure of the pixels arrayed
in the display region of the organic EL display device 100a
of the above-described first embodiment.

[0062] Multiple first spacers 45 are randomly provided
between the organic EL display panel 30 and the functional
layer portion 40, and a region surrounded by the seal
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member 60 between the organic EL display panel 30 and the
functional layer portion 40 is filled with the transparent
liquid 46. Note that the transparent liquid 46 is sealed
between the organic EL display panel 30 and the functional
layer portion 40 by a frame-shaped seal material provided
inside the seal member 60.

[0063] For example, the transparent liquid 46 is made of
silicone oil etc. In this embodiment, the refractive index of
the transparent liquid 46 is substantially the same as that of
the first spacer 45. Note that the substantially same refractive
index means that a refractive index difference is within 0.1.
Moreover, the refractive index of the transparent liquid 46
and the refractive index of the first spacer 45 are, e.g., 1.57,
and are between the refractive index (e.g., 1.45) of a surface
layer (a polarization plate 31) of the functional layer portion
40 on a side closer to the organic EL display panel 30 and
the refractive index (e.g., 1.67) of a surface layer (an
opposing resin substrate layer 22) of the organic EL display
panel 30 on a side close to the functional layer portion 40.
[0064] The organic EL display device 1005 having the
above-described configuration is, as in the organic EL
display device 100 of the above-described first embodi-
ment, configured such that image displaying is performed in
such a manner that light is, as necessary, emitted from a light
emission layer 3 at each sub-pixel P.

[0065] Moreover, the organic EL display device 1005 is
configured such that the functional layer portion 40 and the
support layer portion 50 are slidably provided on both
surfaces of the organic EL display panel 30. Thus, upon
bending, the organic EL display panel 30, the functional
layer portion 40, and the support layer portion 50 each have
independent neutral surfaces (the first neutral surface Na, the
second neutral surface Nb, and the third neutral surface Nc
of the above-describe d first embodiment).

[0066] Further, the organic EL display device 1005 can be
manufactured in such a manner that in the method for
manufacturing the organic EL display device 100a of the
above-described first embodiment, changes such as forma-
tion of the frame-shaped seal material on the surface of the
organic EL display panel 30 before the first spacers 45 are
dispersed and dropping of the transparent liquid 46 onto the
inside of the seal material are made.

[0067] Note that in the present embodiment, the organic
EL display device 1005 configured such that the space
between the organic EL display panel 30 and the functional
layer portion 40 is filled with the transparent liquid 46 has
been described by way of example. However, as illustrated
in FIG. 13, the organic EL display device 100¢ configured
such that a space between an organic EL display panel 30
and a support layer portion 50 is filled with transparent
liquid 56 may be employed. Alternatively, an organic EL
display device configured such that a space between an
organic EL display panel 30 and a functional layer portion
40 is filled with transparent liquid 46 and a space between
the organic EL display panel 30 and a support layer portion
50 is filled with transparent liquid 56 may be employed. In
this embodiment, the transparent liquid 56 is made of
silicone oil etc., for example.

[0068] As described above, according to the organic EL
display devices 1005, 100¢ of the present embodiment, the
above-described advantageous effects (1) and (2) and the
following advantageous effects can be obtained.

[0069] (3) In the organic EL display device 1005 of the
present embodiment, the refractive index of the transparent
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liquid 46 is the same as that of the first spacer 45. This can
suppress light emitted from the organic EL display panel 30
toward the functional layer portion 40 from scattering at the
first spacers 45, and therefore, the displaying quality of the
organic EL display device 1005 can be improved.

[0070] (4) In the organic EL display device 1005 of the
present embodiment, the refractive index of the transparent
liquid 46 and the refractive index of the first spacer 45 are
between the refractive index of the polarization plate 31 and
the refractive index of the opposing resin substrate layer 22.
Thus, the light emitted from the organic EL display panel 30
can be taken out toward the functional layer portion 40 with
favorable efficiency.

[0071] (5) In the organic EL display device 100¢ of the
present embodiment, the space between the organic EL
display panel 30 and the support layer portion 50 is filled
with the transparent liquid 56, and therefore, heat generated
at the organic EL display panel 30 can be released toward the
support layer portion 50 with favorable efliciency.

