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(57) ABSTRACT

Disclosed herein is an organic EL display device including:
abase resin substrate layer (10); an organic EL element layer
(20) provided on the base resin substrate layer (10); an
underlayer (29) provided on the organic EL element layer
(20); and a hard coat layer (30) provided on the underlayer
(29). A difference between a Martens hardness of the hard
coat layer (30) alone and a weighted average Martens
hardness of components of a stack layer by stress dispersion
coeflicients of the components is less than or equal to 79
N/mm?. The stack layer includes the base resin substrate
layer, the organic EL element layer, and the underlayer.
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ORGANIC EL DISPLAY DEVICE

TECHNICAL FIELD

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

BACKGROUND ART

[0002] Self-luminous organic EL display devices includ-
ing an organic electroluminescence (EL) element have
recently received attention, as display devices alternative to
liquid crystal display devices. As an organic EL display
device of this type, a repeatedly bendable organic EL display
device including a flexible resin substrate, and an organic EL
element and various films stacked on the resin substrate has
been proposed. Such a repeatedly bendable organic EL
display device has been proposed to include a hard coat layer
on its outermost surface so that even if a pressure is applied
to a display screen by, for example, a pencil, the display
screen is less likely to suffer from a permanent plastic
deformation (flaw).

[0003] For example, Patent Document 1 discloses an
optical stack including a triacetylcellulose substrate, and a
hard coat layer on one surface of the triacetylcellulose
substrate. The Martens hardness of a surface of the hard coat
layer, the Martens hardness of a central portion of a cross
section of the hard coat layer, and the Martens hardness of
a central portion of a cross section of the triacetylcellulose
substrate are each defined in a predetermined range.

CITATION LIST

Patent Documents

[0004] Patent Document 1: International Publication No.
WO 2012/026497

SUMMARY OF THE INVENTION

Technical Problem

[0005] Even if an organic EL display device includes a
hard coat layer on its outermost surface (its surface), an
increase in the pressure applied to the hard coat layer may
cause an underlayer under the hard coat layer to be plasti-
cally deformed, for example. This may cause the hard coat
layer on the outermost surface to suffer from a permanent
plastic deformation (flaw). This causes the reflection of
natural light entering a display screen or light emitted from
an organic EL element to scatter due to the flaw occurring on
the surface of the hard coat layer. This degrades the display
quality of the organic EL display device.

[0006] In view of the foregoing background, it is therefore
an object of the present invention to reduce the plastic
deformation of a hard coat layer forming a surface of an
organic EL display device.

Solution to the Problem

[0007] To achieve the above object, an organic EL display
device according to the present invention includes: a base
resin substrate layer; an organic EL element layer provided
on the base resin substrate layer; an underlayer provided on
the organic EL element layer; and a hard coat layer provided
on the underlayer. A difference between a Martens hardness
of the hard coat layer alone and a weighted average Martens

Nov. 22,2018

hardness of components of a stack layer by stress dispersion
coefficients of the components is less than or equal to 79
N/mn1?, the stack layer including the base resin substrate
layer, the organic EL element layer, and the underlayer.

Advantages of the Invention

[0008] According to the present invention, the difference
between the Martens hardness of a hard coat layer alone and
the weighted average Martens hardness of components of a
stack layer below the hard coat layer by stress dispersion
coeflicients of the components is less than or equal to 79
N/mm?. This can reduce plastic deformation of the hard coat
layer forming a surface of an organic EL display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a plan view showing a pixel structure of
an organic EL display device according to a first embodi-
ment of the present invention.

[0010] FIG. 2 is a cross-sectional view of the organic EL
display device taken along line II-IT shown in FIG. 1.

[0011] FIG. 3 is an equivalent circuit diagram of an
organic EL element layer forming part of the organic EL
display device according to the first embodiment of the
present invention.

[0012] FIG. 4 is a cross-sectional view of an organic EL
layer forming part of the organic EL display device accord-
ing to the first embodiment of the present invention.

[0013] FIG. 5 is a schematic diagram for explaining the
distance from a surface of a hard coat layer of the organic EL
display device according to the first embodiment of the
present invention, where the distance is used to determine a
stress dispersion coeflicient.

[0014] FIG. 6 is a table showing specific information on an
organic EL display device according to the first embodiment
of the present invention which was fabricated as a first
example.

[0015] FIG. 7 is a cross-sectional view of an organic EL
display device according to a second embodiment of the
present invention.

[0016] FIG. 8 is a table showing specific information on an
organic EL display device according to the second embodi-
ment of the present invention which was fabricated as a
second example.

[0017] FIG. 9 is a cross-sectional view of an organic EL.
display device according to a third embodiment of the
present invention.

[0018] FIG. 10 is a table showing specific information on
an organic EL display device according to the third embodi-
ment of the present invention which was fabricated as a third
example.

[0019] FIG. 11 is a cross-sectional view of an organic EL
display device according to a fourth embodiment of the
present invention.

[0020] FIG. 12 is a table showing specific information on
an organic EL display device according to the fourth
embodiment of the present invention which was fabricated
as a fourth example.

[0021] FIG. 13 is a cross-sectional view of an organic EL
display device according to a fifth embodiment of the
present invention.



US 2018/0337354 Al

[0022] FIG. 14 is a table showing specific information on
an organic EL display device according to the fifth embodi-
ment of the present invention which was fabricated as a fifth
example.

[0023] FIG. 15 is a table showing specific information on
an organic EL display device according to the fifth embodi-
ment of the present invention which was fabricated as a first
comparative example.

[0024] FIG. 16 is a table showing specific information on
an organic EL display device according to the fifth embodi-
ment of the present invention which was fabricated as a
second comparative example.

DESCRIPTION OF EMBODIMENTS

[0025] Embodiments of the present invention will now be
described in detail with reference to the drawings. Note that
the present invention is not limited to the following embodi-
ments.

First Embodiment

[0026] FIGS. 1 to 6 show an organic EL display device
according to a first embodiment of the present invention.
Here, FIG. 1 is a plan view showing a pixel structure of an
organic EL display device 100a according to this embodi-
ment. FIG. 2 is a cross-sectional view of the organic EL
display device 100a taken along line II-II shown in FIG. 1.
FIG. 3 is an equivalent circuit diagram of an organic EL
element layer 20 forming part of the organic EL display
device 100a. FIG. 4 is a cross-sectional view of an organic
EL layer 17 forming part of the organic EL display device
100a. FIG. 5 is a schematic diagram for explaining the
distance from a surface of a hard coat layer 30 of the organic
EL display device 100a, where the distance is used to
determine a stress dispersion coeflicient a. FIG. 6 is a table
showing specific information on an organic EL display
device 100a which was fabricated as a first example.
[0027] As shown in FIG. 2, the organic EL display device
100q includes, for example, a base resin substrate layer 10
made of a polyimide resin, a stress adjusting layer 8 pro-
vided on a lower surface of the base resin substrate layer 10
in this drawing, an organic EL element layer 20 provided on
an upper surface of the base resin substrate layer 10 in this
drawing, an underlayer 29 provided on the organic EL
element layer 20, and a hard coat layer 30 provided on the
underlayer 29. Here, a display region (not shown) of the
organic EL display device 100a includes a plurality of
sub-pixels P arranged in a matrix as shown in FIG. 1. As
shown in FIG. 1, some of the sub-pixels P in the display
region of the organic EL display device 100q has a red light
emission region Lr for displaying gradation of a red color,
other ones of the sub-pixels P has a green light emission
region Lg for displaying gradation of a green color, and still
other ones of the sub-pixels P has a blue light emission
region Lb for displaying gradation of a blue color. These
sub-pixels P are adjacent to one another. Note that the
display region of the organic EL display device 100a
includes pixels each including three adjacent sub-pixels P
having the red light emission region Lr, the green light
emission region Lg, and the blue light emission region Lb,
respectively.

[0028] The stress adjusting layer 8 is configured to control
the position of a bending stress neutral plane of the organic
EL display device 100a. Here, the stress adjusting layer 8 is

Nov. 22,2018

configured as a plastic film made of, for example, polyeth-
vlene terephthalate, polyethylene naphthalate, aramid,
(meth)acrylate, triacetylcellulose, or any other suitable
material. A first adhesive layer 9 is provided between the
base resin substrate layer 10 and the stress adjusting layer §.
The first adhesive layer 9 is, for example, a photo-curable
adhesive sheet, a UV-curable adhesive, a thermoset adhe-
sive, an epoxy adhesive, or a cyanoactylate instant adhesive.

[0029] As shown in FIGS. 1 and 3, the organic EL element
layer 20 includes a plurality of gate lines 11, a plurality of
source lines 124, and a plurality of power supply lines 125.
The gate lines 11 are provided on the base resin substrate
layer 10 to extend parallel to one another in a lateral
direction in these drawings. The source lines 12a are pro-
vided on the base resin substrate layer 10 to extend parallel
to one another in a longitudinal direction in these drawings.
The power supply lines 125 are provided on the base resin
substrate layer 10 to be adjacent to the source lines 12aq,
respectively, and to extend parallel to one another in the
longitudinal direction in these drawings. A moisture-proof
layer is provided between the base resin substrate layer 10
and a gate layer forming the gate lines 11 and other lines.
The moisture-proof layer is configured as a single-layer film,
such as a silicon nitride film, a silicon oxide film, or a silicon
oxynitride film, or a multilayer film of two or more of these
films.

[0030] As shown in FIG. 3, the organic EL element layer
20 further includes a plurality of first thin film transistors
(TFTs) 13a each provided for an associated one of the
sub-pixels P, a plurality of second TFTs 135 each provided
for an associated one of the sub-pixels P, and a plurality of
capacitors 13¢ each provided for an associated one of the
sub-pixels P. Here, each of the first TFTs 13a is connected
to an associated one of the gate lines 11 and an associated
one of the source lines 12a as shown in FIG. 3. Each of the
second TFTs 135 is connected to an associated one of the
first TFTs 13a and an associated one of the power supply
lines 126 as shown in FIG. 3. The first TFTs 134 and the
second TFTs 135 each include, for example, a gate electrode
provided on the base resin substrate layer 10 with the
moisture-proof layer interposed therebetween, a gate insu-
lating film covering the gate electrode, a semiconductor
layer provided on the gate insulating film to overlap with the
gate electrode, and source and drain electrodes provided on
the semiconductor layer to face each other. Each of the
capacitors 13c¢ is connected to an associated one of the first
TFTs 13a and an associated one of the power supply lines
1256 as shown in FIG. 3. The capacitors 13¢ each include, for
example, two electrodes and a gate insulating film. One of
the two electrodes is made of the same material as the gate
lines 11, and is formed at the same level as the gate line 11.
The other one of the two electrodes is made of the same
material as the source lines 12a, and is formed at the same
level as the source lines 12a. The gate insulating film is
provided between a pair of these electrodes. Note that the
first and second TFTs 134 and 136 configured as bottom gate
TFTs in this embodiment may be configured as top gate
TFTs.

