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(57) ABSTRACT

An EL display device in which the adhesion between a
substrate and a sealing film is increased and in which the
occurrence of cracks in the sealing film is reduced is
provided. A lower inorganic film (31) has a multilayer
structure including a first inorganic layer (34), which is in
contact with the substrate and an EL element, and a second
inorganic layer (35). The absolute value of the film stress of
the first inorganic layer (34) is less than the absolute value
of the film stress of the second inorganic layer (35), and the
film thickness of the first inorganic layer (34) is less than the
film thickness of the second inorganic layer (35).
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EL DISPLAY DEVICE AND METHOD FOR
MANUFACTURING EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an EL display
device and a method for manufacturing the EL display
device.

BACKGROUND ART

[0002] EL display devices, which use a light emitting
material that exhibits electroluminescence (hereinafter
abbreviated as “EL”), have been attracting attention as
display devices having a higher response speed and wider
viewing angle than liquid crystal display devices.

[0003] An EL display device includes, for example, a TEFT
substrate, which is obtained by forming thin film transistors
(TFTs) on a base made of a glass substrate or the like, and
an EL element provided on the TFT substrate so as to be
connected to the TFTs.

[0004] However, the EL element is generally easily
affected by moisture, oxygen, etc., and reaction with a small
amount of moisture or oxygen causes deterioration in their
characteristics and reduction in lifespan of the display
device.

[0005] Accordingly, a technology for preventing moisture
and oxygen from entering the EL element by, for example,
forming a sealing film on the EL element so as to seal the EL
element has been known.

[0006] The sealing film may be formed by, for example,
vapor deposition. The thicker the sealing film, the greater the
blocking effect for preventing moisture and oxygen from
entering the EL element. However, when the film thickness
of the sealing film is increased, the film stress of the sealing
film increases, and there is a risk of film separation, that is,
a risk that the sealing film will be separated from the TFT
substrate. There is also a risk that cracks will be formed in
the sealing film when an external force is applied to the EL
display device.

[0007] When the separation of the sealing film occurs or
when cracks are formed in the sealing film, moisture,
oxygen, etc., may enter the EL element through the sepa-
rated or cracked portion and cause a light emission failure
that causes, for example, dark spots or shrinkage.

[0008] PTL 1 describes a light emitting device in which an
inorganic insulating film, which is provided on an organic
EL element and serves as a sealing film, a stress absorbing
film containing an organic compound, and an inorganic
insulating film are arranged in that order. In the light
emitting device described in PTL 1, the stress absorbing
film, which has a stress less than those of the two inorganic
insulating films, is disposed between the inorganic insulat-
ing films. Accordingly, the film stresses of the inorganic
insulating films are absorbed, and separation of the inorganic
insulating films is prevented.

[0009] PTL 2 discloses a gas barrier film including a SiOx
thin film formed on a base film. A compressive residual
strain is applied to the thin film to increase the breaking
strain of the SiOx thin film and reduce the occurrence of
cracks.

[0010] PTL 3 describes an organic EL display device in
which a buffer layer is provided on a resin film, and in which
TFTs, an organic EL element, and a sealing film are formed
on the buffer layer in that order by, for example, vacuum
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deposition. The buffer layer of the organic EL display device
according to PTL 3 has a multilayer structure in which a
compressive stress layer composed of an inorganic film, a
tensile stress layer, and a compressive stress layer are
stacked in that order. The compressive stress layers and the
tensile stress layer cancel each other’s stresses, and thereby
reduce the occurrence of cracks in the TFTs.

CITATION LIST

Patent Literature

[0011] PTL 1: Japanese Unexamined Patent Application
Publication No. 2004-95551 (published Mar. 25, 2004)
[0012] PTL 2: Japanese Patent No. 4196440 (registered
Oct. 10, 2008)

[0013] PTL 3: Japanese Patent No. 5448960 (registered
Jan. 10, 2014)

SUMMARY OF INVENTION

Technical Problem

[0014] In the light emitting device according to PTL 1, as
the thickness of the inorganic insulating film provided on the
EL element increases, the moisture resistance increases so
that moisture can be more reliably prevented from entering
the EL element. However, when the thickness of the inor-
ganic insulating film is increased, the adhesion between the
inorganic insulating film and the EL element is reduced due
to the influence of the compressive stress of the inorganic
insulating film. The light emitting device according to PTL
1 is not capable of increasing the moisture resistance and the
adhesion of the inorganic insulating film at the same time.
[0015] In the gas barrier film according to PTL 2, the
adhesion between the SiOx thin film and the base film is not
taken into consideration. Therefore, when the technology
described in PTL 2 is used to form the sealing film of the EL
display device, there is a risk that the adhesion between the
sealing film and the TFT substrate will be reduced and the
sealing film will be separated from the TFT substrate.
[0016] In the organic EL display device according to PTL
3, the adhesion between the buffer layer and the resin film
is not taken into consideration. Therefore, when the tech-
nology described in PTL 3 is used to form the sealing film
of the EL display device, there is a risk that the adhesion
between the sealing film and the TFT substrate will be
reduced and the sealing film will be separated from the TFT
substrate.

[0017] The present invention has been made in light of the
above-described problems, and its object is to provide an EL
display device in which the adhesion between a substrate
and a sealing film is increased and in which the occurrence
of cracks in the sealing film is reduced, and to provide a
method for manufacturing the EL display device.

Solution to Problem

[0018] To solve the above-described problem, an EL dis-
play device according to an aspect of the present invention
includes an EL element formed on a substrate and a sealing
film formed on the substrate and the EL element so as to seal
the EL element between the sealing film and the substrate.
The sealing film includes a first inorganic film. The first
inorganic film has a multilayer structure including a first
layer and a second layer, the first layer being in contact with
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the substrate and the EL element, the second layer being
formed on the first layer. An absolute value of a film stress
of the first layer is less than an absolute value of a film stress
of the second layer, and a film thickness of the first layer is
less than a film thickness of the second layer.

[0019] Also, to solve the above-described problem, a
method for manufacturing an EL display device according to
an aspect of the present invention, which is a method for
manufacturing an EL display device including an EL ele-
ment formed on a substrate and a sealing film formed on the
substrate and the EL element so as to seal the EL element
between the sealing film and the substrate, the sealing film
including a first inorganic film, includes forming the first
inorganic film. The first inorganic film has a multilayer
structure including a first layer and a second layer. The first
layer is in contact with the substrate and the FL element. The
second layer is formed on the first layer. In the forming, the
first inorganic film is formed so that an absolute value of a
film stress of the first layer is less than an absolute value of
a film stress of the second layer, and that a film thickness of
the first layer is less than a film thickness of the second layer.

Advantageous Effects of Invention

[0020] According to an aspect of the present invention, an
EL display device in which the adhesion between a substrate
and a sealing film is increased and in which the occurrence
of cracks in the sealing film is reduced, and a method for
manufacturing the EL display device can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1is a sectional view illustrating the structure
of a second electrode and a sealing film included in an
organic EL display device according to a first embodiment
of the present invention.

[0022] FIG. 2(a) is a sectional view illustrating an exem-
plary overall structure of the organic EL display device
according to the first embodiment of the present invention,
and FIG. 2(b) is a plan view illustrating the overall structure
of sub-pixels of the organic EL display device illustrated in
FIG. 2(a).

[0023] FIG. 3(a) is a sectional view illustrating the struc-
ture of a second electrode and a sealing film included in an
organic EL display device according to the related art, and
FIG. 3(b) is a sectional view illustrating the structure of the
second electrode and the sealing film included in the organic
EL display device according to the related art in a bent state.

[0024] FIG. 4(a) is a table showing the results of a tensile
test, and FIG. 4(b) is a graph showing the results of the
tensile test.

[0025]

[0026] FIG. 6 is a sectional view illustrating the structure
of a second electrode and a sealing film included in an
organic EL display device according to a second embodi-
ment of the present invention.

[0027] FIG. 7 is a sectional view illustrating the structure
of a second electrode and a sealing film included in an
organic EL display device according to a third embodiment
of the present invention.

[0028] FIG. 81s a sectional view illustrating an exemplary
overall structure of an organic EL display device according
to a fourth embodiment of the present invention.

FIG. 5 is a table showing the results of a Ca test.
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[0029] FIG. 9 is a sectional view of a portion of the
organic EL display device according to the fourth embodi-
ment of the present invention.

[0030] FIGS. 10(a) to 10(c) are sectional views of portions
of organic EL display devices according to modifications of
the fourth embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0031] An embodiment of the present invention will here-
inafter be described in detail with reference to FIG. 1 to
FIGS. 5(a) and 5(5).