Third Embodiment

[0072] FIG. 14 illustrates a third embodiment of an
organic EL display device according to the present inven-
tion. In this embodiment, FIG. 14 is a sectional view of a
detailed configuration of an organic EL display device 1004
of the present embodiment.

[0073] In the above-described first and second embodi-
ments, the organic EL display devices 100a, 1005 (100c¢)
configured such that the polarization plate, the touch panel,
and the hard coating layer are bonded to each other have
been described by way of example. However, in the present
embodiment, the organic EL display device 1004 configured
such that spacers are arranged between adjacent ones of a
polarization plate, a touch panel, and a hard coating layer
will be described by way of example.

[0074] As illustrated in FIG. 14, the organic EL display
device 1004 includes an organic EL display panel 30, a
functional layer portion 40d, and a support layer portion 50
provided to face each other, and has such a structure that the
organic EL display panel 30, the functional layer portion
40d, and the support layer portion 50 are integrated by a
frame-shaped seal member 60 provided at each peripheral
end portion of the organic EL display panel 30, the func-
tional layer portion 40d, and the support layer portion 50.
Note that the structure of pixels arrayed in a display region
of the organic EL display device 1004 is substantially the
same as the structure of the pixels arrayed in the display
region of the organic EL display device 1004 of the above-
described first embodiment.

[0075] As illustrated in FIG. 14, the functional layer
portion 404 is slidably provided on one surface (the upper
side as viewed in the figure) of the organic EL display panel
30 by first spacers 45. Moreover, as illustrated in FIG. 14,
the functional layer portion 40d includes the polarization
plate 31, the touch panel 33, and the hard coating layer 35
provided as multiple functional layers facing each other, and
has such a structure that the polarization plate 31, the touch
panel 33, and the hard coating layer 35 are integrated by the
frame-shaped seal member 60 provided at each peripheral
end portion of the polarization plate 31, the touch panel 33,
and the hard coating layer 35. In this embodiment, multiple
third spacers 47 movable on each surface of the polarization
plate 31 and the touch panel 33 are randomly provided
between the polarization plate 31 and the touch panel 33.
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Moreover, multiple fourth spacers 48 movable on each
surface of the touch panel 33 and the hard coating layer 35
are randomly provided between the touch panel 33 and the
hard coating layer 35.

[0076] The third spacers 47 and the fourth spacers 48 are,
for example, formed from Micropear] (registered trademark)
series plastic beads manufactured by Sekisui Chemical Co.,
Ltd. and having a diameter of about 5 pm. Note that in the
present embodiment, the spherical third spacer 47 and the
spherical fourth spacer 48 have been described by way of
example. However, the third spacer 47 and the fourth spacer
48 may be in the shapes of the first spacers 45a to 45¢ (the
second spacers 55a to 55¢) described by way of example in
the above-described first embodiment.

[0077] The organic EL display device 1004 having the
above-described configuration is, as in the organic EL
display device 100 of the above-described first embodi-
ment, configured such that image displaying is performed in
such a manner that light is, as necessary, emitted from a light
emission layer 3 at each sub-pixel P.

[0078] Moreover, the organic EL display device 1004 is
configured such that the functional layer portion 40 and the
support layer portion 50 are slidably provided on both
surfaces of the organic EL display panel 30. Thus, upon
bending, the organic EL display panel 30, the functional
layer portion 40, and the support layer portion 50 each have
independent neutral surfaces. Further, the organic EL dis-
play device 1004 is configured such that the polarization
plate 31 and the hard coating layer 35 are slidably provided
on both surfaces of the touch panel 33 in the functional layer
portion 404. Thus, upon bending, the polarization plate 31,
the touch panel 33, and the hard coating layer 35 each have
independent neutral surfaces.

[0079] Further, the organic EL display device 100d can be
manufactured in such a manner that in the method for
manufacturing the organic EL display device 100a of the
above-described first embodiment, steps are changed as
follows without production of the functional layer portion
40.