[0031] As shown in FIG. 2, the organic EL element layer
20 further includes an interlayer insulating film 14, and a
plurality of first electrodes 15 provided, as anodes, on the
interlayer insulating film 14. The interlayer insulating film
14 substantially covers the first TFTs 13a (see FIG. 3), the
second TFTs 135, and the capacitors 13¢ (see FIG. 3). The
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first electrodes 15 are each provided for an associated one of
the sub-pixels P, and are each connected to an associated one
of the second TFTs 135. Here, as shown in FIG. 2, the
interlayer insulating film 14 covers each second TFT 1354,
except for a portion of the drain electrode of the second TFT
135, The interlayer insulation film 14 is made of, for
example, a photosensitive acrylic resin, a photosensitive
polyimide resin, a photosensitive polysiloxane resin, or any
other suitable material. The first electrodes 15 are arranged
in a matrix on the interlayer insulating film 14 such that each
first electrode 15 corresponds to an associated one of the
sub-pixels P. As shown in FIG. 2, the first electrode 15 of
each sub-pixel P is connected to the drain electrode of an
associated one of the second TFTs 135 via an associated one
of contact holes formed in the interlayer insulating film 14.
The first electrodes 15 function to inject holes (positive
holes) into an organic EL layer 17 described below. To
increase the efliciency in injecting positive holes into the
organic EL layer 17, the first electrodes 15 are preferably
made of a material having a high work function. Examples
of materials for the first electrodes 15 include metal mate-
rials such as silver (Ag), aluminum (Al), vanadium (V),
cobalt (Co), nickel (Ni), tungsten (W), gold (Au), calcium
(Ca), titanium (Ti), yttrium (Y), sodium (Na), ruthenium
(Ru), manganese (Mn), indium (In), magnesium (Mg),
lithium (L), and ytterbium (Yb). The first electrodes 15 may
also be made of an alloy of, for example, magnesium
(Mg)/copper (Cu), magnesium (Mg)/silver (Ag), sodium
(Na)/potassium (K), astatine (At)astatine dioxide (AtO,),
lithium (Li)/aluminum (Al), lithium (Li)/calcium (Ca)/alu-
minum (Al), or lithium fluoride (LiF)/calcium (Ca)/alumi-
num (Al). Furthermore, the material for the first electrodes
15 may also be a conductive oxide such as tin oxide (SnO),
zine oxide (Zn0O), indium tin oxide (ITO), and indium zinc
oxide (IZO), for example. Moreover, the first electrodes 15
may be multilayers containing the above materials, such as
ITO/Ag, 170/Ag, and 17Z0/Al. Examples of the materials
having a high work function, out of conductive oxides and
other suitable materials, include indium tin oxide (ITO) and
indium zinc oxide (IZO).

[0032] As shown in FIG. 2, the organic EL element layer
20 further includes an edge cover 16 formed in a grid pattern
to cover peripheral portions of the first electrodes 15, and an
organic EL layer 17 covering portions of the first electrodes
15 exposed from the edge cover 16. Examples of materials
for the edge cover 16 include an inorganic film of silicon
dioxide (Si0,), silicon nitride (SiNx, where x is a positive
number) such as Si;N,, and silicon oxynitride (SiNO), and
an organic film of (photosensitive) polyimide resin, (photo-
sensitive) acrylic resin, (photosensitive) polysiloxane resin,
and novolak resin. As shown in FIG. 4, the organic EL layer
17 includes a positive hole injection layer 1, a positive hole
transport layer 2, a light-emitting layer 3, an electron trans-
port layer 4, and an electron injection layer 5, which are
provided on the first electrodes 15 in this order.

[0033] The positive hole injection layer 1 is also called an
anode buffer layer, and functions to bring the energy levels
of the first electrodes 15 and the organic EL layer 17 closer
to each other and increase efficiency in injection of positive
holes from the first electrodes 15 into the organic EL layer
17. Here, examples of materials for the positive hole injec-
tion layer 1 include triazole derivatives, oxadiazole deriva-
tives, imidazole derivatives, polyarylalkane derivatives,
pyrazoline derivatives, phenylenediamine derivatives,
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oxazole derivatives, styrylanthracene derivatives, fluo-
renone derivatives, hydrazone derivatives, and stilbene
derivatives.

[0034] The positive hole transport layer 2 functions to
increase efficiency in transportation of positive holes from
the first electrodes 15 to the organic EL layer 17. Here,
examples of materials for the positive hole transport layer 2
include porphyrin derivatives, aromatic tertiary amine com-
pounds, styryl amine derivatives, polyvinylcarbazole, poly-
p-phenylene vinylene, polysilane, triazole derivatives,
oxadiazole derivatives, imidazole derivatives, polyarylal-
kane derivatives, pyrazoline derivatives, pyrazolone deriva-
tives, phenylenediamine derivatives, arylamine derivatives,
amine-substituted chalcone derivatives, oxazole derivatives,
styrylanthracene derivatives, fluorenone derivatives, hydra-
zone derivatives, stilbene derivatives, hydrogenated amor-
phous silicon, hydrogenated amorphous silicon carbide, zinc
sulfide, and zinc selenide.

[0035] When a voltage is applied from the first electrodes
15 and a second electrode 18 described below, positive holes
and electrons are injected from the first and second elec-
trodes 15 and 18 into the light-emitting layer 3, in which the
positive holes and the electrons are recombined with each
other. The light-emitting layer 3 is made of a material having
high luminous efficiency. Examples of materials for the
light-emitting layer 3 include metal oxinoid compounds
(8-hydroxyquinoline metal complexes), naphthalene deriva-
tives, anthracene derivatives, diphenylethylene derivatives,
vinylacetone derivatives, triphenylamine derivatives, buta-
diene derivatives, coumarin derivatives, benzoxazole
derivatives, oxadiazole derivatives, oxazole derivatives,
benzimidazole derivatives, thiadiazole derivatives, benzo-
thiazole derivatives, styryl derivatives, styrylamine deriva-
tives, bis(styryl)benzene derivatives, tris(styryl)benzene
derivatives, perylene derivatives, perinone derivatives,
aminopyrene derivatives, pyridine derivatives, rodamine
derivatives, acridine derivatives, phenoxazone, quinacri-
done derivatives, rubrene, poly-p-phenylene vinylene, and
polysilane.

[0036] The electron transport layer 4 functions to effi-
ciently move electrons to the light-emitting layer 3. Here,
examples of materials for the electron transport layer 4
includes, as organic compounds, oxadiazole derivatives,
triazole derivatives, benzoquinone derivatives, naphthoqui-
none derivatives, anthraquinone derivatives, tetracyanoan-
thraquinodimethane derivatives, diphenoquinone deriva-
tives, fluorenone derivatives, silole derivatives, and metal
oxinoid compounds.

[0037] Theelectron injection layer 5 functions to bring the
energy levels of the second electrode 18 and the organic EL
layer 17 closer to each other and increase efliciency in
injection of electron from the second electrode 18 into the
organic EL layer 17. This function contributes to reduction
in the drive voltage of the organic EL element 20. The
electron injection layer 5 may also be called a cathode buffer
layer. Here, examples of materials for the electron injection
layer 5 include inorganic alkaline compounds such as
lithium fluoride (LiF), magnesium fluoride (MgF,), calcium
fluoride (CaF,), strontium fluoride (SrF,), and barium fluo-
ride (BaF,), aluminum oxide (Al,O,), and strontium oxide
(SrO).

[0038] As shown in FIG. 2, the organic EL element layer
20 further includes the second electrode 18 provided as a
cathode to cover the organic EL layer 17 and the edge cover
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16, and a sealing film 19 covering the second electrode 18.
Here, the second electrode 18 functions to inject electrons
into the organic EL layers 17. To increase efficiency in
injecting electrons into the organic EL layer 17, the second
electrode 18 is preferably made of a material having a low
work function. Examples of materials for the second elec-
trode 18 include silver (Ag), aluminum (Al), vanadium (V),
cobalt (Co), nickel (Ni), tungsten (W), gold (Au), calcium
(Ca), titanium (Ti), yttrium (Y), sodium (Na), ruthenium
(Ru), manganese (Mn), indium (In), magnesium (Mg),
lithium (Li), and ytterbium (Yb). The second electrode 18
may also be made of, for example, an alloy of magnesium
(Mg)/copper (Cu), magnesium (Mg)/silver (Ag), sodium
(Na)/potassium (K), astatine (At)astatine dioxide (AtO,),
lithium (Li)Yaluminum (Al), lithium (Li)/calcium (Ca)/alu-
minum (Al), and lithium fluoride (LiF)/calcium (Ca)/alumi-
num (Al). The second electrode 18 may also be made of, for
example, a conductive oxide such as tin oxide (SnO), zinc
oxide (Zn0), indium tin oxide (ITO), and indium zinc oxide
(IZ0O). Moreover, the second electrode 18 may be multilay-
ers containing the above materials, such as ITO/Ag.
Examples of materials having a low work function include
magnesium (Mg), lithium (Li), magnesium (Mg)/copper
(Cu), magnesium (Mg)/silver (Ag), sodium (Na)/potassium
(K), lithium (Li)aluminum (Al), lithium (Li)/calcium (Ca)/
aluminum (Al), and lithium fluoride (LiF)/calcium (Ca)/
aluminum (Al). The sealing film 19 functions to protect the
organic EL layer 17 against moisture and oxygen. Examples
of materials for the sealing film 19 include inorganic mate-
rials such as silicon dioxide (SiO,), aluminum oxide
(A1,0,), silicon nitride (SiNx, where x is a positive number)
such as Si;N,, and silicon carbonitride (SiCN), and organic
materials such as acrylate, polyurea, parylene, polyimide,
and polyamide.