[0032] An organic EL display device will be described as
an example of an EL display device.

<Qverall Structure of Organic EL Display Device>

[0033] FIG. 2(a) is a sectional view illustrating an exem-
plary overall structure of an organic EL display device
according to the present embodiment. FIG. 2(b) is a plan
view illustrating the overall structure of sub-pixels of the
organic EL display device illustrated in FIG. 2(a).

[0034] As illustrated in FIG. 2(a), an organic EL display
device 100 (EL display device) includes an organic EL
element 20 (EL element) and a sealing film 30, which are
arranged on a thin film transistor (TFT) substrate 10 in that
order from the TFT substrate 10.

[0035] The TFT substrate 10 includes an insulating base 1
(substrate) made of, for example, a glass substrate or a
plastic film. TFTs 2, signal lines 3, and an interlayer insu-
lating film 4 are provided on the base 1.

[0036] The signal lines 3 include a plurality of gate lines,
a plurality of source lines, and a plurality of power supply
lines. The signal lines 3 are arranged to form a grid, and
sub-pixels 14 of respective colors are disposed in the cells of
the grid. For example, red (R), green (G), and blue (B)
sub-pixels 14 form a single pixel.

[0037] Each sub-pixel 14 is provided with a TFT 2. Each
TFT 2 is connected to the signal lines 3. The sub-pixels to
which a signal is to be input are selected by using the gate
lines, and the amount of charge to be input to the selected
sub-pixels is set by using the source lines. A current is
supplied to the organic EL element 20 through the power
supply lines.

[0038] The TFTs 2 and the signal lines 3 are covered with
the interlayer insulating film 4. The interlayer insulating film
4 may be made of, for example, an insulating material, such
as an acrylic resin or polyimide resin. The thickness of the
interlayer insulating film 4 is not particularly limited as long
as the interlayer insulating film 4 has an even surface above
the steps between the top surfaces of the TFTs 2 and the
signal lines 3.

[0039] The organic EL element 20 is formed of a first
electrode (anode), an organic EL layer 22, and a second
electrode 23 (cathode).

[0040] The first electrode 21 is formed on the interlayer
insulating film 4. The first electrode 21 injects (supplies)
positive holes into the organic EL layer 22, and the second
electrode 23 injects electrons into the organic EL layer 22.
The first electrode 21 is electrically connected to the TFTs
2 through contact holes 4a formed in the interlayer insulat-
ing film 4.
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[0041] The first electrode 21 is covered with an edge cover
5 at the edges thereof. The edge cover 5 is an insulating film,
and is made of, for example, a photosensitive resin. The edge
cover 5 prevents the first electrode 21 from being short-
circuited to the second electrode 23 at the edges thereof due
to electrode concentration or a reduction in the thickness of
the organic EL layer 22. The edge cover 5 also functions as
a pixel separation film that prevents current leakage between
adjacent sub-pixels 14.

[0042] The edge cover 5 has openings 5a for the respec-
tive sub-pixels 14. Portions of the first electrode 21 that are
exposed at the openings 5a serve as light-emitting regions of
the sub-pixels 14.

[0043] The organic EL layer 22 is disposed between the
first electrode 21 and the second electrode 23. The organic
EL layer 22 includes, for example, a positive-hole injecting
layer, a positive-hole transporting layer, a light emitting
layer, an electron transporting layer, and an electron inject-
ing layer, which are stacked in that order from the first
electrode 21. A layer having a plurality of functions may be
provided. For example, the positive-hole injecting layer and
the positive-hole transporting layer may be replaced by a
positive-hole injecting-and-injecting layer having the func-
tions of the positive-hole injecting layer and the positive-
hole transporting layer. Also, the electron injecting layer and
the electron transporting layer may be replaced by an
electron injecting-and-transporting layer having the func-
tions of the electron injecting layer and the electron trans-
porting layer. A carrier blocking layer may be provided
between the layers as appropriate.

[0044] In FIG. 2(a), the first electrode 21 is an anode
(patterned electrode, pixel electrode), and the second elec-
trode 23 is a cathode (common electrode). However, the first
electrode 21 and the second electrode 23 may instead be a
cathode and an anode, respectively. In such a case, the layers
included in the organic EL layer 22 are arranged in the
opposite order.

[0045] When the organic EL display device 100 is a
bottom emission display device that emits light from the
back surface of the base 1, the second electrode 23 is
preferably made of a reflective electrode material, and the
first electrode 21 is preferably made of a transparent or
translucent electrode material.

[0046] When the organic EL display device 100 is a top
emission display device that emits light through a sealing
film 30, the first electrode 21 is preferably made of a
reflective electrode material, and the second electrode 23 is
preferably made of a transparent or translucent electrode
material.

[0047] The sealing film 30 is formed on the base 1 and the
second electrode 23 so as to seal the organic EL element 20
between the sealing film 30 and the base 1. The sealing film
30 prevents deterioration of the organic EL element 20 due
to moisture and oxygen that enter from the outside.

[0048] An organic layer (optical adjustment layer) (not
shown) for adjusting optical characteristics and an electrode
protection layer for protecting the second electrode 23 may
be provided between the second electrode 23 and the sealing
film 30.
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<Structure of Sealing Film>

[0049] FIG. 1 is a sectional view illustrating the structure
of the second electrode and the sealing film included in the
organic EL display device according to the present embodi-
ment.

[0050] As illustrated in FIG. 1, the sealing film 30 of the
organic EL display device 100 according to the present
embodiment includes a lower inorganic film 31 (first inor-
ganic film), an organic film 32, and an upper inorganic film
33 (second inorganic film), which are stacked on the second
electrode 23 in that order from the second electrode 23.
[0051] Although FIG. 1 illustrates the sealing film 30
formed on the second electrode 23, the sealing film 30 is also
formed on the base 1, as illustrated in FIG. 2(a), and
completely covers the organic EL element 20 in the display
region of the organic EL display device 100.

(Lower Inorganic Film 31)

[0052] As illustrated in FIG. 1, the lower inorganic film 31
has a multilayer structure including a first inorganic layer 34
(first layer), which is in contact with the second electrode 23,
and a second inorganic layer 35 (second layer). The film
thickness of the first inorganic layer 34 is less than that of the
second inorganic layer 35. The first inorganic layer 34 and
the second inorganic layer 35 each have a film stress, and the
absolute value of the film stress of the first inorganic layer
34 is less than that of the second inorganic layer 35.
[0053] The film stress of each of the first inorganic layer
34 and the second inorganic layer 35 may be either a tensile
stress or a compressive stress. In the following description,
it is assumed that the first inorganic layer 34 and the second
inorganic layer 35 each have a compressive stress.

[0054] Inorganic films generally have a higher moisture-
proof function than organic films. The sealing film 30
according to the present embodiment includes the lower
inorganic film 31 and the upper inorganic film 33 as inor-
ganic films. Accordingly, the sealing film 30 has a high
moisture resistance. The moisture resistance is reduced
when the lower inorganic film 31 and the upper inorganic
film 33 are thin. Therefore, the thicknesses of the lower
inorganic film 31 and the upper inorganic film 33 are
preferably designed based on the required moisture resis-
tance.

[0055] The first inorganic layer 34 and the second inor-
ganic layer 35 each have a compressive stress (film stress).
Accordingly, the sealing film 30 has a high elongation at
break (breaking strength).

[0056] The film thickness of the first inorganic layer 34 is
less than that of the second inorganic layer 35, and the
absolute value of the compressive stress of the first inorganic
layer 34 is also less than that of the second inorganic layer
35. Accordingly, the adhesion of the lower inorganic film 31
to the second electrode 23 and the base 1 is greater than that
in the case where the lower inorganic film 31 includes only
the second inorganic layer 35 having a high compressive
stress. In addition, when the thickness of the first inorganic
layer 34 is reduced, three-dimensional force applied to the
first inorganic layer 34 when the organic EL display device
100 is bent decreases. Accordingly, the elongation at break
of the sealing film 30 can be increased.

[0057] The absolute value of the compressive stress of the
second inorganic layer 35 is greater than that of the first
inorganic layer 34. Therefore, the elongation at break of the
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sealing film 30 is greater than that in the case where the
sealing film 30 includes only the first inorganic layer 34.
Accordingly, the occurrence of cracks in the sealing film 30
can be prevented.

