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SHEET-LIKE SEALING MATERIAL,
SEALING SHEET, ELECTRONIC-DEVICE
SEALING BODY, AND ORGANIC
ELECTROLUMINESCENT ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a sheet-like sealing
material that exhibits an excellent water barrier capability,
excellent light resistance, excellent colorlessness, and excel-
lent transparency, a sealing sheet that includes the sheet-like
sealing material and a gas barrier layer, a sealed electronic
device that is obtained using the sheet-like sealing material
or the sealing sheet as a sealing material, and an organic EL
device that includes the sheet-like sealing material.

BACKGROUND ART

[0002] In recent years, an organic EL device has attracted
attention as a light-emitting device that can emit light with
high luminance (brightness) through low-voltage DC drive.
[0003] However, the organic EL device has a problem in
that the emission properties (e.g., luminance, luminous
efficiency, and luminous uniformity) easily deteriorate with
the passing of time.

[0004] It is considered that deterioration in the emission
properties of the organic EL device occurs when oxygen,
water, and the like enter the organic EL device, and cause the
electrode and the organic layer to deteriorate. In order to
solve this problem, several methods that utilize a sealing
material have been proposed.

[0005] For example, Patent Literature 1 discloses an
organic EL device having a configuration in which an
organic EL layer that is provided on a glass substrate and
placed between a transparent electrode and a bottom elec-
trode (that are formed in the shape of a thin film) is covered
with a photocurable resin layer (sealing material) that exhib-
its humidity resistance. Patent Literature 2 discloses a
method that seals an organic EL device using a sealing film
that is formed using a moisture-proof polymer film and an
adhesive layer.

[0006] An acrylic-based adhesive and an acrylic-based
pressure-sensitive adhesive (hereinafter referred to as
“acrylic-based adhesive and the like”) are known as an
adhesive and a pressure-sensitive adhesive that are used as
a sealing material for sealing an organic EL device taking
account of optical properties (e.g., transparency).

[0007] For example, Patent Literature 3 discloses a UV-
curable acrylic-based adhesive that can be cured at room
temperature as a sealing material for sealing an organic ELL
display.

[0008] Patent Literature 4 discloses an acrylic-based pres-
sure-sensitive adhesive as a pressure-sensitive adhesive that
can form a pressure-sensitive adhesive layer that allows light
emitted from an organic EL display device to propagate to
the surface of the display with excellent propagation effi-
ciency even after being heated.

[0009] In recent years, an adhesive that includes a poly-
isobutylene-based resin has been proposed as a sealing
adhesive that exhibits a good water barrier capability. For
example, Patent Literature 5 discloses an adhesive compo-
sition that is used as a sealing material for sealing an organic
EL display, and includes a specific hydrogenated
cycloolefin-based polymer and a polyisobutylene resin.

Nov. 10, 2016

[0010] The organic EL device also has a problem in that
the organic layer (e.g., emitting layer) easily deteriorates due
to ultraviolet rays. In order to solve this problem, Patent
Literature 6 proposes an organic EL device in which the
organic EL layer is covered with a resin layer that includes
a UV absorber.

CITATION LIST

Patent Literature

[0011] Patent Literature 1: JP-A-5-182759
[0012] Patent Literature 2: JP-A-5-101884
[0013] Patent Literature 3: JP-A-2004-87153
[0014] Patent Literature 4: JP-A-2004-224991
[0015] Patent Literature 5: JP-T-2009-524705 (WQ2007/
087281)
[0016] Patent Literature 6: JP-A-2009-37809 (US2010/
0244073A1)

SUMMARY OF INVENTION

Technical Problem

[0017] When the organic EL layer is sealed using a resin

layer that includes a UV absorber (see Patent Literature 6),
and the content of the UV absorber is increased in order to
improve the light resistance, the resin layer may yellow,
whereby the hue of the light emitted from the organic EL
device may change, or the transparency of the resin layer
may deteriorate, whereby the luminance of the organic EL
device may decrease.

[0018] The invention was conceived in view of the above
situation. An object of the invention is to provide a sheet-like
sealing material that exhibits an excellent water barrier
capability, excellent light resistance, excellent colorlessness,
and excellent transparency, a sealing sheet that includes the
sheet-like sealing material and a gas barrier layer, a sealed
electronic device that is obtained using the sheet-like sealing
material or the sealing sheet as a sealing material, and an
organic EL device that includes the sheet-like sealing mate-
rial.

Solution to Problem

[0019] The inventors of the invention conducted extensive
studies in order to solve the above problem. As a result, the
inventors found that a sheet-like sealing material having a
low water vapor transmission rate, having a b* value (in the
CIE L*a*b* color system defined by JIS 7 8729-1994)
within a specific range, having low light transmittance at a
wavelength of 370 nm, and having high light transmittance
at a wavelength of 420 nm, exhibits an excellent water
barrier capability, excellent light resistance, excellent color-
lessness, and excellent transparency. This finding has led to
the completion of the invention.

[0020] Several aspects of the invention provide the fol-
lowing sheet-like sealing material (see (1) to (7)), sealing
sheet (see (8) to (10)), sealed electronic device (see (11)),
and organic EL device (see (12)).