[0039] The underlayer 29 includes a second adhesive layer
21, a counter resin substrate layer 22, a third adhesive layer
23, a polarizing plate 24, a fourth adhesive layer 25, a touch
panel 26, a fifth adhesive layer 27, and a hard coat substrate
28, which are provided on the sealing film 19 in this order
as shown in FIG. 2.

[0040] The second adhesive layer 21 is, for example, a UV
post curable adhesive, a thermoset adhesive, an epoxy
adhesive, an acrylic adhesive, or a polyolefin adhesive.
[0041] The counter resin substrate layer 22 is configured
as a plastic film made of, for example, polyimide, polyeth-
ylene terephthalate, polyethylene naphthalate, aramid, or
(meth)acrylate.

[0042] Each of the third, fourth, and fifth adhesive layers
23, 25, and 27 is made of, for example, a photo-curable
adhesive sheet, a UV curable adhesive, a thermoset adhe-
sive, an epoxy adhesive, or a cyanoacrylate instant adhesive.
[0043] The polarizing plate 24 includes a polarizer layer
obtained by uniaxially stretching a polyvinyl alcohol film
that has adsorbed iodine, and a pair of protective films
sandwiching the polarizer layer, and contains, as the main
ingredient, triacetylcellulose forming the pair of the protec-
tive films.

[0044] The touch panel 26 includes, for example, a base
film, and a capacitive touch panel layer provided on the base
film, and contains, as the main ingredient, a plastic film
forming the base film. The plastic film is made of polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, (meth)acrylate, or any other suitable material. Here,
the touch panel layer includes a metal interconnect forming
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a grid pattern by patterning to detect a touched portion of the
touch panel. However, the amount of plastic deformation is
calculated without reflecting the touch panel layer, because
the metal interconnect has a high Young’s modulus, and has
a small thickness of 1 pm or less.

[0045] Thehard coat substrate 28 is configured as a plastic
film made of, for example, polyimide, polyethylene
terephthalate, polyethylene naphthalate, aramid, or (meth)
acrylate.

[0046] The hard coat layer 30 is made of, for example, a
UV curable organosilicon resin, a thermoset resin, an acrylic
resin, an urethane resin, or a polysiloxane resin.

[0047] The organic EL display device 100a having the
configuration is configured as follows. Specifically, in each
of the sub-pixels P, a gate signal is input through the gate line
11 to the first TFT 13a to turn the first TFT 13a on, a
predetermined voltage corresponding to a source signal is
written through the source line 124 into the gate electrode of
the second TFT 134 and the capacitor 13¢, and the magni-
tude of a current from the power supply line 124 is deter-
mined based on the gate voltage of the second TFT 134. The
determined current is supplied to the light-emitting layer 3
so that the light-emitting layer 3 emits light, thereby dis-
playing an image. In the organic EL display device 100q,
even if the first TFT 13a is turned off, the gate voltage of the
second TFT 135 is retained by the capacitor 13¢. Thus, the
light-emitting layer 3 keeps emitting light until the first TFT
13a receives a gate signal in a subsequent frame.

[0048] The organic EL display device 100a according to
this embodiment can be fabricated, for example, in the
following manner. Specifically, an organic EL element layer
20 is formed, by a known method, on a surface of a base
resin substrate layer 10 formed on a glass substrate, an
underlayer 29 and a hard coat layer 30 are stacked on the
organic EL element layer 20, and then a first adhesive layer
9 and a stress adjusting layer 8 are formed on the back
surface of the base resin substrate layer 10 from which the
glass substrate has been separated. Note that in the organic
EL display device 100q, the stress adjusting layer 8, the first
adhesive layer 9, the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 29 form a
stack layer Sa as shown in FIG. 2.

[0049] The organic EL display device 100a according to
this embodiment is configured such that the difference
between the Martens hardness HMh of the hard coat layer 30
alone and the weighted average Martens hardness HMa of
the components of the stack layer Sa by the stress dispersion
coeflicients o of the components is less than or equal to 79
N/mm?®. If the difference between the Martens hardness
HMh of the hard coat layer 30 alone and the weighted
average Martens hardness HMa of the components of the
stack layer Sa by their stress dispersion coeflicients o
exceeds 79 N/mm?, a semipermanent plastic deformation
(flaw) on a surface of the hard coat layer 30 tends to be
visually identified.

[0050] The Martens hardnesses HM of the components are
determined by F/(26.43 h?), where h is a maximum inden-
tation depth (mm) to which a Vickers indenter V (see FIG.
5) can be pressed against each component by nanoindenta-
tion (ISO 14577) under a load F of 3 mN to 6 mN (in each
of examples and comparative examples described below,
F=4 mN). The Young’s modulus E of each component,
described below, is determined by the indentation elasticity
modulus thereof measured by nanoindentation.
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[0051] The stress dispersion coefficient o of each compo-
nent for use to obtain the weighted average Martens hard-
ness is determined by the following formulae:

a=-1.5x1077x%+8.6x10°x?-1.7x10%x+1.45

where x is the distance (um) from a surface (an upper
surface) of the hard coat layer 30 remote from the underlayer
29 to the centerline of the component orthogonal to the
thickness direction, and is less than or equal to 300; and

a=0

where x is greater than 300. The distance x from the upper
surface of the hard coat layer 30 having a thickness d,, to the
centerline of the component orthogonal to the thickness
direction will now be described with reference to FIG. 5, for
example. The distance x, therefrom to the centerline of the
hard coat substrate 28 with a thickness d,, is equal to d,+d /2.
The distance x, therefrom to the centerline of the fifth
adhesive layer 27 with a thickness db is equal to d,+d,+d, /2.
[0052] The thickness d, Young’s modulus E, Martens
hardness HM, and stress dispersion coefficient ot of each of
components of a structure including a stack, such as the
organic EL element layer 20 or the underlayer 29, are
determined. The determined Martens hardnesses HM and
the determined stress dispersion coeflicients o are appropri-
ately substituted into the following formula for calculating
the weighted average Martens hardness, based on the mag-
nitude of the ratio d/E of the thickness d to the Young’s
modulus E.
HMa=(a HM +0,HMo+ . . . +a HM, )0 +0u+ . . .
+0,,)

[0053] Next, an experiment which was actually conducted

will be described.

[0054] An organic EL display device 100a configured as

indicated below was fabricated as an example of this

embodiment (a first example) (see the table shown in FIG.

6). The names and other features of materials described

below are the names and other features of corresponding

materials used to determine their actual thicknesses d,

Young’s moduli E, Martens hardnesses HM, and stress

dispersion coefficients a.

[0055] Stress Adjusting Layer 8: a polyethylene terephtha-

late film with a thickness of 10.0 um

[0056] First Adhesive Layer 9: an epoxy resin adhesive
with a thickness of 10.0 um (made by Alteco Co., Ltd.)

[0057] Base Resin Substrate Layer 10: a non-photosensi-
tive polyimide resin coating with a thickness of 10.0 pm
(PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)

[0058] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 pm, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0059] First TFT 13¢ and Other Transistors: A configura-
tion for a typical bottom gate TFT with a total thickness
of 0.3 um, which includes a wiring layer configured as a
Ti/Al/Ti or Al/Ti multilayer film (Young’s modulus: 200.0
GPa)

[0060] Interlayer Insulating Film 14: a photosensitive
acrylic resin with a thickness of 2.5 pm (Optomer (reg-
istered trademark) series made by JSR Corporation)

[0061] First Electrode 15: an ITO/Ag multilayer film with
a thickness of 0.1 pm, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)
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[0062] Edge Cover 16: a photosensitive acrylic resin with
a thickness of 1.5 um (Optomer (registered trademark)
series made by JSR Corporation)

[0063] Organic EL Layer 17: a configuration of a typical
organic EL element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0064] Second Flectrode 18: an Ag film with a thickness
of 0.1 um, formed by an evaporation method (Young’s
modulus: 200.0 GPa)

[0065] Sealing Film 19: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD (Young’s modulus: 80.0 GPa)

[0066] Second Adhesive Layer 21: a UV post curable
adhesive with a thickness of 5.0 um (Photorec (registered
trademark) E series made by SEKISUI CHEMICAL CO.,
LTD.)

[0067] Counter Resin Substrate Layer 22: an aramid film
with a thickness of 25.0 um Third Adhesive Layer 23: an
epoxy resin adhesive with a thickness of 5.0 pm (made by
Alteco Co., Ltd.)

[0068] Polarizing Plate 24: triacetylcellulose with a thick-
ness of 35.0 um

[0069] Fourth Adhesive Layer 25: an epoxy resin adhesive
with a thickness of 5.0 pm (made by Alteco Co., Ltd.)

[0070] Touch Panel 26: a polyethylene terephthalate film
with a thickness of 25.0 pm

[0071] Fifth Adhesive Layer 27: an epoxy resin adhesive
with a thickness of 5.0 pm (made by Alteco Co., Ltd.)

[0072] Hard Coat Substrate 28: a polyethylene terephtha-
late film with a thickness of 25.0 pm

[0073] Hard Coat Layer 30: a UV curable organosilicon
resin with a thickness of 10.0 um

Here, the Martens hardnesses HM and the indentation elas-

ticity moduli of the films and coatings were measured by

nanoindentation with each of the films with a thickness of 10

wm or more bonded onto a glass substrate and with each of

the coatings with a thickness of 10 um or more formed on

a glass substrate. The ratio d/E of each of the moisture-proof

layer, the first TFT 13a, other transistors, the first electrode

15, the organic EL layer 17, the second electrode 18, and the

sealing film 19 forming the organic EL element layer 20 is

less than or equal to Y100 of the sum total of these ratios d/E

(38.8 um/GPa). Thus, these ratios are omitted from the table

shown in FIG. 6, and the weighted average Martens hard-

ness HMa was calculated without reflecting these ratios.