[0058] The lower inorganic film 31 may be formed by
using, for example, silicon nitride (SiN), silicon oxide (Si0),
silicon oxynitride (SiON), or aluminum oxide (Al,0,).
[0059] The film thickness of the first inorganic layer 34 is
preferably greater than or equal to 100 nm and less than 200
nm. The compressive stress of the first inorganic layer 34 is
preferably greater than or equal to —100 MPa and less than
0 MPa. The film thickness of the second inorganic layer 35
is preferably greater than or equal to 200 nm and less than
or equal to 300 nm. The compressive stress of the second
inorganic layer 35 is preferably greater than or equal to -300
MPa and less than or equal to =100 MPa.

(Organic Film 32)

[0060] The organic film 32 is disposed between the lower
inorganic film 31 and the upper inorganic film 33. Accord-
ingly, the compressive stresses of the lower inorganic film
31 and the upper inorganic film 33 can be absorbed, and
breakage of the lower inorganic film 31 and the upper
inorganic film 33 can be prevented when the organic EL
display device 100 is bent. In addition, pin holes can be
blocked, and film defects due to foreign matter can be
prevented.

[0061] The organic film 32 may be formed by using, for
example, polysiloxane, silicon oxycarbide (SiOC), acrylate,
polyuria, parylene, polyimide, or polyamide.

(Upper Inorganic Film 33)

[0062] The organic film 32 is generally susceptible to
moisture. Accordingly, the upper inorganic film 33 is pro-
vided on the organic film 32 to increase the moisture
resistance of the sealing film 30.

[0063] The upper inorganic film 33 has a multilayer struc-
ture similar to that of the lower inorganic film 31. More
specifically, the upper inorganic film 33 includes a third
inorganic layer 36 (third layer) formed on the organic film
32 and a fourth inorganic layer 37 (fourth layer), which are
stacked in that order from the organic film 32.

[0064] The film thickness of the third inorganic layer 36 is
less than that of the fourth inorganic layer 37. The third
inorganic layer 36 and the fourth inorganic layer 37 each
have a compressive stress, and the absolute value of the
compressive stress of the third inorganic layer 36 is less than
that of the fourth inorganic layer 37.

[0065] The film thickness, compressive stress, and com-
position of the third inorganic layer 36 are the same as those
of the first inorganic layer 34. The film thickness, compres-
sive stress, and composition of the fourth inorganic layer 37
are the same as those of the second inorganic layer 35.
[0066] The third inorganic layer 36 and the fourth inor-
ganic layer 37 each have a compressive stress. Accordingly,
the sealing film 30 has a high elongation at break (breaking
strength).

[0067] The film thickness of the third inorganic layer 36 is
less than that of the fourth inorganic layer 37, and the
absolute value of the compressive stress of the third inor-
ganic layer 36 is also less than that of the fourth inorganic
layer 37. Accordingly, the adhesion between the upper
inorganic film 33 and the organic film 32 is greater than that
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in the case where the upper inorganic film 33 includes only
the fourth inorganic layer 37 having a high compressive
stress. In addition, when the thickness of the third inorganic
layer 36 is reduced, three-dimensional force applied to the
third inorganic layer 36 when the organic EL display device
100 is bent decreases. Accordingly, the elongation at break
of the sealing film 30 can be increased.

[0068] The absolute value of the compressive stress of the
fourth inorganic layer 37 is greater than that of the third
inorganic layer 36. Therefore, the elongation at break of the
sealing film 30 is greater than that in the case where the
sealing film 30 includes only the third inorganic layer 36.
[0069] The upper inorganic film 33 may be formed by
using, for example, silicon nitride (SiN), silicon oxide (SiO),
silicon oxynitride (SiON), or alumina (Al,O;).

[0070] The film thickness of the third inorganic layer 36 is
preferably greater than or equal to 100 nm and less than 200
nm. The compressive stress of the fourth inorganic layer 37
1s preferably greater than or equal to —100 MPa and less than
0 MPa. The film thickness of the fourth inorganic layer 37
is preferably greater than or equal to 200 nm and less than
or equal to 300 nm. The compressive stress of the fourth
inorganic layer 37 is preferably greater than or equal to =300
MPa and less than =100 MPa.

<Flexibility>

[0071] FIG. 3(a) is a sectional view illustrating the struc-
ture of a second electrode and a sealing film included in an
organic EL display device according to the related art. FIG.
3(b) i1s a sectional view illustrating the structure of the
second electrode and the sealing film included in the organic
EL display device according to the related art in a bent state.
[0072] As illustrated in FIG. 3(a), a sealing film 330
included in the organic EL display device according to the
related art has a multilayer structure including a lower
inorganic film 331, an organic film 332, and an upper
inorganic film 333, which are stacked on a second electrode
23 in that order from the second electrode 23.

[0073] The lower inorganic film 331 preferably has a high
compressive stress to increase the elongation at break of the
lower inorganic film 331. However, in the organic EL
display device according to the related art, the compressive
stress of the lower inorganic film 331 is limited to less than
or equal to a certain value to ensure sufficient adhesion
between the lower inorganic film 331 and the second elec-
trode 23.

[0074] Therefore, when the organic EL display device
according to the related art is bent, the lower inorganic film
331 may break and a crack 334 may be formed in the lower
inorganic film 331, as illustrated in FIG. 3(b). Thus, the
sealing performance of the sealing film 330 may be reduced.
[0075] In contrast, according to the multilayer structure of
the sealing film 30 included in the organic EL display device
100 of the present embodiment, the first inorganic layer 34
provides sufficient adhesion to the organic EL element 20
and the base 1, and the elongation at break can be increased
by the second inorganic layer 35.

[0076] Accordingly, separation of the sealing film 30 can
be prevented, and the bending strength can be increased so
that the occurrence of cracks in a bent state can be reduced.
Thus, the bending resistance of the organic EL display
device 100 in the case where the base 1 is flexible can be
increased. The above-described organic EL display device
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100 is suitable for use as, for example, a flexible display
device that can be bent similarly to a piece of paper, such as
electronic paper.

<Tensile Test>

[0077] Atensile test for evaluating the elongation at break
of the sealing film will now be described.

[0078] The tensile test is a test based on JIS K 7127, in
which a sample having two parallel reference lines is pulled
in opposite directions along a pulling direction. The refer-
ence lines are apart from each other by 50 mm in a direction
parallel to the pulling direction. The elongation at break of
the sample is evaluated based on the distance between the
reference lines before the sample is pulled and the distance
between the reference lines at the time when the sample
breaks. A tensile test was performed by using Autograph
produced by Shimadzu Corporation.

[0079] In the present embodiment, sheet-shaped sealing
films were used as samples for the tensile test.

[0080] In the tensile test, the elongations at break of eight
types of samples (samples 1 to 8) were evaluated. Sample 1
had a film stress of =51 MPa and a film thickness of 500 nm.
Sample 2 had a film stress of =51 MPa and a film thickness
of 300 nm. Sample 3 had a film stress of =51 MPa and a film
thickness of 200 nm. Sample 4 had a film stress of -51 MPa
and a film thickness of 150 nm. Sample 5 had a film stress
of =51 MPa and a film thickness of 100 nm. Sample 6 had
a film stress of -222 Pa and a film thickness of 500 nm.
Sample 7 had a film stress of =222 Pa and a film thickness
of 300 nm. Sample 8§ had a film stress of -222 Pa and a film
thickness of 150 nm.

[0081] FIG. 4(a) is a table showing the results of the
tensile test. FIG. 4(b) is a graph showing the results of the
tensile test.

[0082] As described above, an inorganic film having a film
stress with a high absolute value has low adhesion to the
second electrode 23 and the base 1. Accordingly, by using an
inorganic film having a film stress with a low absolute value
as the first inorganic layer 34, which is in direct contact with
the second electrode 23 and the base 1, the adhesion of the
first inorganic layer 34 to the second electrode 23 and the
base 1 can be increased.

[0083] However, as is clear from the elongations at break
of samples 1 to 8 shown in FIGS. 4(a) and 4(b), when the
film thickness is constant, an inorganic film having a film
stress (compressive stress) with a relatively low absolute
value has a lower elongation at break than an inorganic film
having a film stress with a relatively high absolute value.
Thus, there is a trade-off between the elongation at break and
the adhesion.

[0084] Therefore, when an inorganic film having a film
stress with a relatively low absolute value is used as the first
inorganic layer 34, although the adhesion of the first inor-
ganic layer 34 to the second electrode 23 and the base 1 can
be increased, the elongation at break of the first inorganic
layer 34 is reduced. Breakage starts at films having a low
elongation at break. Therefore, the first inorganic layer 34
breaks first.