[0080] The first spacers 45 are dispersed on the surface of
the organic EL display panel 30 arranged on the support
layer portion 50 through the second spacers 55, and the
polarization plate 31 is arranged on the first spacers 45. The
third spacers 47 are dispersed on the surface of the polar-
ization plate 31, and the touch panel 33 is arranged on the
third spacers 47. The fourth spacers 48 are dispersed on the
surface of the touch panel 33, and the hard coating layer 35
is arranged on the fourth spacers 48. Further, each peripheral
end portion of the organic EL display panel 30 on the
support layer portion 50, the polarization plate 31, the touch
panel 33, and the hard coating layer 35 are caulked with the
seal member 60.

[0081] As described above, according to the organic EL
display device 1004 of the present embodiment, the above-
described advantageous effects (1) and (2) and the following
advantageous effects can be obtained.

[0082] (1) will be described in detail. The first spacers 45
movable on at least one surface of the organic EL display
panel 30 and the functional layer portion 404 are provided
between the organic EL display panel 30 and the functional
layer portion 404 integrated by the seal member 60 exhib-
iting flexibility. Thus, the functional layer portion 40d on
one surface side of the organic EL display panel 30 is
slidable on one surface of the organic EL display panel 30.
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Moreover, the second spacers 55 movable on at least one
surface of the organic EL display panel 30 and the support
layer portion 50 are provided between the organic EL
display panel 30 and the support layer portion 50 integrated
by the seal member 60 exhibiting the flexibility. Thus, the
support layer portion 50 on the other surface side of the
organic EL display panel 30 is slidable on the other surface
of the organic EL display panel 30. With this configuration,
the organic EL display panel 30, the functional layer portion
40d, and the support layer portion 50 are mechanically
separated from each other, and each have the independent
neutral surfaces. Thus, even when the organic EL display
panel 30, the functional layer portion 40d, and the support
layer portion 50 are stacked on each other, film rupturing and
irreversible deformation at each layer of the organic EL
display device 1004 can be reduced.

[0083] (2) will be described in detail. The organic EL
display panel 30, the functional layer portion 40d, and the
support layer portion 50 are integrated by the seal member
60 provided at the peripheral end portions of the organic EL
display panel 30, the functional layer portion 40d, and the
support layer portion 50. Thus, in the organic EL display
device 1004, in a case where it is found that any one or two
of the organic EL display panel 30, the functional layer
portion 404, and the support layer portion 50 are defective
products, the seal member 60 is formed again after the seal
member 60 has been removed to replace the defective
products, and in this manner, the organic EL display device
1004 can be reworked.

[0084] (5) The third spacers 47 movable on at least one
surface of the polarization plate 31 and the touch panel 33
are provided between the polarization plate 31 and the touch
panel 33 integrated by the seal member 60 exhibiting the
flexibility. Thus, the touch panel 33 on one surface side of
the polarization plate 31 is slidable on one surface of the
polarization plate 31. Moreover, the fourth spacers 48 mov-
able on at least one surface of the touch panel 33 and the
hard coating layer 35 are provided between the touch panel
33 and the hard coating layer 35 integrated by the seal
member 60 exhibiting the flexibility. Thus, the hard coating
layer 35 on one surface side of the touch panel 33 is slidable
on one surface of the touch panel 33. With this configuration,
the polarization plate 31, the touch panel 33, and the hard
coating layer 35 are mechanically separated from each other,
and each have the independent neutral surfaces. Thus, film
rupturing and irreversible deformation at each layer of the
functional layer portion 404 of the organic EL display device
1004 can be reduced.

Fourth Embodiment

[0085] FIG. 15 illustrates a fourth embodiment of an
organic EL display device according to the present inven-
tion. In this embodiment, FIG. 15 is a sectional view of a
detailed configuration of an organic EL display device 100e
of the present embodiment.

[0086] In the above-described first to third embodiments,
the organic EL display devices 100a to 1004 configured such
that the touch panel is provided in the functional layer
portion have been described by way of example. However,
in the present embodiment, the organic EL display device
100e configured such that a touch panel is provided in an
organic EL display panel will be described by way of
example.