[0074] In the fabricated organic EL display device 100q,

the difference between the Martens hardness HMh of the

hard coat layer 30 alone and the weighted average Martens
hardness HMa of the components of the stack layer Sa was

75 N/mm? as shown in the table in FIG. 6. Even after the

upper surface of the hard coat layer 30 was pressed under a

high pressure (e.g., 90 MPa), a semipermanent plastic defor-

mation (flaw) on the device surface (the surface of the hard
coat layer 30) was hardly visually identified.

[0075] As can be seen from the foregoing description, the

organic EL display device 100a of this embodiment can

provide the following advantages.

[0076] The difference between the Martens hardness HMh

of the hard coat layer 30 alone and the weighted average

Martens hardness HMa of the components of the stack layer

Sa, which includes the base resin substrate layer 10, the

organic EL element layer 20, and the underlayer 29, by the

stress dispersion coeflicients a of the components is less
than or equal to 79 N/mm?. This can reduce the plastic
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deformation of the hard coat layer 30 forming a surface of
the organic EL display device 100a. This reduces the degree
to which the reflection of natural light entering a display
screen of the organic EL display device 1004 or light emitted
from the organic EL element layer 20 scatters in the surface
of the hard coat layer 30. Thus, the display quality of the
organic EL display device 100a can be maintained.

Second Embodiment

[0077] FIGS. 7 and 8 show an organic EL display device
according to a second embodiment of the present invention.
Here, FIG. 7 is a cross-sectional view of an organic EL
display device 1005 according to this embodiment. FIG. 8 is
a table showing specific information on an organic EL
display device 1005 fabricated as a second example. In the
embodiments below, components equivalent to those shown
in FIGS. 1 to 6 are denoted by the same reference characters,
and the detailed explanation thereof will be omitted.
[0078] In the first embodiment, the organic EL display
device 100a including the polarizing plate 24 has been
exemplified. On the other hand, in this embodiment, an
organic EL display device 1005 including a color filter 32
instead of the polarizing plate 24 is exemplified.

[0079] As shown in FIG. 7, the organic EL display device
1005 includes a base resin substrate layer 10, a stress
adjusting layer 8 provided on a lower surface of the base
resin substrate layer 10 in this drawing, an organic EL
element layer 20 provided on an upper surface of the base
resin substrate layer 10 in this drawing, an underlayer 38
provided on the organic EL element layer 20, and a hard coat
layer 39 provided on the underlayer 38. Note that the
structure of each of pixels arranged in a display region of the
organic EL display device 1004 is substantially the same as
that of each of the pixels arranged in a display region of the
organic EL display device 100a of the first embodiment.
[0080] Theunderlayer 38 includes a second adhesive layer
31, a color filter 32, a counter resin substrate layer 33, a third
adhesive layer 34, a touch panel 35, a fourth adhesive layer
36, and a hard coat substrate 37, which are provided on the
sealing film 19 in this order as shown in FIG. 7.

[0081] The second adhesive layer 31 is, for example, a UV
post curable adhesive, a thermoset adhesive, an epoxy
adhesive, an acrylic adhesive, or a polyolefin adhesive.
[0082] The color filter 32 includes, for example, a black
matrix layer formed in a grid pattern, a plurality of color
resist layers, such as a red layer, a green layer, and a blue
layer, each corresponding to one of sub-pixels P, and an
overcoat layer covering the black matrix layer and the color
resist layers, and contains, as the main ingredient, a photo-
sensitive acrylic resin, a photosensitive polyimide resin, a
photosensitive polysiloxane resin, or any other suitable
material. The color filter 32 is formed on the counter resin
substrate layer 33.

[0083] The counter resin substrate layer 33 is configured
as a plastic film made of, for example, polyimide, polyeth-
ylene terephthalate, polyethylene naphthalate, aramid, or
(meth)acrylate.

[0084] The third and fourth adhesive layers 34 and 36 are
made of, for example, a photo-curable adhesive sheet, a UV
curable adhesive, a thermoset adhesive, an epoxy adhesive,
or a cyanoacrylate instant adhesive.

[0085] The touch panel 35 includes, for example, a base
film, and a capacitive touch panel layer provided on the base
film, and contains, as the main ingredient, a plastic film
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forming the base film. The plastic film is made of polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, (meth)acrylate, or any other suitable material.
[0086] Thehard coat substrate 37 is configured as a plastic
film made of, for example, polyimide, polyethylene
terephthalate, polyethylene naphthalate, aramid, or (meth)
acrylate.

[0087] The hard coat layer 39 is made of, for example, a
UV curable organosilicon resin, a thermoset resin, an acrylic
resin, an urethane resin, or a polysiloxane resin.

[0088] Just like the organic EL display device 100a of the
first embodiment, the organic EL display device 1005 hav-
ing the configuration displays an image when a light-
emitting layer 3 appropriately emits light in each of the
sub-pixels P. The organic EL display device 100a of the first
embodiment does not include a color filter (32), and thus
includes a light-emitting layer 3 emitting light with three
colors, ie., RGB. A region of the light-emitting layer 3
corresponding to each of the sub-pixels P emits light with
one of the three colors. However, since the organic EL
display device 1005 of this embodiment includes the color
filter 32, the organic EL display device 1005 includes a
light-emitting layer 3 emitting white light in all of the
sub-pixels P.

[0089] The organic EL display device 1006 of this
embodiment can be fabricated through appropriate modifi-
cation of the method for fabricating the organic EL display
device 100a of the first embodiment. Note that in the organic
EL display device 1005, the stress adjusting layer 8, the first
adhesive layer 9. the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 38 form a
stack layer Sb as shown in FIG. 7.

[0090] The organic EL display device 1005 according to
this embodiment is configured such that the difference
between the Martens hardness HMh of the hard coat layer 39
alone and the weighted average Martens hardness HMa of
the components of the stack layer Sb by the stress dispersion
coeflicients o of the components is less than or equal to 79
N/mm?. If the difference between the Martens hardness
HMh of the hard coat layer 39 alone and the weighted
average Martens hardness HMa of the components of the
stack layer Sb by the stress dispersion coeflicients o exceeds
79 N/mm?®, a semipermanent plastic deformation (flaw) on a
surface of the hard coat layer 39 tends to be visually
identified.

[0091] The stress dispersion coefficient o of each compo-
nent for use to calculate the weighted average Martens
hardness is determined by the following formulae.

a=-1.5x107"x>+8.6%x10 x>~ 1.7x10x+1.45

where x is the distance (um) from a surface (an upper
surface) of the hard coat layer 39 remote from the underlayer
38 to the centerline of the component orthogonal to the
thickness direction, and is less than or equal to 300; and

a=0

where x is greater than 300.

[0092] The thickness d, Young’s modulus E, Martens
hardness HM, and stress dispersion coeflicient a of each of
components of a structure including a stack, such as the
organic EL element layer 20 or the underlayer 38, are
determined. The determined Martens hardness HM and
stress dispersion coefficient o are appropriately substituted
into the following formula for calculating the weighted
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average Martens hardness, based on the magnitude of the
ratio d/E of the thickness d to the Young’s modulus E.

HMa=(0 M +0,HM+ . . . +0, M )0 +0+ . . .
+0,,)

[0093] Next, an experiment which was actually conducted

will be described.

[0094] An organic EL display device 1005 configured as

indicated below was fabricated as an example of this

embodiment (a second example) (see the table shown in

FIG. 8). The names and other features of materials described

below are the names and other features of corresponding

materials used to determine their actual thicknesses d,

Young’s moduli E, Martens hardnesses HM, and stress

dispersion coefficients a.

[0095] Stress Adjusting Layer 8: a polyethylene terephtha-

late film with a thickness of 10.0 um

[0096] First Adhesive Layer 9: an epoxy resin adhesive
with a thickness of 10.0 pm (made by Alteco Co., Ltd.)

[0097] Base Resin Substrate Layer 10: a non-photosensi-
tive polyimide resin coating with a thickness of 10.0 pm
(PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)

[0098] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 pm, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0099] First TFT 13¢ and Other Transistors: A configura-
tion for a typical bottom gate TFT with a total thickness
of 0.3 um, which includes a wiring layer configured as a
Ti/Al/Ti or Al/Ti multilayer film (Young’s modulus: 200.0
GPa)

[0100] Interlayer Insulating Film 14: a photosensitive
acrylic resin with a thickness of 2.5 pm (Optomer (reg-
istered trademark) series made by JSR Corporation)

[0101] First Electrode 15: an ITO/Ag multilayer film with
a thickness of 0.1 pm, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0102] Edge Cover 16: a photosensitive acrylic resin with
a thickness of 1.5 pm (Optomer (registered trademark)
series made by JSR Corporation)

[0103] Organic EL Layer 17: a configuration of a typical
organic EL. element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0104] Second Flectrode 18: an Ag film with a thickness
of 0.1 pm, formed by an evaporation method (Young’s
modulus: 200.0 GPa)

[0105] Sealing Film 19: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD (Young’s modulus: 80.0 GPa)

[0106] Second Adhesive Layer 31: a UV post curable
adhesive with a thickness of 15.0 um (Photorec (regis-
tered trademark) E series made by SEKISUI CHEMICAL
CO, LTD.)