[0085] As is clear from the elongations at break of samples
1 to 8, the elongation at break increases as the film thickness
decreases, irrespective of the absolute value of the film
stress. When the thickness of an inorganic film is reduced,
three-dimensional force applied to the inorganic film
decreases, and the elongation at break increases accordingly.
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[0086] However, the moisture resistance decreases as the
thickness of the inorganic film decreases. Thus, thete is also
a trade-off between the elongation at break and the moisture
resistance. Although the thickness of the inorganic film is
preferably reduced to increase the elongation at break, the
thickness of the inorganic film is preferably increased to
ensure sufficient moisture resistance.

[0087] The elongations at break of samples 1 to 5 will be
compared with the elongations at break of sample 6 to 8.
When, for example, the compressive stress is —51 MPa, an
elongation at break that is substantially equivalent to that of
sample 7, which has a compressive stress of —222 MPa and
a film thickness of 300 nm, can be obtained if the film
thickness 1s less than 200 nm, as in samples 4 and 5. The
elongations at break of samples 4 and 5 are greater than that
of sample 6, which has a compressive stress of =222 MPa
and a film thickness of 500 nm. Also, it can be said that the
elongation at break of sample 3, which has a compressive
stress of =51 MPa and a film thickness of 200 nm, is almost
as high as that of sample 6, which has a compressive stress
of =222 MPa and a film thickness of 500 nm.

[0088] This shows that the elongation at break of an
inorganic film having a film stress with a relatively low
absolute value can be increased to a value as high as that of
an inorganic film having a film stress with a relatively high
absolute value by reducing the film thickness.

[0089] When the film thickness of an inorganic film hav-
ing a film stress with a relatively low absolute value is
increased, in particular, when the film thickness of the first
inorganic layer 34 is increased, the overall film stress of the
inorganic film (for example, the product of the film thickness
and film stress of the first inorganic layer 34) is increased. As
a result, the adhesion is reduced. Therefore, the first inor-
ganic layer 34 preferably has a relatively small film thick-
ness.

[0090] Accordingly, an inorganic film having a film stress
with a relatively low absolute value is used as the first
inorganic layer 34, an inorganic film having a film stress
with a relatively high absolute value is used as the second
inorganic layer 35, and the film thickness of the first
inorganic layer 34 is set so as to be less than that of the
second inorganic layer 35. Thus, the lower inorganic film 31
has sufficient moisture resistance, and the adhesion of the
lower inorganic film 31 to the second electrode 23 and the
base 1 and the elongation at break of the lower inorganic film
31 can be increased.

[0091] Preferred film thicknesses of the first inorganic
layer 34 and the second inorganic layer 35 and preferred film
thicknesses of an inorganic film having a film stress with a
relatively low absolute value and an inorganic film having a
film stress with a relatively high absolute value will be
further discussed.

[0092] The elongations at break of samples 1 to 5 show
that when the compressive stress is =51 MPa and when the
film thickness is in the range of greater than or equal to 100
nm and less than or equal to 500 nm, the elongation at break
increases as the film thickness decreases. When the film
thickness is greater than or equal to 200 nm, the elongation
at break rapidly decreases. Also, the elongations at break of
samples 6 to 8 show that when the compressive stress is
-222 MPa, the elongation at break gradually decreases as
the film thickness increases.

[0093] When inorganic layers having film stresses with
different absolute values, such as the first inorganic layer 34
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and the second inorganic layer 35, are stacked together, the
above-described effect can be obtained as long as the film
thickness of the inorganic film having a film stress with a
lower absolute value is less that of the inorganic film having
a film stress with a higher absolute value, as described
above. However, the inorganic film having a film stress with
a lower absolute value, in particular, the first inorganic layer
34, preferably has a film thickness of less than 200 nm.
[0094] The elongation at break of the inorganic film hav-
ing a film stress with a higher absolute value does not have
a clear point of inflexion. However, when the film thickness
is increased, the overall film stress of the lower inorganic
film 31 is increased accordingly. Also, in the case where the
inorganic film having a film stress with a lower absolute
value has a film thickness of less than 200 nm, if the
inorganic film having a film stress with a higher absolute
value has a film thickness of greater than 300 nm, the
elongation at break thereof tends to be less than that of the
inorganic film having a film stress with a lower absolute
value. Therefore, when the film thickness of the inorganic
film having a film stress with a lower absolute value is set
to less than 200 nm, the film thickness of the inorganic film
having a film stress with a higher absolute value is prefer-
ably set to, for example, less than or equal to 300 nm.
[0095] In addition, as described above, to ensure sufficient
moisture resistance, the film thickness of the inorganic film
having a film stress with a lower absolute value is preferably
reduced within a range such that sufficient moisture resis-
tance can be obtained.

<Ca Test>

[0096] A Ca test for evaluating the moisture resistance of
the sealing film will now be described.

[0097] The Ca test is a test in which calcium covered with
a sample is placed in a high-temperature high-humidity
environment so that the calcium is partially corroded by
water vapor. The moisture resistance of the sample is
evaluated based on the residual rate of the calcium.

[0098] In the present embodiment, sheet-shaped sealing
films formed on glass substrates were used as samples for
the Ca test.

[0099] In the Ca test, calcium was covered with the
samples and placed in a high-temperature high-humidity
environment in which the temperature was 80° C. and the
humidity was 85% for 220 hours, and the moisture resis-
tances of the samples were evaluated based on the calcium
residual rate.

[0100] FIG. Sis a table showing the results of the Ca test.
[0101] Inthe Ca test, the moisture resistances of four types
of samples (sample 1 to sample 4) were evaluated.

[0102] Sample 1 had a film thickness of 500 nm and
included a 100-nm-thick inorganic film having a low com-
pressive stress, a 300-nm-thick inorganic film having a high
compressive stress, and a 100-nm-thick inorganic film hav-
ing a low compressive stress, which are stacked on a glass
substrate in that order from the glass substrate.

[0103] Sample 2 had a film thickness of 500 nm and
included a 200-nm-thick inorganic film having a high com-
pressive stress, a 100-nm-thick inorganic film having a low
compressive stress, and a 200-nm-thick inorganic film hav-
ing a high compressive stress, which are stacked in that
order.

[0104] Sample 3 had a film thickness of 500 nm and had
a five-layer structure in which a 100-nm-thick inorganic film
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having a high compressive stress and a 100-nm-thick inor-
ganic film having a low compressive stress were alternately
stacked so that the layers at both ends are 100-nm-thick
inorganic films having a high compressive stress.

[0105] Sample 4 had a film thickness of 495 nm and had
a nine-layer structure in which a 55-nm-thick inorganic film
having a high compressive stress and a 55-nm-thick inor-
ganic film having a low compressive stress were alternately
stacked so that the layers at both ends are 535-nm-thick
inorganic films having a high compressive stress.

[0106] In each sample, the inorganic films having a low
compressive stress had a compressive stress equivalent to
that of the first inorganic layer 34 of the sealing film 30
according to the first embodiment (greater than or equal to
-100 MPa and less than 0 MPa), and the inorganic films
having a high compressive stress had a compressive stress
equivalent to that of the second inorganic layer 35 of the
sealing film 30 according to the first embodiment (greater
than or equal to =300 MPa and less than =100 MPa).

[0107] In the table of FIG. 5, the compressive stress
column shows the order in which the inorganic films having
a low compressive stress and the inorganic films having a
high compressive stress were stacked in each sample. The
inorganic films listed from left to right were stacked on the
glass substrate in the mentioned order from the glass sub-
strate.

[0108] Referring to FIG. 5, the Ca residual rate of sample
115 70.2%. In sample 1, similar to the lower inorganic film
31 and the upper inorganic film 33 of the sealing film 30
according to the present embodiment, the films having a low
compressive stress have a film thickness of 100 nm, and the
film having a high compressive stress has a film thickness of
300 nm. This shows that the lower inorganic film 31 and the
upper inorganic film 33 of the sealing film 30 according to
the present embodiment have a sufficient moisture resis-
tance.

[0109] Samples 1, 3, and 4 will be compared with each
other with reference to FIG. 5. In each of samples 1 and 3,
the inorganic films having a low compressive stress have a
total film thickness of 200 nm. In sample 4, the inorganic
films having a low compressive stress have a total film
thickness of 220 nm. Thus, the inorganic films having a low
compressive stress have similar total film thicknesses in
samples 1, 3, and 4. The inorganic films having a low
compressive stress included in samples 1 and 3 each have a
film thickness of 100 nm, and the inorganic films having a
low compressive stress included in sample 4 each have a
film thickness of 55 nm. The Ca residual rates of samples 1
and 3 after the test are greater than that of sample 4, which
shows that the moisture resistance can be increased by
setting the film thickness of the inorganic films having a low
compressive stress to greater than or equal to 100 nm.