(1) A sheet-like sealing material including one sealing resin
layer, or two or more sealing resin layers, the sheet-like
sealing material having a water vapor transmission rate at a
temperature of 40° C. and a relative humidity of 90% of 20
g/(m*-day) or less when the sheet-like sealing material has
a thickness of 50 um, having a b* value in a CIE L*a*b*
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color system defined by JIS Z 8729-1994 of -2 to 2%,
having a light transmittance at a wavelength of 370 nm of
1% or less, and having a light transmittance at a wavelength
of 420 nm of 85% or more.

(2) The sheet-like sealing material according to (1), the
sheet-like sealing material having a thickness of 0.1 to 100
pm.

(3) The sheet-like sealing material according to (1), the
sheet-like sealing material having an adhesion to glass at a
temperature of 23° C. and a relative humidity of 50% of 3
N/25 mm or more.

(4) The sheet-like sealing material according to (1), wherein
the sealing resin layer is a layer that includes a sealing resin
including at least one material selected from the group
consisting of a rubber-based polymer, a (meth)acrylic-based
polymer, a polyolefin-based polymer, a polyester-based
polymer, a styrene-based thermoplastic elastomer, and a
silicone-based polymer.

(5) The sheet-like sealing material according to (1), wherein
the one sealing resin layer, or at least one of the two or more
sealing resin layers, includes a UV absorber.

(6) The sheet-like sealing material according to (5), wherein
the UV absorber has a maximum absorption wavelength
within the range from 330 to 370 nm.

(7) The sheet-like sealing material according to (1), the
sheet-like sealing material being used to seal an electronic
device.

(8) A sealing sheet including a sheet-like sealing material
that includes one sealing resin layer, or two or more sealing
resin layers, and a gas barrier layer, the sheet-like sealing
material being the sheet-like sealing material according to
(D).

(9) The sealing sheet according to (8), including the sheet-
like sealing material, and a gas barrier film in which the gas
barrier layer is formed on a base film either directly or
through an additional layer.

(10) The sealing sheet according to (8), the sealing sheet
being used to seal an electronic device.

(11) A sealed electronic device including the sheet-like
sealing material according to (1), or the sealing sheet accord-
ing to (8), and an electronic device that is sealed with the
sheet-like sealing material or the sealing sheet.

(12) An organic EL device including a transparent substrate,
a first electrode, an organic EL layer, a second electrode, a
sheet-like sealing material that includes one sealing resin
layer, or two or more sealing resin layers, and a sealing base,
the first electrode, the organic EL layer, the second electrode,
the sheet-like sealing material, and the sealing base being
sequentially stacked on the transparent substrate, the sheet-
like sealing material being the sheet-like sealing material
according to (1).

Advantageous Effects of Invention

[0021] The aspects of the invention thus provide a sheet-
like sealing material that exhibits an excellent water barrier
capability, excellent light resistance, excellent colorlessness,
and excellent transparency, a sealing sheet that includes the
sheet-like sealing material and a gas barrier layer, a sealed
electronic device that is obtained using the sheet-like sealing
material or the sealing sheet as a sealing material, and an
organic EL device that includes the sheet-like sealing mate-
rial.
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[0022] A sheet-like sealing material, a sealing sheet, a
sealed electronic device, and an organic EL device according
to the exemplary embodiments of the invention are
described in detail below.

1) Sheet-Like Sealing Material

[0023] A sheet-like sealing material according to one
embodiment of the invention includes one sealing resin
layer, or two or more sealing resin layers, the sheet-like
sealing material having a water vapor transmission rate at a
temperature of 40° C. and a relative humidity of 90% of 20
g/(m*-day) or less when the sheet-like sealing material has
a thickness of 50 pm, having a b* value in a CIE L*a*b*
color system defined by JIS Z 8729-1994 of -2 to 2%,
having a light transmittance at a wavelength of 370 nm of
1% or less. and having a light transmittance at a wavelength
of 420 nm of 85% or more.

[0024] The sheet-like sealing material according to one
embodiment of the invention has a water vapor transmission
rate at a temperature of 40° C. and a relative humidity of
90% of 20 g/(m*day) or less, preferably 10 g/(m?-day) or
less, more preferably 8 g/(m*-day) or less, and still more
preferably 5 g/(m?-day) or less, when the sheet-like sealing
material has a thickness of 50 pm. The lower limit of the
water vapor transmission rate is not particularly limited, and
is preferably as small as possible. The lower limit of the
water vapor transmission rate is normally 0.1 g/(m?-day) or
more.

[0025] When the water vapor transmission rate is within
the above range, it is possible to sufficiently reduce or
suppress entry of water. Such a sheet-like sealing material
may suitably be used as a sealing material for sealing an
electronic device.

[0026] The water vapor transmission rate of the sheet-like
sealing material depends on the thickness of the sheet-like
sealing material. When the thickness of the sheet-like seal-
ing material is not 50 pm, the water vapor transmission rate
of the sheet-like sealing material is converted using the
thickness of the sheet-like sealing material to calculate the
water vapor transmission rate of the sheet-like sealing
material when the sheet-like sealing material has a thickness
of 50 um. For example, when the thickness of the sheet-like
sealing material is A pm, and the water vapor transmission
rate of the sheet-like sealing material is B g/(m*-day), the
water vapor transmission rate of the sheet-like sealing
material when the sheet-like sealing material has a thickness
of 50 pm is calculated using the expression “AxB/50”.