Mar. 14, 2019

[0087] As illustrated in FIG. 15, the organic EL display
device 100e includes the organic EL display panel 30e, a
functional layer portion 40e, and a support layer portion 50
provided to face each other, and has such a structure that the
organic EL display panel 30e, the functional layer portion
40¢, and the support layer portion 50 are integrated by a
frame-shaped seal member 60 provided at each peripheral
end portion of the organic EL display panel 30e, the func-
tional layer portion 40e, and the support layer portion 50.
Note that the structure of pixels arrayed in a display region
of the organic EL display device 100e is substantially the
same as the structure of the pixels arrayed in the display
region of the organic EL display device 100a of the above-
described first embodiment.

[0088] As illustrated in FIG. 15, the organic EL display
panel 30e includes a base resin substrate layer 10 provided
with a stress adjustment layer 8 on the lower side as viewed
in the figure, an organic EL element layer 20 provided on the
upper side of the base resin substrate layer 10 as viewed in
the figure, and a second adhesive layer 21, a touch panel 26,
a color filter 27, and an opposing resin substrate layer 28
stacked in this order on the upper side of the organic EL
element layer 20 as viewed in the figure. The organic EL
display panel 30e exhibits flexibility.

[0089] The touch panel 26 includes, for example, a base
film made of polyimide, polyethylene terephthalate, poly-
ethylene naphthalate, aramid, or (meth)acrylate, and a
capacitance touch panel layer provided on the base film.
[0090] The color filter 27 includes a black matrix layer
provided in a grid pattern on the surface (the back surface)
of the opposing resin substrate layer 28, multiple color resist
layers including red layers, green layers, and blue layers
each corresponding to sub-pixels P, and an overcoat layer
provided to cover the black matrix layer and each color resist
layer.

[0091] The opposing resin substrate layer 28 is, for
example, formed from a plastic film of polyimide, polyeth-
ylene terephthalate, polyethylene naphthalate, aramid, or
(meth)acrylate.

[0092] The functional layer portion 40e is substantially the
same as the hard coating layer 35 of the above-described first
embodiment.

[0093] The organic EL display device 100e having the
above-described configuration is, as in the organic EL
display device 100¢ of the above-described first embodi-
ment, configured such that image displaying is performed in
such a manner that light is, as necessary, emitted from a light
emission layer 3 at each sub-pixel P.

[0094] Moreover, the organic EL display device 100e is
configured such that the functional layer portion 40e and the
support layer portion 50 are slidably provided on both
surfaces of the organic EL display panel 30e. Thus, upon
bending, the organic EL display panel 30e, the functional
layer portion 40e, and the support layer portion 50 each have
independent neutral surfaces.

[0095] Further, the organic EL display device 100e can be
manufactured in such a manner that in the method for
manufacturing the organic EL display device 100a of the
above-described first embodiment, steps are changed as
follows.

[0096] After the opposing resin substrate layer 28 on
which the second adhesive layer 21, the touch panel 26, and
the color filter 27 are formed in advance has been stacked on
the organic EL element layer 20, a first adhesive layer 9 and
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the stress adjustment layer 8 are formed on the back surface
of the base resin substrate layer 10 from which a glass
substrate has been detached. In this manner, the organic EL
display panel 30e is produced.

[0097] Further, the second spacers 55 are dispersed on the
surface of the support layer portion 50, and the organic EL
display panel 30e is arranged on the second spacers 55.
Thereafter, the first spacers 45 are dispersed on the surface
of the organic EL display panel 30e, and the functional layer
portion 40e is arranged on the first spacers 45. Each periph-
eral end portion of the organic EL display panel 30e on the
support layer portion 50 and the functional layer portion 40e
are caulked with the seal member 60.

[0098] As described above, according to the organic EL
display device 100e of the present embodiment, the above-
described advantageous effects (1) and (2) and the following
advantageous effects can be obtained.