[0110] Samples 2 and 3 will now be compared with each
other. The inorganic films having a low compressive stress
included in samples 2 and 3 have a film thickness of 100 nm,
and samples 2 and 3 both have a total film thicknesses of 500
nm. The inorganic films having a high compressive stress
included in sample 2 have a film thickness of 200 nm, and
the inorganic films having a high compressive stress
included in sample 3 have a film thickness of 100 nm. The
Ca residual rate of sample 2 after the test is greater than that
of sample 3, which shows that the moisture resistance can be
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increased by setting the film thickness of the inorganic films
having a high compressive stress to greater than or equal to
200 nm.

[0111] Samples 1 and 3 will now be compared with each
other. In each of samples 1 and 3, the inorganic films having
a high compressive stress have a total film thickness of 300
nm. Samples 1 and 3 both have a total film thickness of 500
nm. The inorganic film having a high compressive stress
included in sample 1 has a film thickness of 300 nm, and the
inorganic films having a high compressive stress included in
sample 3 each have a film thickness of 100 nm. The Ca
residual rate of sample 3 after the test is greater than that of
sample 1. Sample 1 shows that even when the film thickness
of the inorganic films having a low film stress is as small as
100 nm, sufficient moisture resistance can be obtained by
setting the film thickness of the inorganic film having a film
stress with a high absolute value to less than or equal to 300
nm. However, the moisture resistance can be further
increased by setting the film thickness of the inorganic film
having a film stress with a high absolute value to less than
300 nm.

[0112] The results of the above-described Ca test show
that, to increase the moisture resistance of the sealing film
30, the film thickness of the first inorganic layer 34, which
is an inorganic film having a film stress with a low absolute
value, is preferably greater than or equal to 100 nm, and that
the film thickness of the second inorganic layer 35, which is
an inorganic film having a film stress with a high absolute
value, is preferably greater than or equal to 200 nm and less
than or equal to 300 nm, and more preferably, greater than
or equal to 200 nm and less than 300 nm.

[0113] Inaddition, the results of the Ca test and the tensile
test show that, to increase both the moisture resistance and
elongation at break of the sealing film 30, the film thickness
of the first inorganic layer 34, which has a low compressive
stress that is greater than or equal to =100 MPa and less than
0 MPa, is preferably greater than or equal to 100 nm and less
than 200 nm, and the film thickness of the second inorganic
layer 35, which has a high compressive stress that is greater
than or equal to =300 MPa and less than —100 MPa, is
preferably greater than or equal to 200 nm and less than or
equal to 300 nm, and more preferably, greater than or equal
to 200 nm and less than 300 nm.

<Others>

[0114] In the above description, the upper inorganic film
33 has a multilayer structure similar to that of the lower
inorganic film 31. The film thickness, compressive stress,
and composition of the third inorganic layer 36 are the same
as those of the first inorganic layer 34, and the film thick-
ness, compressive stress, and composition of the fourth
inorganic layer 37 are the same as those of the second
inorganic layer 35. However, the structure of the sealing film
30 according to the present embodiment is not limited to
this.

[0115] The film thicknesses, compressive stresses, and
compositions of the third inorganic layer 36 and the fourth
inorganic layer 37 of the upper inorganic film 33 may be
different from those of the first inorganic layer 34 and the
second inorganic layer 35 as long as the absolute value of the
compressive stress of the fourth inorganic layer 37 is greater
than that of the third inorganic layer 36.
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<Method for Forming Sealing Film>

[0116] A method for forming the sealing film according to
the present embodiment will now be described. In the
example described below, silicon nitride films are formed as
the lower inorganic film 31 and the upper inorganic film 33.
[0117] The sealing film 30 can be formed by using a
plasma chemical vapor deposition (CVD) apparatus.
[0118] First, the base 1 on which the organic EL element
20 is formed is placed in a vacuum chamber. Then, a mixture
of gases including monosilane, ammonia, nitrogen, and
hydrogen gases is introduced into the vacuum chamber, and
the first inorganic layer 34 is formed on the second electrode
23 and the base 1 by plasma discharge.

[0119] Next, the base 1 on which the first inorganic layer
34 is formed is placed in the vacuum chamber. Then, a
mixture of gases including monosilane, ammonia, nitrogen,
and hydrogen gases is introduced into the vacuum chamber,
and the second inorganic layer 35 is formed on the first
inorganic layer 34 by plasma discharge.

[0120] Next, the base 1 on which the lower inorganic film
31 is formed is placed in the vacuum chamber, and the
organic film 32 is formed on the lower inorganic film 31 by
a known vapor deposition method.

[0121] Next, the base 1 on which the organic film 32 is
formed is placed in the vacuum chamber. Then, a mixture of
gases including monosilane, ammonia, nitrogen, and hydro-
gen gases is introduced into the vacuum chamber, and the
third inorganic layer 36 is formed on the organic film 32 by
plasma discharge.

[0122] Next, the base 1 on which the third inorganic layer
36 is formed is placed in the vacuum chamber. Then, a
mixture of gases including monosilane, ammonia, nitrogen,
and hydrogen gases is introduced into the vacuum chamber,
and the fourth inorganic layer 37 is formed on the third
inorganic layer 36 by plasma discharge.

[0123] In the step of forming the lower inorganic film 31
and the upper inorganic film 33 (film forming step), the film
stresses of the formed films can be adjusted by controlling
the flow rates of the gases including monosilane, ammonia,
nitrogen, and hydrogen gases.

[0124] In a method for manufacturing the organic EL
display device 100 according to the present embodiment, the
sealing film 30 is formed by setting electric power for
plasma discharge to 900 W, a monosilane flow rate to 243
sccm, an ammonia flow rate to 435 scem, a nitrogen flow
rate to 4000 scem, and a hydrogen flow rate to 2500 sccm
in the steps of forming the lower inorganic film 31 and the
upper inorganic film 33. Thus, the first inorganic layer 34 of
the lower inorganic film 31 is formed so that the film
thickness thereof is greater than or equal to 100 nm and less
than 200 nm, and that the compressive stress thereof is
greater than or equal to —100 MPa and less than 0 MPa. Also,
the second inorganic layer 35 of the lower inorganic film 31
is formed so that the film thickness thereof is greater than or
equal to 200 nm and less than or equal to 300 nm, and that
the compressive stress thereof is greater than or equal to
-300 MPa and less than —100 MPa.

[0125] Although the sealing film 30 is formed by the CVD
method by using the plasma CVD apparatus in the above-
described example, the method for forming the sealing film
30 is not limited to this. The sealing film 30 may instead be
formed by sputtering or by an atomic layer deposition
(ALD) method. The CVD method and ALD method are
suitable because they provide good step coverage. To pre-
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vent the sealing film 30 from being formed in regions
including, for example, external-electric-wire connecting
portions (terminal portions), a deposition mask having an
opening may be used so that the sealing film 30 is formed
only in regions where it is required.

Second Embodiment

[0126] Another embodiment of the present invention will
be described with reference to FIG. 6. For convenience of
description, components having the same functions as those
of the components of the above-described embodiment are
denoted by the same reference numerals, and description
thereof is omitted.

[0127] FIG. 6 is a sectional view illustrating the structure
of a second electrode and a sealing film included in an
organic EL display device according to the present embodi-
ment.

[0128] As illustrated in FIG. 6, the organic EL display
device according to the present embodiment have the same
structure as the organic EL display device 100 according to
the first embodiment except that a lower inorganic film 131
and an upper inorganic film 133 of a sealing film 130 each
have a four-layer structure.

(Lower Inorganic Film 131)

[0129] The lower inorganic film 131 includes a first inor-
ganic layer 34 (first layer), a second inorganic layer 35
(second layer), a fifth inorganic layer 38, and a sixth
inorganic layer 39, which are stacked on a second electrode
23 in that order from the second electrode 23.

[0130] The film thickness of the first inorganic layer 34 is
less than that of the second inorganic layer 35. The first
inorganic layer 34 and the second inorganic layer 35 each
have a compressive stress, and the absolute value of the
compressive stress of the first inorganic layer 34 is less than
that of the second inorganic layer 35.

[0131] The film thickness and compressive stress of the
fifth inorganic layer 38 are the same as those of the first
inorganic layer 34, and the film thickness and compressive
stress of the sixth inorganic layer 39 are the same as those
of the second inorganic layer 35.

(Upper Inorganic Film 133)

[0132] The upper inorganic film 133 includes a third
inorganic layer 36, a fourth inorganic layer 37, a seventh
inorganic layer 40, and an eighth inorganic layer 41, which
are stacked on the organic film 32 in that order from the
second electrode 23.