[0107] Color Filter 32: a photosensitive color filter resin
with a thickness of 5.0 um (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0108] Counter Resin Substrate Layer 33: a non-photo-
sensitive polyimide resin coating with a thickness of 10.0
um (PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)

[0109] Third Adhesive Layer 34: an epoxy resin adhesive
with a thickness of 5.0 pm (made by Alteco Co., Ltd.)
[0110] Touch Panel 35: a polyethylene terephthalate film

with a thickness of 25.0 um
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[0111] Fourth Adhesive Layer 36: an epoxy resin adhesive
with a thickness of 5.0 pm (made by Alteco Co., Ltd.)
[0112] Hard Coat Substrate 37: a polyethylene terephtha-

late film with a thickness of 25.0 um Hard Coat Layer 39:

a UV curable organosilicon resin with a thickness of 10.0

pm
The ratio d/E of each of the moisture-proof layer, the first
TFT 134, other transistors, the first electrode 15, the organic
EL layer 17, the second electrode 18, and the sealing film 19
forming the organic EL element layer 20 is less than or equal
to Yioo of the sum total of these ratios d/E (28.7 um/GPa).
Thus, these ratios are omitted from the table shown in FIG.
8, and the weighted average Martens hardness HMa was
calculated without reflecting these ratios.
[0113] In the fabricated organic EL display device 1004,
the difference between the Martens hardness HMh of the
hard coat layer 39 alone and the weighted average Martens
hardness HMa of the components of the stack layer Sb was
59 N/mm? as shown in the table in FIG. 8. Even after the
upper surface of the hard coat layer 39 was pressed under a
high pressure (e.g., 90 MPa), a semipermanent plastic defor-
mation (flaw) on the device surface (the surface of the hard
coat layer 39) was hardly visually identified.
[0114] As can be seen, the organic EL display device 1005
of this embodiment can provide the following advantages.
[0115] The difference between the Martens hardness HMh
of the hard coat layer 39 alone and the weighted average
Martens hardness HMa of the components of the stack layer
Sb, which includes the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 38, by the
stress dispersion coeflicients o of the components is less
than or equal to 79 N/mm?. This can reduce plastic defor-
mation of the hard coat layer 39 forming the surface of the
organic EL display device 1005. This reduces the degree to
which the reflection of natural light entering a display screen
of the organic EL display device 1005 or light emitted from
the organic EL element layer 20 scatters in the surface of the
hard coat layer 39. Thus, the display quality of the organic
EL display device 1005 can be maintained.

Third Embodiment

[0116] FIGS. 9 and 10 show an organic EL display device
according to a third embodiment of the present invention.
Here, FIG. 9 is a cross-sectional view of an organic EL
display device 100c¢ according to this embodiment. FIG. 10
is a table showing specific information on the organic EL
display device 100¢ fabricated as a third example.

[0117] In the first and second embodiments, the organic
EL display devices 100a and 1005 including the counter
resin substrate layers 22 and 33, respectively, have been
exemplified. On the other hand, in this embodiment, the
organic EL display device 100¢ that does not include a
counter resin substrate layer is exemplified.

[0118] As shown in FIG. 9, the organic EL display device
100¢ includes a base resin substrate layer 10, a stress
adjusting layer 8 provided on a lower surface of the base
resin substrate layer 10 in this drawing, an organic EL
element layer 20 provided on an upper surface of the base
resin substrate layer 10 in this drawing, an underlayer 46
provided on the organic EL element layer 20, and a hard coat
layer 47 provided on the underlayer 46. Note that the
structure of each of pixels arranged in a display region of the
organic EL display device 100c¢ is substantially the same as
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that of each of the pixels arranged in a display region of the
organic EL display device 100a of the first embodiment.

[0119] Theunderlayer 46 includes a second adhesive layer
41, a color filter 42, a touch panel 43, a third adhesive layer
44, and a hard coat substrate 45, which are provided on the
sealing film 19 in this order as shown in FIG. 9.

[0120] The second adhesive layer 41 is, for example, a UV
post curable adhesive, a thermoset adhesive, an epoxy
adhesive, an acrylic adhesive, or a polyolefin adhesive.

[0121] The color filter 42 includes, for example, a black
matrix layer formed in a grid pattern, a plurality of color
resist layers, such as a red layer, a green layer, and a blue
layer, each corresponding to one of the sub-pixels P, and an
overcoat layer covering the black matrix layer and the color
resist layers, and contains, as the main ingredient, a photo-
sensitive acrylic resin, a photosensitive polyimide resin, a
photosensitive polysiloxane resin, or any other suitable
material. The color filter 42 is formed on the touch panel 43.

[0122] The touch panel 43 includes, for example, a base
film, and a capacitive touch panel layer provided on the base
film, and contains, as the main ingredient, a plastic film
forming the base film. The plastic film is made of polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, (meth)acrylate, or any other suitable material.

[0123] The third adhesive layer 44 is made of, for
example, a photo-curable adhesive sheet, a UV curable
adhesive, a thermoset adhesive, an epoxy adhesive, or a
cyanoacrylate instant adhesive.

[0124] The hard coat substrate 45 is configured as a plastic
film made of, for example, polyimide, polyethylene
terephthalate, polyethylene naphthalate, aramid, or (meth)
acrylate.

[0125] The hard coat layer 47 is made of, for example, a
UV curable organosilicon resin, a thermoset resin, an acrylic
resin, an urethane resin, or a polysiloxane resin.

[0126] Just like the organic EL display device 100a of the
first embodiment, the organic EL display device 100¢ con-
figured as described above displays an image when the
light-emitting layer 3 appropriately emits light in each of the
sub-pixels P.

[0127] The organic EL display device 100c of this
embodiment can be fabricated through appropriate modifi-
cation of the method for fabricating the organic EL display
device 100a of the first embodiment. Note that in the organic
EL display device 100¢, the stress adjusting layer 8, the first
adhesive layer 9, the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 46 form a
stack layer Sc as shown in FIG. 9.

[0128] The organic EL display device 100¢ according to
this embodiment is configured such that the difference
between the Martens hardness HMh of the hard coat layer 47
alone and the weighted average Martens hardness HMa of
the components of the stack layer Sc by the stress dispersion
coeflicients o of the components is less than or equal to 79
N/mm?. If the difference between the Martens hardness
HMh of the hard coat layer 47 alone and the weighted
average Martens hardness HMa of the components of the
stack layer Sc by the stress dispersion coeflicients o exceeds
79 N/mm?, a semipermanent plastic deformation (flaw) on a
surface of the hard coat layer 47 tends to be visually
identified.
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[0129] The stress dispersion coefficient o of each compo-
nent for use to calculate the weighted average Martens
hardness is determined by the following formulae.

a=-1.5x1077x3+8.6x102x?-1.7x10%x+1.45

where x is the distance (um) from a surface (an upper
surface) of the hard coat layer 47 remote from the underlayer
46 to the centerline of the component orthogonal to the
thickness direction, and is less than or equal to 300; and

a=0

where x is greater than 300.

[0130] The thickness d, Young’s modulus E, Martens
hardness HM, and stress dispersion coeflicient o of each of
components of a structure including a stack, such as the
organic EL element layer 20 or the underlayer 46, are
determined. The determined Martens hardness HM and
stress dispersion coefficient o are appropriately substituted
into the following formula for calculating the weighted
average Martens hardness, based on the magnitude of the
ratio d/E of the thickness d to the Young’s modulus E.

HMa=(a HM +0,HM+ . . . +o HM n)/(a +o+ . .
L +Q,)

[0131] Next, an experiment which was actually conducted

will be described.

[0132] An organic EL display device 100¢ configured as

indicated below was fabricated as an example of this

embodiment (a third example) (see the table shown in FIG.

10). The names and other features of materials described

below are the names and other features of corresponding

materials used to determine their actual thicknesses d,

Young’s moduli E, Martens hardnesses HM, and stress

dispersion coeflicients a.

[0133] Stress Adjusting Layer 8: a polyethylene terephtha-

late film with a thickness of 10.0 um

[0134] First Adhesive Layer 9: an epoxy resin adhesive
with a thickness of 10.0 pm (made by Alteco Co., Ltd.)

[0135] Base Resin Substrate Layer 10: a non-photosensi-
tive polyimide resin coating with a thickness of 10.0 pm
(PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)

[0136] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 um, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0137] First TFT 13¢ and Other Transistors: A configura-
tion for a typical bottom gate TFT with a total thickness
of 0.3 um, which includes a wiring layer configured as a
Ti/AVTi or A/Ti multilayer film (Young’s modulus: 200.0
GPa)

[0138] Interlayer Insulating Film 14: a photosensitive
acrylic resin with a thickness of 2.5 um (Optomer (reg-
istered trademark) series made by JSR Corporation)

[0139] First Electrode 15: an ITO/Ag multilayer film with
a thickness of 0.1 um, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0140] Edge Cover 16: a photosensitive acrylic resin with
a thickness of 1.5 um (Optomer (registered trademark)
series made by JSR Corporation)

[0141] Organic EL Layer 17: a configuration of a typical
organic EL element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0142] Second Flectrode 18: an Ag film with a thickness
of 0.1 pm, formed by an evaporation method (Young’s
modulus: 200.0 GPa)
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[0143] Sealing Film 19: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD (Young’s modulus: 80.0 GPa)

[0144] Second Adhesive Layer 41: a UV post curable
adhesive with a thickness of 5.0 um (Photorec (registered
trademark) E series made by SEKISUI CHEMICAL CO.,
LTD.)

[0145] Color Filter 42: a photosensitive color filter resin
with a thickness of 5.0 um (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0146] Touch Panel 43: an aramid film with a thickness of
25.0 um
[0147] Third Adhesive Layer 44: an epoxy resin adhesive

with a thickness of 5.0 pm (made by Alteco Co., Ltd.)
[0148] Hard Coat Substrate 45: a polyethylene terephtha-

late film with a thickness of 25.0 pm
[0149] Hard Coat Layer 47: a UV curable organosilicon

resin with a thickness of 10.0 um
The ratio d/E of each of the moisture-proof layer, the first
TFT 13a, other transistors, the first electrode 15, the organic
EL layer 17, the second electrode 18, and the sealing film 19
forming the organic EL element layer 20 is less than or equal
to Yioo of the sum total of these ratios d/E (23.1 w/GPa).
Thus, these ratios are omitted from the table shown in FIG.
10, and the weighted average Martens hardness HMa was
calculated without reflecting these ratios.
[0150] In the fabricated organic EL display device 100c,
the difference between the Martens hardness HMh of the
hard coat layer 47 alone and the weighted average Martens
hardness HMa of the components of the stack layer Sc was
58 N/mm* as shown in the table in FIG. 10. Even after the
upper surface of the hard coat layer 47 was pressed under a
high pressure (e.g., 90 MPa), a semipermanent plastic defor-
mation (flaw) on the device surface (the surface of the hard
coat layer 47) was hardly visually identified.
[0151] As can be seen, the organic EL display device 100¢
of this embodiment can provide the following advantages.
[0152] The difference between the Martens hardness HMh
of the hard coat layer 47 alone and the weighted average
Martens hardness HMa of the components of the stack layer
Sc, which includes the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 46, by the
stress dispersion coeflicients ¢ of the components is less
than or equal to 79 N/mm?®. This can reduce plastic defor-
mation of the hard coat layer 47 forming the surface of the
organic EL display device 100c. This reduces the degree to
which the reflection of natural light entering a display screen
of the organic EL display device 100¢ or light emitted from
the organic EL element layer 20 scatters in the surface of the
hard coat layer 47. Thus, the display quality of the organic
EL display device 100¢ can be maintained.
[0153] In the organic EL display device 100¢, the touch
panel 43 serves also as the counter resin substrate layers 22
and 33 of the first and second embodiments. This can reduce
the thickness of the organic EL display device 100c, the
costs of components, and manufacturing cost.