[0099] (1) will be described in detail. The first spacers 45
movable on at least one surface of the organic EL display
panel 30e and the functional layer portion 40e are provided
between the organic EL display panel 30e and the functional
layer portion 40e integrated by the seal member 60 exhib-
iting flexibility. Thus, the functional layer portion 40e on one
surface side of the organic EL display panel 30e is slidable
on one surface of the organic EL display panel 30e. More-
over, the second spacers 55 movable on at least one surface
of the organic EL display panel 30e and the support layer
portion 50 are provided between the organic EL display
panel 30e and the support layer portion 50 integrated by the
seal member 60 exhibiting the flexibility. Thus, the support
layer portion 50 on the other surface side of the organic EL
display panel 30e is slidable on the other surface of the
organic EL display panel 30e. With this configuration, the
organic EL display panel 30e, the functional layer portion
40e, and the support layer portion 50 are mechanically
separated from each other, and each have the independent
neutral surfaces. Thus, even when the organic EL display
panel 30e, the functional layer portion 40e, and the support
layer portion 50 are stacked on each other, film rupturing and
irreversible deformation at each layer of the organic EL
display device 100e can be reduced.

[0100] (2) will be described in detail. The organic EL
display panel 30e, the functional layer portion 40e, and the
support layer portion 50 are integrated by the seal member
60 provided at the peripheral end portions of the organic EL
display panel 30e, the functional layer portion 40e, and the
support layer portion 50. Thus, in the organic EL display
device 100e, in a case where it is found that any one or two
of the organic EL display panel 30e, the functional layer
portion 40e, and the support layer portion 50 are defective
products, the seal member 60 is formed again after the seal
member 60 has been removed to replace the defective
products, and in this manner, the organic EL display device
100e can be reworked.

[0101] (6) The functional layer portion 40e includes only
the hard coating layer, and therefore, the neutral surface of
the functional layer portion 40e is formed only by the hard
coating layer. Thus, even when the functional layer portion
40¢ (the hard coating layer) is thickened for improving
abrasion resistance and pencil hardness of the surface of the
organic EL display device 100e, film rupturing at the func-
tional layer portion 40e can be reduced.
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Other Embodiments

[0102] In each of the above-described embodiments, the
organic EL display device including the organic EL display
panel has been described by way of example. However, the
present invention is also applicable to, e.g., a liquid crystal
device including a liquid crystal display panel.

[0103] Moreover, in each of the above-described embodi-
ments, the organic EL display device configured such that
the spacers (and the transparent liquid) are arranged between
the organic EL display panel and each of the functional layer
portion and the support layer portion has been described by
way of example. However, the present invention is also
applicable to an organic EL display device configured such
that only transparent liquid is arranged between an organic
EL display panel and each of a functional layer portion and
a support layer portion and the functional layer portion and
the support layer portion are slidable on the organic EL
display panel.

[0104] Further, in each of the above-described embodi-
ments, the organic EL display devices 100a to 100e have
been described by way of example. However, the present
invention also is freely applicable to a combination of the
multilayer structures of the organic EL display devices 100a
to 100e described by way of example.

[0105] Inaddition, in each of the above-described embodi-
ments, the organic EL layer having the five-layer multilayer
structure of the electron hole injection layer, the electron
hole transport layer, the light emission layer, the electron
transport layer, and the electron injection layer has been
described by way of example. However, the organic EL
layer may have, for example, a three-layer multilayer struc-
ture of an electron-hole-injection-plus-electron-hole-trans-
port layer, a light emission layer, and an electron-transport-
plus-electron-injection layer.

[0106] Moreover, in each of the above-described embodi-
ments, the organic EL display device configured such that
the first electrode is the anode and the second electrode is the
cathode has been described by way of example. However,
the present invention is also applicable to such an organic
EL display device that a multilayer structure of an organic
EL layer is inverted such that a first electrode is a cathode
and a second electrode is an anode.

[0107] Further, in each of the above-described embodi-
ments, the organic EL display device configured such that
the electrode of the TFT connected to the first electrode is
the drain electrode has been described by way of example.
However, the present invention is also applicable to an
organic EL display device configured such that an electrode
of a TFT connected to a first electrode is called a source
electrode.

INDUSTRIAL APPLICABILITY

[0108] As described above, the present invention is useful
for a flexible organic EL display device.