[0133] The film thickness of the third inorganic layer 36 is
less than that of the fourth inorganic layer 37. The third
inorganic layer 36 and the fourth inorganic layer 37 each
have a compressive stress, and the absolute value of the
compressive stress of the third inorganic layer 36 is less than
that of the fourth inorganic layer 37.

[0134] The film thickness and compressive stress of the
seventh inorganic layer 40 are the same as those of the third
inorganic layer 36, and the film thickness and compressive
stress of the eighth inorganic layer 41 are the same as those
of the fourth inorganic layer 37.

[0135] In the sealing film 130 according to the present
embodiment, the lower inorganic film 131 has a multilayer
structure including two thin films having a low compressive
stress (first inorganic layer 34 and fifth inorganic layer 38)
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and two thick films having a high compressive stress (sec-
ond inorganic layer 35 and sixth inorganic layer 39). The
upper inorganic film 133 has a multilayer structure including
two thin films having a low compressive stress (third inor-
ganic layer 36 and seventh inorganic layer 40) and two thick
films having a high compressive stress (fourth inorganic
layer 37 and eighth inorganic layer 41).

[0136] Although the lower inorganic film 131 and the
upper inorganic film 133 each have a four-layer structure,
the organic film 32 having a low moisture resistance is
disposed only between the lower inorganic film 131 and the
upper inorganic film 133.

[0137] Accordingly, the sealing film 130 having a higher
sealing performance (barrier performance) than the sealing
film 30 according to the first embodiment can be obtained
without increasing the number of organic films 32 and
increasing the thickness of the sealing film 130.

[0138] In the above-described example, the lower inor-
ganic film 131 and the upper inorganic film 133 each have
a multilayer structure including two thin films having a low
compressive stress and two thick films having a high com-
pressive stress. However, the multilayer structure of the
lower inorganic film 131 and the upper inorganic film 133
according to the present embodiment is not limited to this.
The lower inorganic film 131 and the upper inorganic film
133 may instead have a multilayer structure including three
or more thin films having a low compressive stress and three
or more thick films having a high compressive stress.

Third Embodiment

[0139] Another embodiment of the present invention will
be described with reference to FIG. 7. For convenience of
description, components having the same functions as those
of the components of the above-described embodiments are
denoted by the same reference numerals, and description
thereof is omitted.

[0140] FIG. 7 is a sectional view illustrating the structure
of a second electrode and a sealing film included in an
organic EL display device according to the present embodi-
ment.

[0141] As illustrated in FIG. 7, the organic EL display
device according to the present embodiment have the same
structure as the organic EL display device 100 according to
the first embodiment except that a lower inorganic film 231
and an upper inorganic film 233 of a sealing film 230 each
have a three-layer structure.

(Lower Inorganic Film 231)

[0142] The lower inorganic film 231 includes a first inor-
ganic layer 34 (first layer), a second inorganic layer 35
(second layer), and a ninth inorganic layer 42, which are
stacked on a second electrode 23 in that order from the
second electrode 23.

[0143] The film thicknesses of the first inorganic layer 34
and the ninth inorganic layer 42 are less than that of the
second inorganic layer 35. The first inorganic layer 34, the
second inorganic layer 35, and the ninth inorganic layer 42
each have a compressive stress, and the absolute values of
the compressive stresses of the first inorganic layer 34 and
the ninth inorganic layer 42 are less than that of the second
inorganic layer 35.
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[0144] The film thickness and compressive stress of the
ninth inorganic layer 42 are the same as those of the first
inorganic layer 34.

(Upper Inorganic Film 233)

[0145] The upper inorganic film 233 includes a third
inorganic layer 36, a fourth inorganic layer 37, and a tenth
inorganic layer 43, which are stacked on the organic film 32
in that order from the organic film 32.

[0146] The film thicknesses of the third inorganic layer 36
and the tenth inorganic layer 43 are less than that of the
fourth inorganic layer 37. The third inorganic layer 36, the
fourth inorganic layer 37, and the tenth inorganic layer 43
each have a compressive stress, and the absolute values of
the compressive stresses of the third inorganic layer 36 and
the tenth inorganic layer 43 are less than that of the fourth
inorganic layer 37.

[0147] The film thickness and compressive stress of the
tenth inorganic layer 43 are the same as those of the third
inorganic layer 36.

[0148] Since the lower inorganic film 231 and the upper
inorganic film 233 included in the sealing film 230 of the
present embodiment each have a three-layer structure, the
sealing performance (barrier performance) of the sealing
film 230 is higher than that of the sealing film 30 according
to the first embodiment.

Fourth Embodiment

[0149] Another embodiment of the present invention will
be described with reference to FIG. 8 to FIGS. 10(a) to
10(c). For convenience of description, components having
the same functions as those of the components of the
above-described embodiments are denoted by the same
reference numerals, and description thereof is omitted.
[0150] FIG. 81s a sectional view illustrating an exemplary
overall structure of an organic EL display device according
to the present embodiment.

[0151] As illustrated in FIG. 8, an organic EL display
device 200 according to the present embodiment has the
same structure as the organic EL display device 100 accord-
ing to the first embodiment except that a counter substrate is
provided and the space between the counter substrate and
the TFT substrate is filled with a filler.

[0152] The organic EL display device 200 includes a
counter substrate 50 that is joined to the TFT substrate 10 so
as to face the TFT substrate 10. The counter substrate 50
includes a counter base 51 and a color filter 52 provided on
a surface of the counter base 51 that faces the TFT substrate
10.

[0153] The counter substrate 50 and the TFT substrate 10
(substrate on which the organic EL element 20 is formed) are
positioned and joined together so that each of light trans-
mitting regions of the color filter 52 faces a corresponding
sub-pixel of the TFT substrate 10.

[0154] The color filter 52 has a function of modulating
light emitted from the organic EL element 20. When, for
example, the organic EL element 20 emits white light, the
color filter 52 may be configured to emit red (R) light, green
(G) light, or blue (B) for each sub-pixel by modulating the
white light.

[0155] Alternatively, when, for example, the organic EL
element 20 emits red (R), green (G), or blue (B) light for
each sub-pixel, the color filter 52 may be used to modulate
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the light of each color to increase the color purity or reduce
a color shift due to a change in the viewing angle.

[0156] When monochromatic light may be used without
any problem or when it is not necessary to control the color
purity or color shift of the light emitted from the organic EL
element 20, the color filter 52 may be omitted.

[0157] When the base 1 of the TFT substrate 10 and the
counter base 51 of the counter substrate 50 are flexible, the
organic EL display device 200 may be formed as a flexible
or bendable display.

[0158] A gap spacer may be provided on the TFT substrate
10 to prevent the counter substrate 50 from coming into
contact with the organic EL element 20 and damaging the
organic EL element 20.

[0159] A sealant 6 is disposed between the TFT substrate
10 and the counter substrate 50 so as to surround the display
region. A space surrounded by the TFT substrate 10, the
counter substrate 50, and the sealant 6 is filled with a filler
7.

[0160] A low moisture permeability material may be used
as the sealant 6.

[0161] A low moisture permeability material or a material
containing a drying agent or oxygen absorber may be used
as the filler 7. When the filler 7 is a non-curable filler 7, the
filler 7 is interposed between the two substrates in a liquid
state. When the filler 7 is a curable filler 7 and when the filler
7 and the sealing film 30 sufficiently prevent moisture and
oxygen from entering the organic EL element 20 so that high
reliability is ensured, the sealant 6 may be omitted. In the
manufacturing process of the organic EL display device 200,
the filler 7 is injected into the space surrounded by the
sealant 6 after the sealing film 30 is formed and irradiated
with laser.

[0162] FIG. 9 is a sectional view illustrating a portion of
the organic EL display device according to the present
embodiment.

[0163] The space surrounded by the TFT substrate 10, the
counter substrate 50, and the sealant 6 is filled with the filler
7 to seal the organic EL element 20 and the sealing film 30.
Accordingly, as illustrated in FIG. 9, a multilayer end
surface of the sealing film 30 (multilayer sealing film) is
covered with the filler 7. Thus, the risk that moisture and
oxygen will enter along the boundaries between the layers of
the sealing film 30 can be reduced.

[0164] The lower inorganic film 31 is formed on the base
1 so as to cover the end surface of the second electrode 23.
The organic film 32 is stacked on the lower inorganic film
31, and the upper inorganic film 33 is stacked on the organic
film 32. The multilayer end surface of the sealing film 30,
which is formed of the end surface of the lower inorganic
film 31, the end surface of the organic film 32, and the end
surface of the upper inorganic film 33, is flat.