[0027] The water vapor transmission rate can be con-
trolled by appropriately selecting the sealing resin used to
produce the sheet-like sealing material. For example, a
sheet-like sealing material having a low water vapor trans-
mission rate can be obtained by increasing the content of a
rubber-based polymer in the sealing resin layer (as described
later).

[0028] The water vapor transmission rate may be mea-
sured using the method described later in connection with
the examples.

[0029] The sheet-like sealing material according to one
embodiment of the invention has a b* value in the CIE
L*a*b* color system defined by JIS Z 8729-1994 of -2 to
2%, preferably -1.5 to 1.5%, more preferably -1.0 to 1.0%,
and particularly preferably -0.5 to 0.5%.
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[0030] The b* value represents the degree of yellow-blue
when the color is converted into a numerical value. Specifi-
cally, a positive b* value indicates yellow, and a negative b*
value indicates blue.

[0031] When the b* value is within the above range, the
sheet-like sealing material exhibits excellent colorlessness.
Such a sheet-like sealing material may suitably be used as a
sealing material for sealing a light-emitting device.

[0032] The b* value can be controlled by appropriately
selecting the sealing resin used to produce the sheet-like
sealing material, and an additional component. When a UV
absorber is added to the sealing resin layer, the b* value may
increase depending on the type and the content of the UV
absorber. Therefore, it is important to appropriately select
the type and the content of the UV absorber.

[0033] Specifically, the b* value can be controlled by
selecting the UV absorber using the light transmittance at a
wavelength of 420 nm as an index, and appropriately
determining the content of the UV absorber, the thickness of
the sheet-like sealing material, and the like (as described
later).

[0034] The sheet-like sealing material according to one
embodiment of the invention preferably has an a* value in
the CIE L*a*b* color system defined by JIS 7 8729-1994 of
-2 10 2%, more preferably -1.5 to 1.5%, still more prefer-
ably -1.0 to 1.0%, and particularly preferably -0.5 to 0.5%.
[0035] The a* value represents the degree of red-green
when the color is converted into a numerical value. Specifi-
cally, a positive a* value indicates red, and a negative a*
value indicates green.

[0036] When the a* value is within the above range, the
sheet-like sealing material exhibits excellent colorlessness.
Such a sheet-like sealing material may suitably be used as a
sealing material for sealing a light-emitting device.

[0037] The a* value can be controlled by appropriately
selecting the sealing resin used to produce the sheet-like
sealing material, and an additional component.

[0038] The b* value and the a* value in the CIE L*a*b*
color system defined by JIS 7 8729-1994 may be measured
using the method described later in connection with the
examples.

[0039] The sheet-like sealing material according to one
embodiment of the invention has a light transmittance at a
wavelength of 370 nm of 1% or less, and preferably 0.5% or
less. The sheet-like sealing material according to one
embodiment of the invention has a light transmittance at a
wavelength of 420 nm of 85% or more, and preferably 90%
or more. The light transmittance may be measured using the
method described later in connection with the examples.
[0040] When the sheet-like sealing material has a light
transmittance at a wavelength of 370 nm of 1% or less, the
sheet-like sealing material can sufficiently absorb ultraviolet
rays, and exhibits excellent light resistance. Such a sheet-
like sealing material may suitably be used as a sealing
material for sealing an organic EL layer and the like that
easily deteriorate due to ultraviolet rays.

[0041] The light transmittance at a wavelength of 370 nm
can be decreased by adding a UV absorber to at least one
sealing resin layer, for example. In particular, the light
transmittance at a wavelength of 370 nm can be controlled
to be 1% or less by appropriately determining the content of
the UV absorber and the thickness of the sheet-like sealing
material taking account of the maximum absorption wave-
length and the absorption coefficient of the UV absorber.
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[0042] When the sheet-like sealing material has a light
transmittance at a wavelength of 420 nm of 85% or more, the
b* value easily falls within the above range, and the sheet-
like sealing material exhibits excellent colorlessness and
excellent transparency.

[0043] When an additive (e.g., UV absorber) that may
absorb visible light is used, the light transmittance at a
wavelength of 420 nm can be controlled to be 85% or more
by appropriately determining the content of the additive and
the thickness of the sheet-like sealing material, for example.
[0044] The thickness of the sheet-like sealing material
according to one embodiment of the invention is not par-
ticularly limited, but is preferably 0.1 to 100 um, more
preferably 5 to 90 pm, and still more preferably 10 to 80 pm.
[0045] When the thickness of the sheet-like sealing mate-
rial is within the above range, it is possible to easily obtain
a sealing material that exhibits a water barrier capability,
light resistance, colorlessness, and transparency in a well-
balanced manner.