Fourth Embodiment

[0154] FIGS. 11 and 12 show an organic EL display device
according to a fourth embodiment of the present invention.
Here, FIG. 11 is a cross-sectional view of an organic EL
display device 100d according to this embodiment. FIG. 12
is a table showing specific information on the organic EL
display device 1004 fabricated as a fourth example.
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[0155] 1In the second embodiment, the organic EL display
device 1005 including the touch panel 35 provided on a side
of the counter resin substrate layer 33 remote from the resin
substrate layer 10 has been exemplified. On the other hand,
in this embodiment, the organic EL display device 1004
including a touch panel 52 provided between a base resin
substrate layer 10 and a counter resin substrate layer 54 is
exemplified.

[0156] As shown in FIG. 11, the organic EL display device
1004 includes the base resin substrate layer 10, a stress
adjusting layer 8 provided on a lower surface of the base
resin substrate layer 10 in this drawing, an organic EL
element layer 20 provided on an upper surface of the base
resin substrate layer 10 in this drawing, an underlayer 57
provided on the organic EL element layer 20, and a hard coat
layer 58 provided on the underlayer 57. Note that the
structure of each of pixels arranged in a display region of the
organic EL display device 1004 is substantially the same as
that of each of the pixels arranged in a display region of the
organic EL display device 100a of the first embodiment.
[0157] Theunderlayer 57 includes a second adhesive layer
51, the touch panel 52, a color filter 53, the counter resin
substrate layer 54, a third adhesive layer 55, and a hard coat
substrate 56, which are provided on a sealing film 19 in this
order as shown in FIG. 11.

[0158] The second adhesive layer 51 is, for example, a UV
post curable adhesive, a thermoset adhesive, an epoxy
adhesive, an acrylic adhesive, or a polyolefin adhesive.
[0159] The touch panel 52 includes, for example, a base
film, and a capacitive touch panel layer provided on the base
film, and contains, as the main ingredient, a plastic film
forming the base film. The plastic film is made of polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, (meth)acrylate, or any other suitable material.
[0160] The color filter 53 includes, for example, a black
matrix layer formed in a grid pattern, a plurality of color
resist layers, such as a red layer, a green layer, and a blue
layer, each corresponding to one of the sub-pixels P, and an
overcoat layer covering the black matrix layer and the color
resist layers, and contains, as the main ingredient, a photo-
sensitive acrylic resin, a photosensitive polyimide resin, a
photosensitive polysiloxane resin, or any other suitable
material.

[0161] The counter resin substrate layer 54 is configured
as a plastic film made of, for example, polyimide, polyeth-
vlene terephthalate, polyethylene naphthalate, aramid, or
(meth)acrylate.

[0162] The third adhesive layer 55 is made of, for
example, a photo-curable adhesive sheet, a UV curable
adhesive, a thermoset adhesive, an epoxy adhesive, or a
cyanoacrylate instant adhesive.

[0163] Thehard coat substrate 56 is configured as a plastic
film made of, for example, polyimide, polyethylene
terephthalate, polyethylene naphthalate, aramid, or (meth)
acrylate.

[0164] The hard coat layer 58 is made of, for example, a
UV curable organosilicon resin, a thermoset resin, an acrylic
resin, an urethane resin, or a polysiloxane resin.

[0165] Just like the organic EL display device 100a of the
first embodiment, the organic EL display device 1004 con-
figured as described above displays an image when the
light-emitting layer 3 appropriately emits light in each of the
sub-pixels P.
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[0166] The organic EL display device 100d of this
embodiment can be fabricated through appropriate modifi-
cation of the method for fabricating the organic EL display
device 100a of the first embodiment. Note that in the organic
EL display device 1004, the stress adjusting layer 8, the first
adhesive layer 9, the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 57 form a
stack layer Sd as shown in FIG. 11.

[0167] The organic EL display device 1004 according to
this embodiment is configured such that the difference
between the Martens hardness HMh of the hard coat layer 58
alone and the weighted average Martens hardness HMa of
the components of the stack layer Sd by the stress dispersion
coeflicients o of the components is less than or equal to 79
N/mm®. If the difference between the Martens hardness
HMh of the hard coat layer 58 alone and the weighted
average Martens hardness HMa of the components of the
stack layer Sd by the stress dispersion coeflicients o exceeds
79 N/mm?, a semipermanent plastic deformation (flaw) on a
surface of the hard coat layer 58 tends to be visually
identified.

[0168] The stress dispersion coefficient ot of each compo-
nent for use to calculate the weighted average Martens
hardness is determined by the following formulae.

a=1.5x107"x*+8.6x107°x%~1.7x 107 2x+1.45

where x is the distance (um) from a surface (an upper
surface) of the hard coat layer 58 remote from the underlayer
57 to the centerline of the component orthogonal to the
thickness direction, and is less than or equal to 300; and

a=0

where x is greater than 300.

[0169] The thickness d, Young’s modulus E, Martens
hardness HM, and stress dispersion coefficient o of each of
components of a structure including a stack, such as the
organic EL element layer 20 or the underlayer 57, are
determined. The determined Martens hardness HM and
stress dispersion coeflicient o are appropriately substituted
into the following formula for calculating the weighted
average Martens hardness, based on the magnitude of the
ratio d/E of the thickness d to the Young’s modulus E.

HMa=(o HM +0HMo+ . . .+, A M)/(0+00+ . . .
+01,,)

[0170] Next, an experiment which was actually conducted
will be described.

[0171] An organic EL display device 1004 configured as
indicated below was fabricated as an example of this
embodiment (a fourth example) (see the table shown in FIG.
12). The names and other features of materials described
below are the names and other features of corresponding
materials used to determine their actual thicknesses d,
Young’s moduli E, Martens hardnesses HM, and stress
dispersion coefficients a.

[0172] Stress Adjusting Layer 8: a polyethylene terephtha-
late film with a thickness of 10.0 um

[0173] First Adhesive Layer 9: an epoxy resin adhesive
with a thickness of 10.0 um (made by Alteco Co., Ltd.)

[0174] Base Resin Substrate Layer 10: a non-photosensi-
tive polyimide resin coating with a thickness of 10.0 pm
(PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)
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[0175] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 um, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0176] First TFT 13a and Other Transistors: A configura-
tion for a typical bottom gate TFT with a total thickness
of 0.3 um, which includes a wiring layer configured as a
Ti/AVTi or AU/Ti multilayer film (Young’s modulus: 200.0
GPa)

[0177] Interlayer Insulating Film 14: a photosensitive
acrylic resin with a thickness of 2.5 um (Optomer (reg-
istered trademark) series made by JSR Corporation)

[0178] First Electrode 15: an ITO/Ag multilayer film with
a thickness of 0.1 um, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0179] Edge Cover 16: a photosensitive acrylic resin with
a thickness of 1.5 pm (Optomer (registered trademark)
series made by JSR Corporation)

[0180] Organic EL Layer 17: a configuration of a typical
organic EL, element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0181] Second FElectrode 18: an Ag film with a thickness
of 0.1 pm, formed by an evaporation method (Young’s
modulus: 200.0 GPa)

[0182] Sealing Film 19: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD (Young’s modulus: 80.0 GPa)

[0183] Second Adhesive Layer 51: a UV post curable
adhesive with a thickness of 5.0 pm (Photorec (registered
trademark) E series made by SEKISUI CHEMICAL CO.,
LTD.)

[0184] Touch Panel 52: a photosensitive acrylic resin with
a thickness of 15.0 um (Optomer (registered trademark)
series made by JSR Corporation)

[0185] Color Filter 53: a photosensitive color filter resin
with a thickness of 5.0 pum (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0186] Counter Resin Substrate Layer 54: a non-photo-
sensitive polyimide resin coating with a thickness of 10.0
um (PIQ (registered trademark) series made by Hitachi
Chemical DuPont Microsystems Ltd)

[0187] Third Adhesive Layer 55: an epoxy resin adhesive
with a thickness of 5.0 pm (made by Alteco Co., Ltd.)
[0188] Hard Coat Substrate 56: a polyethylene terephtha-

late film with a thickness of 25.0 um

[0189] Hard Coat Layer 58: a UV curable organosilicon
resin with a thickness of 10.0 um

The ratio d/E of each of the moisture-proof layer, the first

TFT 134, other transistors, the first electrode 15, the organic

EL layer 17, the second electrode 18, and the sealing film 19

forming the organic EL element layer 20 is less than or equal

to Yioo of the sum total of these ratios d/E (24.2 um/GPa).

Thus, these ratios are omitted from the table shown in FIG.

12, and the weighted average Martens hardness HMa was

calculated without reflecting these ratios.

[0190] In the fabricated organic EL display device 1004,

the difference between the Martens hardness HMh of the

hard coat layer 58 alone and the weighted average Martens
hardness HMa of the components of the stack layer Sd was

65 N/mm? as shown in the table in FIG. 12. Even after the

upper surface of the hard coat layer 58 was pressed under a

high pressure (e.g., 90 MPa), a semipermanent plastic defor-

mation (flaw) on the device surface (the surface of the hard
coat layer 58) was hardly visually identified.
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[0191] As can be seen, the organic EL display device 1004
of this embodiment can provide the following advantages.
[0192] The difference between the Martens hardness HMh
of the hard coat layer 58 alone and the weighted average
Martens hardness HMa of the components of the stack layer
Sd, which includes the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 57, by the
stress dispersion coefficients o of the components is less
than or equal to 79 N/mm?. This can reduce plastic defor-
mation of the hard coat layer 58 forming the surface of the
organic EL display device 100d. This reduces the degree to
which the reflection of natural light entering a display screen
of the organic EL display device 1004 or light emitted from
the organic EL element layer 20 scatters in the surface of the
hard coat layer 58. Thus, the display quality of the organic
EL display device 1004 can be maintained.