[0165] In the organic EL display device 200 according to
the present embodiment, the sealant 6 and the filler 7 reduce
the risk that moisture and oxygen will enter the organic EL
element 20 through the multilayer end surface of the sealing
film 30. Therefore, deterioration of the organic EL element
20 can be further reduced, and the reliability of the organic
EL display device 200 can be increased.

<Modifications>

[0166] FIGS. 10(a) to 10(c) are sectional views of portions
of organic EL display devices according to modifications of
the present embodiment.
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[0167] FIG. 10(a) is a sectional view of a portion of an
organic EL display device according to a first modification.
The organic EL display device according to the first modi-
fication includes a sealing film 30A including a lower
inorganic film 31A, an organic film 32A, and an upper
inorganic film 33 A, which are stacked in that order from the
base 1. The upper inorganic film 33A covers the multilayer
end surface of the lower inorganic film 31A and the organic
film 32A (end surfaces of the lower inorganic film 31A and
the organic film 32A).

[0168] More specifically, the lower inorganic film 31A is
formed on the base 1 so as to cover the end surface of a
second electrode 23. The organic film 32A is stacked on the
lower inorganic film 31. The upper inorganic film 33A is
formed on the base 1 so as to cover the top surface of the
organic film 32A and the multilayer end surface of the lower
inorganic film 31A and the organic film 32A. The multilayer
end surface of the lower inorganic film 31A and the organic
film 32A is flat.

[0169] Although not illustrated, in the first modification,
the lower inorganic film 31A has a structure similar to that
of the lower inorganic film 31 according to the first embodi-
ment, the organic film 32A has a structure similar to that of
the organic film 32 according to the first embodiment, and
the upper inorganic film 33A has a structure similar to that
of the upper inorganic film 33 according to the first embodi-
ment. More specifically, the lower inorganic film 31A has a
multilayer structure including a first inorganic layer 34 and
a second inorganic layer 35, and the upper inorganic film
33A has a multilayer structure including a third inorganic
layer 36 and a fourth inorganic layer 37.

[0170] In general, organic films have a lower moisture
resistance than inorganic films. However, according to the
structure of the first modification, the surfaces (top and end
surfaces) of the organic film 32A are covered with the upper
inorganic film 33 A, and therefore the surfaces of the organic
film 32A are not exposed. Accordingly, the risk that moisture
and oxygen will enter the organic EL element 20 from the
surfaces of the organic film 32A can be reduced.

[0171] FIG. 10(b) is a sectional view of a portion of an
organic EL display device according to a second modifica-
tion. The organic EL display device according to the second
modification includes a sealing film 30B including a lower
inorganic film 31B, an organic film 32B, and an upper
inorganic film 33B, which are stacked in that order from the
base 1. The organic film 32B covers the surfaces of the lower
inorganic film 31B, and the upper inorganic film 33B covers
the surfaces of the organic film 32B.

[0172] More specifically, the lower inorganic film 31B is
formed on the base 1 so as to cover the end surface of a
second electrode 23. The organic film 32B is formed on the
base 1 so as to cover the top and end surfaces of the lower
inorganic film 31B. The upper inorganic film 33B is formed
on the base 1 so as to cover the top and end surfaces of the
organic film 32B.

[0173] Although not illustrated, in the second modifica-
tion, the lower inorganic film 31B has a structure similar to
that of the lower inorganic film 31 according to the first
embodiment, the organic film 32B has a structure similar to
that of the organic film 32 according to the first embodiment,
and the upper inorganic film 33B has a structure similar to
that of the upper inorganic film 33 according to the first
embodiment. More specifically, the lower inorganic film
31B has a multilayer structure including a first inorganic
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layer 34 and a second inorganic layer 35, and the upper
inorganic film 33B has a multilayer structure including a
third inorganic layer 36 and a fourth inorganic layer 37.
[0174] According to the structure of the second modifica-
tion, among the films that constitute the sealing film 30B, the
surfaces of the lower inorganic film 31B, which is closest to
the organic EL element 20, are covered with both the organic
film 32B and the upper inorganic film 33B. Therefore, the
risk that moisture and oxygen will reach the lower inorganic
film 31B can be reduced. As a result, the risk that moisture
and oxygen will enter the organic EL element 20 can be
reduced.

[0175] FIG. 10(c) is a sectional view of a portion of an
organic EL display device according to a third modification.
The organic EL display device according to the third modi-
fication includes a sealing film 30C including a lower
inorganic film 31C, an organic film 32C, and an upper
inorganic film 33C, which are stacked in that order from the
base 1. The upper inorganic film 33C covers the end surface
of the organic film 32C.

[0176] More specifically, the lower inorganic film 31C is
formed on the base 1 so as to cover the end surface of a
second electrode 23. The organic film 32C and the upper
inorganic film 33C are stacked so that the organic film 32C
covers a portion of the top surface of the lower inorganic
film 31C, and that the upper inorganic film 33C covers the
surfaces of the organic film 32C and the top surface of the
lower inorganic film 31C. The upper inorganic film 33C is
stacked on the lower inorganic film 31C so that the end
surface thereof flushes with the end surface of the lower
inorganic film 31C.

[0177] Although not illustrated, in the third modification,
the lower inorganic film 31C has a structure similar to that
of the lower inorganic film 31 according to the first embodi-
ment, the organic film 32C has a structure similar to that of
the organic film 32 according to the first embodiment, and
the upper inorganic film 33C has a structure similar to that
of the upper inorganic film 33 according to the first embodi-
ment. More specifically, the lower inorganic film 31C has a
multilayer structure including a first inorganic layer 34 and
a second inorganic layer 35, and the upper inorganic film
33C has a multilayer structure including a third inorganic
layer 36 and a fourth inorganic layer 37.

[0178] According to the first to third modifications, the
risk that moisture and oxygen will enter the organic EL
element 20 from the surfaces of the organic film 324, 32B,
32C can be reduced. In addition, the risk that moisture and
oxygen will enter along the boundaries between the layers of
the sealing film can be more reliably reduced.

[0179] Although the organic EL display device 100 is
described as an example of an EL display device, the present
invention is not limited to this. The EL display device
according to the present invention may instead be an inor-
ganic EL display device including an inorganic EL layer
formed of an inorganic compound layer. When the present
invention is applied to an inorganic EL display device, the
occurrence of cracks in the sealing film 30 can be prevented,
and an inorganic EL element can be reliably sealed.

SUMMARY

[0180] An EL display device (organic EL display device
100, 200) according to a first aspect of the present invention
includes an EL element (organic EL element 20) formed on
a substrate (base 1), and a sealing film (30) formed on the
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substrate and the EL element so as to seal the EL element
between the sealing film and the substrate. The sealing film
includes a first inorganic film (lower inorganic film 31). The
first inorganic film has a multilayer structure including a first
layer (first inorganic layer 34) and a second layer (second
inorganic layer 35). The first layer is in contact with the
substrate and the EL element. The second layer is formed on
the first layer. An absolute value of a film stress of the first
layer is less than an absolute value of a film stress of the
second layer, and a film thickness of the first layer is less
than a film thickness of the second layer.

[0181] According to the above-described structure, since
the first inorganic film includes the first layer, the adhesion
of the first inorganic film to the substrate and the EL element
can be increased. In addition, since the first inorganic film
includes the second layer, the elongation at break of the first
inorganic film can be increased.

[0182] Thus, the adhesion between the first inorganic film
and the EL element and the elongation at break of the first
inorganic film can both be increased.

[0183] According to a second aspect of the present inven-
tion, in the EL display device according to the first aspect,
the sealing film may include an organic film (32) provided
on the first inorganic film and a second inorganic film (upper
inorganic film 33) provided on the organic film.

[0184] According to the above-described structure, since
the organic film is provided, the stress of the first inorganic
film can be absorbed. In addition, since the second inorganic
film is provided, the moisture resistance can be increased.
[0185] According to a third aspect of the present inven-
tion, in the EL display device according to the second aspect,
the second inorganic film may have a multilayer structure
including a third layer (third inorganic layer 36) and a fourth
layer (fourth inorganic layer 37). The third layer is in contact
with the organic film. The fourth layer is formed on the third
layer. An absolute value of a film stress of the third layer is
less than an absolute value of a film stress of the fourth layer,
and a film thickness of the third layer is less than a film
thickness of the fourth layer.

[0186] According to the above-described structure, since
the second inorganic film includes the third layer, the
adhesion between the second inorganic film and the organic
film can be increased. In addition, since the second inorganic
film includes the fourth layer, the elongation at break of the
second inorganic film can be increased.