[0046] The adhesion of the sheet-like sealing material
according to one embodiment of the invention may be
evaluated by subjecting the sheet-like sealing material to a
180° peel test. More specifically, when the sheet-like sealing
material having a width of 25 mm is bonded to glass at a
temperature of 23° C. and a relative humidity of 50%,
allowed to stand for 24 hours, and subjected to a tensile test
using a tensile tester at a tensile rate of 300 mm/min and a
peel angle of 180°, the sheet-like sealing material preferably
has an adhesion of 3 N/25 mm or more.

[0047] Such a sheet-like sealing material can reliably
prevent a situation in which entry of water and the like
occurs at the interface between the sheet-like sealing mate-
rial and the sealing target.

[0048] The adhesion of the sheet-like sealing material can
be controlled by appropriately selecting the type of sealing
resin and the type of additive, or forming a cross-linked
structure in the sealing resin layer, for example.

[0049] The sealing resin layer included in the sheet-like
sealing material according to one embodiment of the inven-
tion is a layer that includes a sealing resin.

[0050] The sealing resin is not particularly limited as long
as the advantageous effects of the invention can be achieved.
[0051] Examples of the sealing resin include a rubber-
based polymer, a (meth)acrylic-based polymer, a polyolefin-
based polymer, a polyester-based polymer, a silicone-based
polymer, a styrene-based thermoplastic elastomer, and the
like.

[0052] The term “rubber-based polymer” used herein
refers to a polymer (e.g., natural rubber or synthetic rubber)
that exhibits rubber elasticity. Examples of the rubber-based
polymer include a natural rubber (NR), a butadiene homopo-
lymer (butadiene rubber (BR)), a chloroprene homopolymer
(chloroprene rubber (CR)), an isoprene homopolymer, an
acrylonitrile-butadiene copolymer (mitrile rubber), an ethyl-
ene-propylene-non-conjugated diene ternary copolymer, an
isobutylene-based polymer, modified products thereof, and
the like. Among these, an isobutylene-based polymer is
preferable.

[0053] The term “isobutylene-based polymer” used herein
refers to a polymer that includes a repeating unit derived
from isobutylene in either or both of the main chain and the
side chain. The content of the repeating unit derived from
isobutylene in the isobutylene-based polymer is preferably
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50 mass % or more, more preferably 60 mass % or more, and
still more preferably 70 to 99 mass %.

[0054] Examples of the isobutylene-based polymer
include an isobutylene homopolymer (polyisobutylene), an
isobutylene-isoprene copolymer (butyl rubber), an isobuty-
lene-n-butene copolymer, an isobutylene-butadiene copoly-
mer, halogenated copolymers obtained by brominating or
chlorinating these polymers, and the like. Among these, an
isobutylene-isoprene copolymer (butyl rubber) is preferable.
[0055] The term “(meth)acrylic-based polymer” used
herein refers to a polymer that includes a repeating unit
derived from a (meth)acrylic-based monomer in either or
both of the main chain and the side chain. Examples of the
(meth)acrylic-based polymer include a homopolymer and a
copolymer of a (meth)acrylic-based monomer, modified
products thereof, and the like. Note that the term “(meth)
acrylic” used herein refers to “acrylic” or “methacrylic”
(hereinafter the same).

[0056] The content of the repeating unit derived from the
(meth)acrylic-based monomer in the (meth)acrylic-based
polymer is preferably 50 mass % or more, more preferably
60 mass % or more, and still more preferably 70 to 99 mass
%.

[0057] Examples of the (meth)acrylic-based monomer
include (meth)acrylic acid, an alkyl (meth)acrylate in which
with the alkyl group has 1 to 20 carbon atoms, such as
methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)
acrylate, and butyl (meth)acrylate, and a (meth)acrylate that
includes a reactive functional group, such as 2-ethylhexyl
(meth)acrylate and hydroxymethyl (meth)acrylate.

[0058] The term “polyolefin-based polymer” used herein
refers to a polymer that includes a repeating unit derived
from an olefin-based monomer in either or both of the main
chain and the side chain. Examples of the polyolefin-based
polymer include a homopolymer and a copolymer of an
olefin-based monomer, modified products thereof, and the
like.

[0059] Examples of the olefin-based monomer include
ethylene; an o-olefin having 3 to 20 carbon atoms, such as
propylene, 1-butene, 4-methyl-1-pentene, 3-methyl-1-
butene, 1-hexene, and 1-octene; a cycloolefin having 4 to 20
carbon atoms, such as cyclobutene, tetracyclododecene, and
norbornene; modified products thereof; and the like.
[0060] The term “polyester-based polymer” used herein
refers to a polymer obtained by the polycondensation of a
polycarboxylic acid and a polyol, or a modified product
thereof.

[0061] Examples of the polycarboxylic acid include
terephthalic acid, isophthalic acid, o-phthalic acid, succinic
acid, adipic acid, sebacic acid, cyclohexanedicarboxylic
acid, trimellitic acid, and the like. Examples of the polyol
include an aliphatic alcohol such as ethylene glycol and
propylene glycol, and a polyether polyol such as polyeth-
ylene glycol and polypropylene glycol.

[0062] The term “silicone-based polymer” used herein
refers to a polymer that includes a (poly)siloxane structure
in either or both of the main chain and the side chain, or a
modified product thereof.