DESCRIPTION OF REFERENCE CHARACTERS

[0109] 30, 30e Organic EL Display Panel

[0110] 31 Polarization Plate (Functional Layer)
[0111] 33 Touch Panel (Functional Layer)

[0112] 35 Hard Coating Layer (Functional Layer)
[0113] 40, 404, 40e Functional Layer Portion
[0114] 45, 45a to 45¢ First Spacer

[0115] 46, 56 Transparent Liquid
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[0116] 47 Third Spacer (Other Spacers)

[0117] 48 Fourth Spacer (Other Spacers)

[0118] 50 Support Layer Portion

[0119] 55, 554 to 55¢ Second Spacer

[0120] 60 Seal Member

[0121] 100a to 100e Organic El Display Device

1: An organic EL display device comprising:

an organic EL display panel exhibiting flexibility;

a functional layer portion provided to face the organic EL
display panel on one surface side thereof and exhibiting
flexibility; and

a support layer portion provided to face the organic EL
display panel on the other surface side thereof and
exhibiting flexibility,

wherein the functional layer portion is slidably provided
on one surface of the organic EL display panel, and

the support layer portion is slidably provided on the other
surface of the organic EL display panel.

2: The organic EL display device according to claim 1,

wherein

a first spacer movable on at least one surface of the
organic EL display panel and the functional layer
portion is provided between the organic EL display
panel and the functional layer portion,

a second spacer movable on at least one surface of the
organic EL display panel and the support layer portion
is provided between the organic EL display panel and
the support layer portion, and

the organic EL display panel, the functional layer portion,
and the support layer portion are integrated by a seal
member provided at each peripheral end portion of the
organic EL display panel, the functional layer portion,
and the support layer portion and exhibiting flexibility.

3: The organic EL display device according to claim 2,

wherein

at least one of a space between the organic EL display
panel and the functional layer portion or a space
between the organic EL display panel and the support
layer portion is filled with transparent liquid.

4: The organic EL display device according to claim 3,

wherein

a refractive index of the transparent liquid is identical to
that of the first spacer.

5: The organic EL display device according to claim 3,

wherein

the refractive index of the transparent liquid and the
refractive index of the first spacer are between a refrac-
tive index of a surface layer of the functional layer
portion on an organic EL display panel side and a
refractive index of a surface layer of the organic EL
display panel on a functional layer portion side.

6: The organic EL display device according to claim 2,

wherein
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at least one of the first spacer or the second spacer is
formed as a columnar body, and an axis of the columnar
body is arranged in parallel with a bending axis direc-
tion for bending the organic EL display panel, the
functional layer portion, and the support layer portion.
7. The organic EL display device according to claim 2,
wherein
at least one of the first spacer or the second spacer is
formed as a columnar body, and is provided in a state
in which a bottom surface of the columnar body stands,
in a fixed manner, on corresponding surfaces of the
organic EL display panel, the functional layer portion,
and the support layer portion.
8: The organic EL display device according to claim 1,
wherein
the functional layer portion includes at least one of a
polarization plate, a touch panel, and a hard coating
layer.
9: The organic EL display device according to claim 1,
wherein
the functional layer portion includes multiple functional
layers provided to face each other, and
among the multiple functional layers, a pair of adjacent
functional layers are slidably provided on each other.
10: The organic EL display device according to claim 9,
wherein
other spacers movable on at least one of a pair of surfaces
facing each other between the pair of functional layers
are provided between the pair of functional layers, and
the multiple functional layers are, together with the
organic EL display panel and the support layer portion,
integrated by a seal member provided at each periph-
eral end portion of the multiple functional layers and
exhibiting flexibility.
11: The organic EL display device according to claim 10,
wherein
the other spacers are formed as columnar bodies, and an
axis of each columnar body is arranged in parallel with
a bending axis direction for bending the multiple func-
tional layers.
12: The organic EL display device according to claim 10,
wherein
the other spacers are formed as columnar bodies, and each
spacer is provided in a state in which a bottom surface
of the columnar body stands, in a fixed manner, on
corresponding surfaces of the multiple functional lay-
ers.
13: The organic EL display device according to claim 9,
wherein
the multiple functional layers are a polarization plate, a
touch panel, and a hard coating layer provided in this
order from the organic EL display panel side.
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