[0187] Thus, the adhesion between the second inorganic
film and the organic film and the elongation at break of the
second inorganic film can both be increased.

[0188] According to a fourth aspect of the present inven-
tion, in the EL display device according to any one of the
first to third aspects, the film thickness of the first layer may
be greater than or equal to 100 nm and less than 200 nm, and
a compressive stress of the first layer may be greater than or
equal to -100 MPa and less than O MPa. In addition, the film
thickness of the second layer may be greater than or equal
to 200 nm and less than or equal to 300 nm, and a
compressive stress of the second layer may be greater than
or equal to =300 MPa and less than —100 MPa.

[0189] According to the above-described structure, the
moisture resistance and the elongation at break of the sealing
film can both be increased.

[0190] According to a fifth aspect of the present invention,
the EL display device according to any one of the first to
fourth aspects may include a counter substrate arranged so
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as to face the substrate. A space between the substrate
provided with the EL element and the sealing film and the
counter substrate may be filled with a filler (7), and a
multilayer end surface of the sealing film may be covered
with the filler.

[0191] According to the above-described structure, since
the multilayer end surface of the sealing film is covered with
the filler, the risk that moisture and oxygen will enter along
the boundaries between the layers of the sealing film can be
reduced. Accordingly, the risk that moisture and oxygen will
enter the EL element can be reduced.

[0192] According to a sixth aspect of the present inven-
tion, in the EL display device according to the second aspect,
the second inorganic film may be configured to cover a top
surface and an end surface of the organic film.

[0193] Organic films have a lower moisture resistance
than inorganic films. However, according to the above-
described structure, the surfaces (top and end surfaces) of
the organic film are covered with the second inorganic film,
and therefore the surfaces of the organic film are not
exposed. Accordingly, the risk that moisture and oxygen will
enter the EL element from the surfaces of the organic film
can be reduced.

[0194] According to a seventh aspect of the present inven-
tion, in the EL display device according to the sixth aspect,
the second inorganic film may be configured to cover a
multilayer end surface of the first inorganic film and the
organic film.

[0195] According to the above-described structure, the
risk that moisture and oxygen will enter the EL element
along the boundary between the organic film and the first
inorganic film can be reduced.

[0196] According to an eighth aspect of the present inven-
tion, in the EL display device according to the sixth aspect,
the organic film may be configured to cover a top surface and
an end surface of the first inorganic film, and the second
inorganic film may be configured to cover the top surface
and the end surface of the organic film.

[0197] According to the above-described structure, among
the films that constitute the sealing film, the surfaces of the
first inorganic film, which is closest to the FL element, are
covered with both the organic film and the second inorganic
film. Therefore, the risk that moisture and oxygen will reach
the first inorganic film can be reduced. As a result, the risk
that moisture and oxygen will enter the EL element can be
reduced.

[0198] According to a ninth aspect of the present inven-
tion, in the EL display device according to the sixth aspect,
the organic film may be configured to cover a portion of the
top surface of the first inorganic film, and the second
inorganic film may be configured to cover the top surface
and the end surface of the organic film and the top surface
of the first inorganic film.

[0199] According to a tenth aspect of the present inven-
tion, a method for manufacturing an EL display device
including an EL element formed on a substrate and a sealing
film formed on the substrate and the EL element so as to seal
the EL element between the sealing film and the substrate,
the sealing film including a first inorganic film, includes
forming the first inorganic film. The first inorganic film has
a multilayer structure including a first layer and a second
layer. The first layer is in contact with the substrate and the
EL element. The second layer is formed on the first layer. In
the forming, the first inorganic film is formed so that an
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absolute value of a film stress of the first layer is less than
an absolute value of a film stress of the second layer, and that
a film thickness of the first layer is less than a film thickness
of the second layer.

[0200] According to the above-described manufacturing
method, by forming the first inorganic film including the first
layer and the second layer, an EL display device including
a sealing film in which the adhesion of the first inorganic
film to the substrate and the EL element is increased and in
which the elongation at break of the first inorganic film is
also increased can be manufactured.

[0201] According to an eleventh aspect of the present
invention, in the method for manufacturing the EL display
device according to the tenth aspect, in the forming, the
sealing film may be formed by plasma CVD.

[0202] Since plasma CVD provides good step coverage,
according to the above-described manufacturing method, the
sealing film can be formed evenly over the surface of the
substrate even when the surface of the substrate has projec-
tions and recesses.

[0203] The present invention is not limited to the above-
described embodiments, and various modifications are pos-
sible within the scope of the claims. An embodiment
obtained by appropriately combining technical means dis-
closed in different embodiments is also included in the
technical scope of the present invention. Also, a new tech-
nical feature may be obtained by combining technical means
disclosed in the embodiments.

INDUSTRIAL APPLICABILITY

[0204] The present invention is suitably applicable to
formation of a sealing film that covers an EL element in an
EL display device.

REFERENCE SIGNS LIST

[0205] 7 filler

[0206] 10 TFT substrate

[0207] 20 organic EL element

[0208] 30, 130, 230 sealing film

[0209] 31,131, 231 lower inorganic film (first inorganic
film)

[0210] 32 organic film

[0211] 33, 133, 233 upper inorganic film (second inor-

ganic film)

[0212] 34 first inorganic layer (first layer)

[0213] 35 second inorganic layer (second layer)

[0214] 50 counter substrate

[0215] 100, 200 organic EL display device (EL display
device)

1: An EL display device comprising:

an EL element formed on a substrate; and

a sealing film formed on the substrate and the EL element
so as to seal the EL element between the sealing film
and the substrate,

wherein the sealing film includes a first inorganic film,

wherein the first inorganic film comprises a multilayer
structure including a first layer and a second layer, the
first layer being in contact with the substrate and the EL
element, the second layer being formed on the first
layer, and

wherein an absolute value of a film stress of the first layer
is less than an absolute value of a film stress of the
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second layer, and a film thickness of the first layer is
less than a film thickness of the second layer.

2: The EL display device according to claim 1, wherein
the sealing film includes an organic film provided on the first
inorganic film and a second inorganic film provided on the
organic film.

3: The EL display device according to claim 2, wherein
the second inorganic film comprises a multilayer structure
including a third layer and a fourth layer, the third layer
being in contact with the organic film, the fourth layer being
formed on the third layer, and

wherein an absolute value of a film stress of the third layer

is less than an absolute value of a film stress of the
fourth layer, and a film thickness of the third layer is
less than a film thickness of the fourth layer.

4: The EL display device according to claim 1, wherein
the film thickness of the first layer is greater than or equal to
100 nm and less than 200 nm, and a compressive stress of
the first layer is greater than or equal to =100 MPa and less
than 0 MPa, and

wherein the film thickness of the second layer is greater

than or equal to 200 nm and less than or equal to 300
nm, and a compressive stress of the second layer is
greater than or equal to -300 MPa and less than -100
MPa.

5: The EL display device according to claim 1, comprising
a counter substrate arranged so as to face the substrate,

wherein a space between the substrate provided with the

EL element and the sealing film and the counter sub-
strate 1s filled with a filler, and

wherein a multilayer end surface of the sealing film is

covered with the filler.

6: The EL display device according to claim 2, wherein
the second inorganic film is configured to cover a top surface
and an end surface of the organic film.

7. The EL display device according to claim 6, wherein
the second inorganic film is configured to cover a multilayer
end surface of the first inorganic film and the organic film.

8: The EL display device according to claim 6, wherein
the organic film is configured to cover a top surface and an
end surface of the first inorganic film, and

wherein the second inorganic film is configured to cover

the top surface and the end surface of the organic film.

9: The EL display device according to claim 6, wherein
the organic film is configured to cover a portion of a top
surface of the first inorganic film, and

wherein the second inorganic film is configured to cover

the top surface and the end surface of the organic film
and the top surface of the first inorganic film.

10: A method for manufacturing an EL display device
including an EL element formed on a substrate and a sealing
film formed on the substrate and the EL element so as to seal
the EL element between the sealing film and the substrate,
the sealing film including a first inorganic film, the method
comprising:

forming the first inorganic film, the first inorganic film

comprising a multilayer structure including a first layer
and a second layer, the first layer being in contact with
the substrate and the EL element, the second layer
being formed on the first layer,

wherein, in the forming, the first inorganic film is formed

so that an absolute value of a film stress of the first layer
is less than an absolute value of a film stress of the
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second layer, and that a film thickness of the first layer
is less than a film thickness of the second layer.
11: The method for manufacturing the EL display device
according to claim 10, wherein, in the forming, the sealing
film is formed by plasma CVD.

® 0% % % %
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