[0063] Examples of the silicone-based polymer include
dimethylpolysiloxane, methylphenylpolysiloxane, methyl
hydrogen polysiloxane, and the like.

[0064] The term “styrene-based thermoplastic elastomer”
used herein refers to a polymer that includes a repeating unit
derived from styrene, or a modified product thereof.
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Examples of the styrene-based thermoplastic elastomer
include a styrene-butadiene-styrene block copolymer (SBS),
a styrene-cthylene-butene-styrene block copolymer (SEBS)
(i.e., hydrogenated SBS), a styrene-isoprene-styrene block
copolymer (SIS), a styrene-ethylene-propylene-styrene
block copolymer (SEPS) (i.e., hydrogenated SIS), a styrene-
butadiene copolymer (styrene-butadiene rubber (SBR)), a
styrene-isoprene copolymer, a s ene-isobutylene diblock
copolymer (SIB), a styrene-isobutylene-styrene triblock
copolymer (SIBS), and the like.

[0065] These sealing resins may be used either alone or in
combination.
[0066] It is preferable to use the rubber-based polymer or

the polyolefin-based polymer as the sealing resin since a
sheet-like sealing material having a low water vapor trans-
mission rate can be easily obtained.

[0067] The number average molecular weight (Mn) of the
sealing resin is preferably 100,000 to 2,000,000, more
preferably 100,000 to 1,500,000, and still more preferably
100,000 to 1,000,000.

[0068] When the number average molecular weight (Mn)
of the sealing resin is within the above range, a sheet-like
sealing material having a low water vapor transmission rate
can be easily obtained.

[0069] The number average molecular weight (Mn) of the
sealing resin refers to a standard polystyrene-equivalent
value determined by gel permeation chromatography using
tetrahydrofuran as a solvent.

[0070] A cross-linked structure may be formed in the
sealing resin layer. When a cross-linked structure is formed
in the sealing resin layer, the sealing resin layer exhibits
sufficient cohesive strength, more excellent adhesion, and a
lower water vapor transmission rate.

[0071] A cross-linked structure may be formed in the
sealing resin layer using a known cross-linked structure-
forming method used for an adhesive and the like.

[0072] For example, when a sealing resin that includes a
hydroxyl group or a carboxyl group is used, a cross-linked
structure may be formed using a cross-linking agent such as
an isocyanate-based cross-linking agent, an epoxy-based
cross-linking agent, an aziridine-based cross-linking agent,
or a metal chelate-based cross-linking agent.

[0073] The term “isocyanate-based cross-linking agent”
used herein refers to a compound that includes an isocyanate
group as a cross-linkable group.

[0074] Examples of the isocyanate-based cross-linking
agent include an aromatic polyisocyanate such as trimeth-
vlolpropane-modified tolylene diisocyanate, tolylene diiso-
cyanate, diphenylmethane diisocyanate, and xylylene diiso-
cyanate; an aliphatic polyisocyanate such as hexamethylene
diisocyanate; an alicyclic polyisocyanate such as isophorone
diisocyanate and hydrogenated diphenylmethane diisocya-
nate; biuret products, isocyanurate products, and adducts
(i.e., reaction products with a low-molecular-weight active
hydrogen-containing compound (e.g., ethylene glycol, pro-
pylene glycol, neopentyl glycol, trimethylolpropane, or cas-
tor oil)) thereof; and the like.

[0075] The term “epoxy-based cross-linking agent” used
herein refers to a compound that includes an epoxy group as
a cross-linkable group.

[0076] Examples of the epoxy-based cross-linking agent
include 1,3-bis(N,N'-diglycidylaminomethyl)cyclohexane,
N,N,N',N'-tetraglycidyl-m-xylylenediamine, ethylene gly-
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col diglycidyl ether, 1,6-hexanediol diglycidyl ether, trim-
ethylolpropane diglycidyl ether, diglycidylaniline, digly-
cidylamine, and the like.

[0077] The term “aziridine-based cross-linking agent”
used herein refers to a compound that includes an aziridine
group as a cross-linkable group.

[0078] Examples of the aziridine-based cross-linking
agent include diphenylmethane-4,4'-bis(1-aziridinecarbox-
amide), trimethylolpropane-tri-p-aziridinyl  propionate,
tetramethylolmethane-tri-p-aziridiny] propionate, toluene-2,
4-bis(1-aziridinecarboxamide), triethylenemelamine,
bisisophthaloyl-1-(2-methylaziridine), tris-1-(2-methylaziri-
dine)phosphine,  trimethylolpropane-tri-p-(2-methylaziri-
dine)propionate, and the like.

[0079] Examples of the metal chelate-based cross-linking
agent include a chelate compound in which the metal atom
is aluminum, zirconium, titanium, zingc, iron, tin, or the like.
It is preferable to use an aluminum chelate compound as the
metal chelate-based cross-linking agent.