[0193] The organic EL display device 1004 includes the
touch panel 52 provided between the base resin substrate
layer 10 and the counter resin substrate layer 54. This allows
the touch panel 52 and the color filter 53 to be formed
together on the counter resin substrate layer 54, and can
reduce manufacturing cost.

Fifth Embodiment

[0194] FIGS. 13 to 16 show an organic EL display device
according to a fifth embodiment of the present invention.
Here, FIG. 13 is a cross-sectional view of an organic EL
display device 100e according to this embodiment. FIG. 14
is a table showing specific information on the organic EL
display device 100e fabricated as a fifth example. FIG. 15 is
a table showing specific information on a first comparative
example of the organic EL display device 100e. FIG. 16 is
a table showing specific information on a second compara-
tive example of the organic EL display device 100e.
[0195] In the first through fourth embodiments, the
organic EL display devices 1004 through 1004 each includ-
ing the stress adjusting layer 8 provided on the back surface
of the base resin substrate layer 10 have been exemplified.
On the other hand, in this embodiment, the organic EL
display device 100e that does not include a stress adjusting
layer is exemplified.

[0196] As shown in FIG. 13, the organic EL display device
100e includes the base resin substrate layer 10, an organic
EL element layer 20 provided on an upper surface of the
base resin substrate layer 10 in this drawing, an underlayer
64 provided on the organic EL element layer 20, and a hard
coat layer 65 provided on the underlayer 64. Note that the
structure of each of pixels arranged in a display region of the
organic EL display device 100e is substantially the same as
that of each of the pixels arranged in a display region of the
organic EL display device 100a of the first embodiment.
[0197] The underlayer 64 includes an adhesive layer 61, a
color filter 62, and a touch panel 63, which are provided on
a sealing film 19 in this order as shown in FIG. 13.

[0198] The adhesive layer 61 is, for example, a UV post
curable adhesive, a thermoset adhesive, an epoxy adhesive,
an acrylic adhesive, or a polyolefin adhesive.

[0199] The color filter 62 includes, for example, a black
matrix layer formed in a grid pattern, a plurality of color
resist layers, such as a red layer, a green layer, and a blue
layer, each corresponding to one of the sub-pixels P, and an
overcoat layer covering the black matrix layer and the color
resist layers, and contains, as the main ingredient, a photo-
sensitive acrylic resin, a photosensitive polyimide resin, a
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photosensitive polysiloxane resin, or any other suitable
material. The color filter 62 is bonded onto the touch panel
63.

[0200] The touch panel 63 includes, for example, a base
film, and a capacitive touch panel layer provided on the base
film, and contains, as the main ingredient, a plastic film
forming the base film. The plastic film is made of polyimide,
polyethylene terephthalate, polyethylene naphthalate,
aramid, (meth)acrylate, or any other suitable material.
[0201] The hard coat layer 65 is made of, for example, a
UV curable organosilicon resin, a thermoset resin, an acrylic
resin, an urethane resin, or a polysiloxane resin.

[0202] Just like the organic EL display device 100a of the
first embodiment, the organic EL display device 100e con-
figured as described above displays an image when the
light-emitting layer 3 appropriately emits light in each of the
sub-pixels P.

[0203] The organic EL display device 100e of this
embodiment can be fabricated through appropriate modifi-
cation of the method for fabricating the organic EL display
device 100q of the first embodiment. Note that in the organic
EL display device 100, the stress adjusting layer 8, the first
adhesive layer 9, the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 64 form a
stack layer Se as shown in FIG. 13.

[0204] The organic EL display device 100e according to
this embodiment is configured such that the difference
between the Martens hardness HMh of the hard coat layer 65
alone and the weighted average Martens hardness HMa of
the components of the stack layer Se by the stress dispersion
coeflicients o of the components is less than or equal to 79
N/mm?. If the difference between the Martens hardness
HMh of the hard coat layer 65 alone and the weighted
average Martens hardness HMa of the components of the
stack layer Se by the stress dispersion coeflicients o exceeds
79 N/mm?, a semipermanent plastic deformation (flaw) on a
surface of the hard coat layer 65 tends to be visually
identified.

[0205] The stress dispersion coefficient o of each compo-
nent for use to calculate the weighted average Martens
hardness is determined by the following formulae.

a=-1.5x1077%3+8.6x102x%~ 1.7 10 2x+1.45

where x is the distance (um) from a surface (an upper
surface) of the hard coat layer 65 remote from the underlayer
64 to the centerline of the component orthogonal to the
thickness direction, and is less than or equal to 300; and

a=0

where x is greater than 300.

[0206] The thickness d, Young’s modulus E, Martens
hardness HM, and stress dispersion coeflicient o of each of
components of a structure including a stack, such as the
organic EL element layer 20 or the underlayer 64, are
determined. The determined Martens hardness HM and
stress dispersion coefficient o are appropriately substituted
into the following formula for calculating the weighted
average Martens hardness, based on the magnitude of the
ratio d/E of the thickness d to the Young’s modulus E.

HMa=(o, HM +0,HM+ . . . +0, HM, ) 0 +00+ . ..
+0,)

[0207] Next, an experiment which was actually conducted
will be described.
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[0208] An organic EL display device 100e configured as
indicated below was fabricated as an example of this
embodiment (a fifth example) (see the table shown in FIG.
14). The names and other features of materials described
below are the names and other features of corresponding
materials used to determine their actual thicknesses d,
Young’s moduli E, Martens hardnesses HM, and stress
dispersion coefficients a.

[0209] Base Resin Substrate Layer 10: a non-photosensi-

tive polyimide resin coating with a thickness of 10.0 pm

(PIQ (registered trademark) series made by Hitachi Chemi-

cal DuPont Microsystems Ltd)

[0210] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 pm, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0211] First TFT 13¢ and Other Transistors: A configura-
tion for a typical bottom gate TFT with a total thickness
of 0.3 pm, which includes a wiring layer configured as a
Ti/Al/Ti or Al/Ti multilayer film (Young’s modulus: 200.0
GPa)

[0212] Interlayer Insulating Film 14: a photosensitive
acrylic resin with a thickness of 2.5 pm (Optomer (reg-
istered trademark) series made by JSR Corporation)

[0213] First Electrode 15: an ITO/Ag multilayer film with
a thickness of 0.1 pm, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0214] Edge Cover 16: a photosensitive acrylic resin with
a thickness of 1.5 pm (Optomer (registered trademark)
series made by JSR Corporation)

[0215] Organic EL Layer 17: a configuration of a typical
organic EL element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0216] Second Flectrode 18: an Ag film with a thickness
of 0.1 um, formed by an evaporation method (Young’s
modulus: 200.0 GPa)

[0217] Sealing Film 19: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD (Young’s modulus: 80.0 GPa)

[0218] Adhesive Layer 61: a UV post curable adhesive
with a thickness of 15.0 pm (Photorec (registered trade-
mark) E series made by SEKISUI CHEMICAL CO.,
LTD.)

[0219] Color Filter 62: a photosensitive color filter resin
with a thickness of 5.0 um (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0220] Touch Panel 63: a non-photosensitive polyimide
resin coating with a thickness of 12.0 um (PI1Q (registered
trademark) series made by Hitachi Chemical DuPont
Microsystems Ltd)

[0221] Hard Coat Layer 65: a UV curable organosilicon
resin with a thickness of 10.0 um

The ratio d/E of each of the moisture-proof layer, the first

TFT 13a, other transistors, the first electrode 15, the organic

EL layer 17, the second electrode 18, and the sealing film 19

forming the organic EL element layer 20 is less than or equal

to Yioo of the sum total of these ratios d/E (10.1 pny/GPa).

Thus, these ratios are omitted from the table shown in FIG.

14, and the weighted average Martens hardness HMa was

calculated without reflecting these ratios.

[0222] In the fabricated organic EL display device 100e,

the difference between the Martens hardness HMh of the

hard coat layer 65 alone and the weighted average Martens
hardness HMa of the components of the stack layer Se was

35 N/mm? as shown in the table in FIG. 14. Even after the
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upper surface of the hard coat layer 65 was pressed under a

high pressure (e.g., 90 MPa), a semipermanent plastic defor-

mation (flaw) on the device surface (the surface of the hard
coat layer 65) was hardly visually identified.

[0223] An organic EL display device corresponding to the

organic EL display device 100e and configured as indicated

below was fabricated as a first comparative example of this
embodiment (see the table shown in FIG. 15). The names
and other features of materials described below are the
names and other features of corresponding materials used to

determine their actual thicknesses d, Young’s moduli E,

Martens hardnesses HM, and stress dispersion coeflicients

a.

[0224] Base Resin Substrate Layer: a non-photosensitive

polyimide resin coating with a thickness of 10.0 um (PIQ

(registered trademark) series made by Hitachi Chemical

DuPont Microsystems Ltd)

[0225] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 um, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0226] First TFTs and Other Transistors: A configuration
for a typical bottom gate TFT with a total thickness 0 0.3
um, which includes a wiring layer configured as a Ti/Al/Ti
or Al/Ti multilayer film (Young’s modulus: 200.0 GPa)

[0227] Interlayer Insulating Film: a photosensitive acrylic
resin with a thickness of 2.5 um (Optomer (registered
trademark) series made by JSR Corporation)

[0228] First Electrode: an 1TO/Ag multilayer film with a
thickness of 0.1 pm, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0229] Edge Cover: a photosensitive acrylic resin with a
thickness of 1.5 um (Optomer (registered trademark)
series made by JSR Corporation)

[0230] Organic EL Layer: a configuration of a typical
organic EL element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0231] Second Electrode: an Ag film formed by an evapo-
ration method and having a thickness of 0.1 um (Young’s
modulus: 200.0 GPa)

[0232] Sealing Film: a silicon nitride film with a thickness
of 3.0 um, formed by low-temperature plasma CVD
(Young’s modulus: 80.0 GPa)

[0233] Adhesive Layer: a UV post curable adhesive with
a thickness of 15.0 um (Photorec (registered trademark) E
series made by SEKISUI CHEMICAL CO., LTD.)