[0080] Examples of the aluminum chelate compound
include diisopropoxyaluminum monooleyl acetoacetate,
monoisopropoxyaluminum bisoleyl acetoacetate, monoiso-
propoxyaluminum monooleate monoethyl acetoacetate,
diisopropoxyaluminum monolauryl acetoacetate, diiso-
propoxyaluminum monostearyl acetoacetate, diisopropoxy-
aluminum monoisostearyl acetoacetate, and the like.
[0081] These cross-linking agents may be used either
alone or in combination.

[0082] When forming a cross-linked structure using the
cross-linking agent, the cross-linking agent is preferably
used in such an amount that the ratio of the cross-linkable
group included in the cross-linking agent (or the metal
chelate-based cross-linking agent when using the metal
chelate-based cross-linking agent) is 0.1 to 5 equivalents,
and more preferably 0.2 to 3 equivalents, based on the
hydroxyl group and the carboxyl group included in the
sealing resin.

[0083] When a sealing resin that includes a polymerizable
functional group (e.g., (meth)acryloyl group) is used, a
cross-linked structure can be formed by utilizing a photoini-
tiator, a thermal initiator, or the like.

[0084] Examples of the photoinitiator include benzophe-
none, acetophenone, benzoin, benzoin methyl ether, benzoin
ethyl ether, benzoin isopropyl ether, benzoin isobutyl ether,
benzoin benzoate, methyl benzoin benzoate, benzoin dim-
ethyl ketal, 2,4-diethylthioxanthone, 1-hydroxycyclohexyl
phenyl ketone, benzyl diphenyl sulfide, tetramethylthiuram
monosulfide, azobisisobutyronitrile, 2-chloroanthraquinone,
diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide, and bis
(2,4,6-trimethylbenzoyl)phenylphosphine oxide.

[0085] Examples of the thermal initiator include hydrogen
peroxide; a peroxodisulfuric acid salt such as ammonium
peroxodisulfate, sodium peroxodisulfate, and potassium per-
oxodisulfate; an azo compound such as 2,2'-azobis(2-ami-
dinopropane) dihydrochloride, 4,4'-azobis(4-cyanovaleric
acid), 2,2"-azobisisobutyronitrile, and  2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile); an organic peroxide
such as benzoyl peroxide, lauroyl peroxide, peracetic acid,
persuccinic acid, di-t-butyl peroxide, t-butyl hydroperoxide,
and cumene hydroperoxide; and the like.

[0086] These initiators may be used either alone or in
combination.
[0087] When forming a cross-linked structure using the

initiator, the initiator is used in a ratio of 0.1 to 100 parts by
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mass, and preferably 1 to 100 parts by mass, based on the
100 parts by mass of the sealing resin.

[0088] The content of the sealing resin (including a cross-
linked structure when a cross-linked structure is formed) in
the sealing resin layer is preferably 50 to 100 mass %, more
preferably 55 to 99 mass %, and still more preferably 60 to
99 mass %, based on the entire sealing resin layer.

[0089] It is preferable that the sealing resin layer further
include a UV absorber.

[0090] The light transmittance of the sheet-like sealing
material at a wavelength of 370 nm can be easily controlled
to be 1% or less by appropriately determining the content of
the UV absorber and the thickness of the sheet-like sealing
material taking account of the maximum absorption wave-
length and the absorption coefficient of the UV absorber.
[0091] It is preferable that the UV absorber have a maxi-
mum absorption wavelength (Amax) within the range from
330 to 370 nm. It is more preferable that the UV absorber
have a maximum absorption wavelength (2, ) within the
range from 335 to 365 nm. It is still more preferable that the
UV absorber have a maximum absorption wavelength (A, )
within the range from 340 to 360 nm. Itis preferable that the
UV absorber have a maximum absorbance of 1.0 to 5.0,
more preferably 1.5 to 5.0, and still more preferably 2.0 to
5.0, when the UV absorber is added to the resin in a ratio of
2%, and the mixture is formed to have a thickness of 20 um.
[0092] If the maximum absorption wavelength (A, ) of
the UV absorber is less than 330 nm, it may be difficult to
control the light transmittance at a wavelength of 370 nm to
be 1% or less. If the maximum absorption wavelength (A, ,.)
of the UV absorber exceeds 370 nm, it may be difficult to
obtain a sheet-like sealing material having a light transmit-
tance at a wavelength of 420 nm of 85% or more.

[0093] Specific examples of the UV absorber include
salicylic acids such as phenyl salicylate, p-t-butylphenyl
salicylate, and p-octylphenyl salicylate; benzophenones
such as  24-dihydroxybenzophenone,  2-hydroxy-4-
methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone,
2-hydroxy-4-dodecyloxybenzophenone, 2,2'-dihydroxy-4-
methoxybenzophenone, 2,2'-dihydroxy-4,4'-dimethoxyben-
zophenone, and 2-hydroxy-4-methoxy-5-sulfobenzophe-
none;  benzotriazoles such as  2-(2'-hydroxy-5'-
methylphenyl)benzotriazole, 2-(2'-hydroxy-5'-t-
butylphenyl)benzotriazole, 2-(2'-hydroxy-3',5"-di-t-
butylphenyl)benzotriazole, 2-(2'-hydroxy-3'-t-butyl-5'-
methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3',5'-
di-t-butylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3',
5'-di-t-amylphenyl)benzotriazole, and 2-{(2'-hydroxy-3'3",
4" 5" 6"-tetrahydrophthalimidemethyl)-5'-

methylphenyl }benzotriazole; hindered amines such as bis
(2,2,6,6-tetramethyl-4-piperidyl) sebacate, bis(1,2,2,6,6-
pentamethyl-4-piperidyl) sebacate, and bis(1,2,2,6,6-
pentamethyl-4-piperidyl)  [{3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyl}methy!|butylmalonate; and the like.

[0094] These UV absorbers may be used either alone or in
combination.
[0095] When the sealing resin layer includes the UV

absorber, the content of the UV absorber in the sealing resin
layer may be appropriately determined taking account of the
type of UV absorber. The content of the UV absorber in the
sealing resin layer is preferably 0.1 to 50 mass %, more
preferably 0.3 to 30 mass %, still more preferably 0.5 to 20
mass %, and particularly preferably 1.0 to 10 mass %, based
on the entire sealing resin layer.
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[0096] The sealing resin layer may further include a
tackifier.
[0097] When the sealing resin layer includes the tackifier,

it is possible to obtain a sheet-like sealing material that
exhibits a still more excellent water barrier capability and
still more excellent adhesion.

[0098] The tackifier is not particularly limited as long as
the tackifier improves the adhesion of the sheet-like sealing
material. A known tackifier may be used as the tackifier.
Examples of the tackifier include an alicyclic petroleum
resin, an aliphatic petroleum resin, a terpene resin, an
ester-based resin, a coumarone-indene resin, a rosin-based
resin, an epoxy resin, a phenol resin, an acrylic resin, a
butyral resin, an olefin resin, a chlorinated olefin resin, a
vinyl acetate resin, modified resins and hydrogenated resins
thereof, and the like. Among these, an aliphatic petroleum
resin, a terpene resin, a rosin ester-based resin, a rosin-based
resin, and the like are preferable.

[0099] These tackifiers may be used either alone or in
combination.
[0100] The weight average molecular weight of the tacki-

fier is preferably 100 to 10,000, and more preferably 500 to
5,000.

[0101] The softening point of the tackifier is preferably 50
to 160° C., more preferably 60 to 140° C., and still more
preferably 70 to 130° C.

[0102] A commercially-available product may be used
directly as the tackifier. Examples of a commercially-avail-
able product that may be used as the tackifier include an
aliphatic petroleum resin such as ESCOREZ 1000 series
products (manufactured by Exxon Chemical Co., [td.), and
Quintone A/B/R/CX series products (manufactured by Zeon
Corporation); an alicyclic petroleum resin such as Arkon
P/M series products (manufactured by Arakawa Chemical
Industries, Ltd.), ESCOREZ series products (manufactured
by Exxon Chemical Co., Ltd.), EASTOTAC series products
(manufactured by Eastman Chemical Company). and
IMARYV series products (manufactured by Idemitsu Kosan
Co., Ltd.); a terpene-based resin such as YS Resin P/A series
products (manufactured by Yasuhara Chemical Co., Ltd.),
Clearon P series products (manufactured by Yasuhara
Chemical Co., Ltd.), and Piccolyte A/C series products
(manufactured by Hercules); an ester-based resin such as
Foral series products (manufactured by Hercules), Pensel A
series products (manufactured by Arakawa Chemical Indus-
tries, Ltd.), Ester Gum series products (manufactured by
Arakawa Chemical Industries, [td.), Super Ester series
products (manufactured by Arakawa Chemical Industries,
Ltd.), and Pinecrystal series products (manufactured by
Arakawa Chemical Industries, Ltd.); and the like.

[0103] When the sealing resin layer includes the tackifier,
the content of the sealing resin in the sealing resin layer is
preferably 0.1 to 40 mass %, and more preferably 1 to 30
mass %, based on the entire sealing resin layer.

[0104] The sealing resin layer may include an additional
component as long as the advantageous effects of the inven-
tion are not impaired.

[0105] Examples of the additional component include
additives such as a silane coupling agent, an antistatic agent,
a light stabilizer, an antioxidant, a resin stabilizer, a filler, a
pigment, an extender, and a softener.
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[0106] These additional components may be used either
alone or in combination.

[0107] When the sealing resin layer includes the additional
component, the content of each additional component in the
sealing resin layer is preferably 0.01 to 5 mass %, and more
preferably 0.01 to 2 mass %, based on the entire sealing resin
layer.

[0108] The thickness of the sealing resin layer is not
particularly limited, and may be appropriately determined
taking account of the thickness of the desired sheet-like
sealing material. The thickness of the sealing resin layer is
normally 0.1 to 100 pm, preferably 1.0 to 80 um, and still
more preferably 5.0 to 50 pm.

[0109] The sheet-like sealing material according to one
embodiment of the invention includes one sealing resin
layer, or two or more sealing resin layers. The upper limit of
the number of sealing resin layers is not particularly limited,
but is normally 10 or less.