[0234] Color Filter: a photosensitive color filter resin with
a thickness of 5.0 um (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0235] Counter Resin Substrate Layer Corresponding to
Touch Panel: a non-photosensitive polyimide resin coat-
ing with a thickness of 12.0 pm (PIQ (registered trade-
mark) series made by Hitachi Chemical DuPont Micro-
systems Ltd)

[0236] Hard Coat Layer: a UV curable inorganic-organic
composite resin with a thickness of 10.0 pm (Compobrid
HUV series made by ATOMIX CO., LTD.)

The ratio d/E of each of the moisture-proof layer, the first
TFT, other transistors, the first electrode, the organic EL
layer, the second electrode, and the sealing film forming the
organic EL element layer is less than or equal to Yoo of the
sum total of these ratios d/E (10.1 pm/GPa). Thus, these
ratios are omitted from the table shown in FIG. 15, and the
weighted average Martens hardness HMa was calculated
without reflecting these ratios.
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[0237] 1In the fabricated organic EL display device, the
difference between the Martens hardness HMh of the hard
coat layer alone and the weighted average Martens hardness
HMa of the components of the stack layer was 365 N/mm?>
as shown in the table in FIG. 15. After the upper surface of
the hard coat layer was pressed under a high pressure (e.g.,
90 MPa), a semipermanent plastic deformation (flaw) on the
device surface (the surface of the hard coat layer) was
visually identified.

[0238] An organic EL display device corresponding to the

organic EL display device 100e and configured as indicated

below was fabricated as a second comparative example of
this embodiment (see the table shown in FIG. 16). The
names and other features of materials described below are
the names and other features of corresponding materials
used to determine their actual thicknesses d, Young’s moduli

E, Martens hardnesses HM, and stress dispersion coefli-

cients c.

[0239] Base Resin Substrate Layer: a non-photosensitive

polyimide resin coating with a thickness of 10.0 pm (PIQ

(registered trademark) series made by Hitachi Chemical

DuPont Microsystems Ltd)

[0240] Moisture-Proof Layer: a silicon nitride film with a
thickness of 1.0 pm, formed by plasma CVD (chemical
vapor deposition) (Young’s modulus: 240.0 GPa)

[0241] First TFTs and Other Transistors: A configuration
for a typical bottom gate TFT with a total thickness 0f 0.3
um, which includes a wiring layer configured as a Ti/Al/Ti
or AI/Ti multilayer film (Young’s modulus: 200.0 GPa)

[0242] Interlayer Insulating Film: a photosensitive acrylic
resin with a thickness of 2.5 pm (Optomer (registered
trademark) series made by JSR Corporation)

[0243] First Electrode: an ITO/Ag multilayer film with a
thickness of 0.1 pm, formed by a typical TFT process
(Young’s modulus: 200.0 GPa)

[0244] Edge Cover: a photosensitive acrylic resin with a
thickness of 1.5 pm (Optomer (registered trademark)
series made by JSR Corporation)

[0245] Organic EL Layer: a configuration of a typical
organic EL. element with a total thickness of 0.2 pm
(Young’s modulus: 2.0 GPa)

[0246] Second Electrode: an Ag film formed by an evapo-
ration method and having a thickness of 0.1 pm (Young’s
modulus: 200.0 GPa)

[0247] Sealing Film: a silicon nitride film with a thickness
of 3.0 pm, formed by low-temperature plasma CVD
(Young’s modulus: 80.0 GPa)

[0248] Adhesive Layer: a UV post curable adhesive with
a thickness of 15.0 um (Photorec (registered trademark) E
series made by SEKISUI CHEMICAL CO., LTD.)

[0249] Color Filter: a photosensitive color filter resin with
a thickness of 5.0 um (COLOR MOSAIC (registered
trademark) series made by Fujifilm Corporation)

[0250] Counter Resin Substrate Layer Corresponding to
Touch Panel: a non-photosensitive polyimide resin coat-
ing with a thickness of 12.0 um (PIQ (registered trade-
mark) series made by Hitachi Chemical DuPont Micro-
systems Ltd)

[0251] Hard Coat Layer: a silicon nitride film with a
thickness of 3.0 um, formed by low-temperature plasma
CVD

The ratio d/E of each of the moisture-proof layer, the first

TFT, other transistors, the first electrode, the organic EL

layer, the second electrode, and the sealing film forming the
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organic EL element layer is less than or equal to Yoo of the
sum total of these ratios I/E (9.1 um/GPa). Thus, these ratios
are omitted from the table shown in FIG. 16, and the
weighted average Martens hardness HMa was calculated
without reflecting these ratios.

[0252] In the fabricated organic EL display device, the
difference between the Martens hardness HMh of the hard
coat layer alone and the weighted average Martens hardness
HMa of the components of the stack layer was 1545 N/mm?>
as shown in the table in FIG. 16. After the upper surface of
the hard coat layer was pressed under a high pressure (e.g.,
90 MPa), a semipermanent plastic deformation (flaw) on the
device surface (the surface of the hard coat layer) was
visually identified.

[0253] As can be seen, the organic EL display device 100e
of this embodiment can provide the following advantages.
[0254] The difference between the Martens hardness HMh
of the hard coat layer 65 alone and the weighted average
Martens hardness HMa of the components of the stack layer
Se, which includes the base resin substrate layer 10, the
organic EL element layer 20, and the underlayer 64, by the
stress dispersion coeflicients o of the components is less
than or equal to 79 N/mm®. This can reduce plastic defor-
mation of the hard coat layer 65 forming the surface of the
organic EL display device 100e. This reduces the degree to
which the reflection of natural light entering a display screen
of the organic EL display device 100e or light emitted from
the organic EL element layer 20 scatters in the surface of the
hard coat layer 65. Thus, the display quality of the organic
EL display device 100e can be maintained.

[0255] A counter resin substrate layer and a stress adjust-
ing layer are omitted from the organic EL display device
100e, and the hard coat layer 65 is configured as a single
layer. This can reduce the thickness of the organic EL
display device 100e, the costs of the components, and
manufacturing cost.

Other Embodiments

[0256] In each of the above embodiments, the organic EL
layer has been exemplified as a layer having a stacked
structure of the five layers, namely, the positive hole injec-
tion layer, a positive hole transport layer, the light-emitting
layer, the electron transport layer, and the electron injection
layer. Alternatively, the organic EL layer may have a stacked
structure of three layers including a positive hole injection
and transport layer, a light-emitting layer, and an electron
transport and injection layer, for example.

[0257] In each of the above embodiments, the organic EL
display device in which the first electrode functions as the
anode and the second electrode functions as the cathode has
been exemplified. Alternatively, the present invention is
applicable to an organic EL display device in which the
stacked structure of the organic EL element is inverted, the
first electrode functions as the cathode, and the second
electrode functions as the anode.

[0258] In each of the above embodiments, the organic EL
display device including the TFT having, as the drain
electrode, an electrode connected to the first electrode has
been exemplified. Alternatively, the present invention is
applicable to an organic EL display device including the
TFT having an electrode connected to the first electrode and
called a source electrode.

[0259] In the above embodiments, the organic EL display
devices 100a to 100¢ have been exemplified. Alternatively,
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the present invention is applicable to an organic EL display
device including any combination of two or more of the
stacks of the exemplified organic EL display devices 100a to
100e.

INDUSTRIAL APPLICABILITY

[0260] As can be seen from the foregoing description, the
present invention is useful for a flexible organic EL display
device.

DESCRIPTION OF REFERENCE CHARACTERS

[0261] Sa to Se Stack Layer

[0262] V Vickers Indenter

[0263] 8 Stress Adjusting Layer

[0264] 10 Base Resin Substrate Layer

[0265] 20 Organic EL Element Layer

[0266] 22, 33, 54 Counter Resin Substrate Layer
[0267] 24 Polarizing Plate

[0268] 26, 35, 43, 52, 63 Touch Panel

[0269] 29, 38, 46, 57, 64 Underlayer

[0270] 30, 39, 47, 58, 65 Hard Coat Layer
[0271] 32, 42, 53, 62 Color Filter

[0272] 100a to 100e Organic EL Display Device

1. An organic EL display device comprising:

a base resin substrate layer;

an organic EL element layer provided on the base resin
substrate layer;

an underlayer provided on the organic EL element layer;
and

a hard coat layer provided on the underlayer, wherein

a difference between a Martens hardness of the hard coat
layer alone and a weighted average Martens hardness
of components of a stack layer by stress dispersion
coeflicients of the components is less than or equal to
79 N/mn1?, the stack layer including the base resin
substrate layer, the organic EL element layer, and the
underlayer.
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2. The device of claim 1, wherein

a stress adjusting layer is provided on a side of the base
resin substrate layer remote from the organic EL ele-
ment layer, and

the stack layer includes the stress adjusting layer.

3. The device of claim 1, wherein

the Martens hardness of the hard coat layer alone and
Martens hardnesses of the components are each defined
by F/(26.43 h?), where h is a maximum indentation
depth (mm) to which a Vickers indenter can be pressed
against an associated one of the hard coat layer and the
components by nanoindentation under a load F of 3 mN
to 6 mN,

the stress dispersion coefficient o of each component is
determined by the following formulae:

a=-1.5x1077x3+8.6x102x?-1.7x10%x+1.45

where x is a distance (um) from a surface of the hard coat
layer remote from the underlayer to a centerline of the
component orthogonal to a thickness direction, and is less
than or equal to 300; and

a=0

where x is greater than 300.

4. The device of claim 1, wherein

the underlayer includes a polarizing plate.

5. The device of claim 1, wherein

the underlayer includes a color filter.

6. The device of claim 5, wherein

the underlayer includes a counter resin substrate layer
facing the base resin substrate layer, and a touch panel
bonded to the counter resin substrate layer.

7. The device of claim 5, wherein

the underlayer includes a counter resin substrate layer
facing the base resin substrate layer, and a touch panel
provided between the counter resin substrate layer and
the base resin substrate layer.

8. The device of claim 5, wherein

the underlayer includes a touch panel including the color
filter facing the base resin substrate layer.
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