[0110] When the sheet-like sealing material according to
one embodiment of the invention includes two or more
sealing resin layers, the sheet-like sealing material may have
a configuration in which two or more identical sealing resin
layers are stacked, or may have a configuration in which two
or more different sealing resin layers are stacked.

[0111] The different sealing resin layers may differ in the
sealing resin, a component other than the sealing resin, the
content thereof, or the like.

[0112] Adecrease in adhesion may occur when the content
of the UV absorber in the sealing resin layer is too high. In
such a case, a decrease in adhesion can be reduced or
suppressed by producing a laminate that includes two or
more sealing resin layers as the sheet-like sealing material.
For example, when the sheet-like sealing material has a
three-layer structure that includes two outermost layers and
an intermediate layer, a decrease in adhesion due to the
addition of the UV absorber can be prevented by adding the
UV absorber to only the intermediate layer.

[0113] Itis possible to efficiently obtain a sheet-like seal-
ing material that exhibits an excellent water barrier capa-
bility, excellent light resistance, excellent colorlessness, and
excellent transparency without showing a decrease in adhe-
sion by stacking two or more sealing resin layers.

[0114] The sheet-like sealing material according to one
embodiment of the invention includes one sealing resin
layer, or two or more sealing resin layers, when the sheet-
like sealing material is used as a sealing material. Specifi-
cally, the sheet-like sealing material according to one
embodiment of the invention may include a layer (e.g.,
release sheet) that is removed before use. When the sheet-
like sealing material according to one embodiment of the
invention includes a release sheet, the water vapor trans-
mission rate and the thickness of the sheet-like sealing
material (described later) refer to those of the sheet-like
sealing material (sealing resin layer) excluding the release
sheet.

[0115] A known release sheet may be used as the release
sheet. For example, the release sheet may be a release sheet
that includes a base, and a release layer that has been
subjected to a release treatment using a release agent and is
provided on the base.

[0116] Examples of the base used to produce the release
sheet include a paper base such as glassine paper, coated
paper, and high-quality paper; laminated paper obtained by
laminating a thermoplastic resin (e.g.. polyethylene) on such
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a paper base; a plastic film formed of a polyethylene
terephthalate resin, a polybutyrene terephthalate resin, a
polyethylene naphthalate resin, a polypropylene resin, a
polyethylene resin, or the like; and the like.

[0117] Examples of the release agent include a silicone-
based resin, an olefin-based resin, a rubber-based elastomer
(e.g., isoprene-based resin and butadiene-based resin), a
long-chain alkyl-based resin, an alkyd-based resin, a fluo-
rine-based resin, and the like.

[0118] The sheet-like sealing material according to one
embodiment of the invention may be produced using an
arbitrary method. For example, the sheet-like sealing mate-
rial according to one embodiment of the invention may be
produced using a casting method or an extrusion method.
[0119] When producing the sheet-like sealing material
according to one embodiment of the invention using a
casting method, a resin composition that includes a specific
component (e.g., sealing resin) may be prepared, and applied
to the release-treated side of a release sheet using a known
method, and the resulting film may be dried to obtain a
sealing resin layer provided with a release sheet (i.e., the
sheet-like sealing material according to one embodiment of
the invention provided with a release sheet), for example.
[0120] The resin composition may be prepared by appro-
priately mixing and stirring a specific component, a solvent,
and the like using an ordinary method.

[0121] Examples of the solvent include an aromatic hydro-
carbon-based solvent such as benzene and toluene; an ester-
based solvent such as ethyl acetate and butyl acetate; a
ketone-based solvent such as acetone, methyl ethyl ketone,
and methyl isobutyl ketone; an aliphatic hydrocarbon-based
solvent such as n-pentane, n-hexane, and n-heptane; an
alicyclic hydrocarbon-based solvent such as cyclopentane
and cyclohexane; and the like.

[0122] These solvents may be used either alone or in
combination.
[0123] The solid content in the resin composition is pref-

erably 10 to 60 mass %, more preferably 10 to 45 mass %,
and still more preferably 15 to 30 mass %.

[0124] The resin composition may be applied using a spin
coating method, a spray coating method, a bar coating
method, a knife coating method, a roll coating method, a
blade coating method, a die coating method, a gravure
coating method, or the like.

[0125] The film formed by applying the resin composition
is dried at 80 to 150° C. for 30 seconds to 5 minutes, for
example.

[0126] The dried film may be allowed to stand for about 1
week to cure the sealing resin layer. A cross-linked structure
can be sufficiently formed by curing the sealing resin layer.
[0127] A sheet-like sealing material that includes a release
sheet that serves as each outermost layer can be obtained by
stacking another release sheet on the sealing resin layer.
[0128] A sheet-like sealing material that includes two or
more sealing resin layers can be obtained by forming a
plurality of sealing resin layers, and stacking the plurality of
sealing resin layers so as to be situated opposite to each
other.

[0129] A sheet-like sealing material that includes two or
more sealing resin layers can be obtained by forming a
sealing resin layer, applying the resin composition to the
sealing resin layer, and drying the resulting film.

[0130] When producing the sheet-like sealing material
according to one embodiment of the invention using an
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extrusion method, the sealing resin and an additional com-
ponent may be dry-blended, and the mixture may be formed
into a film using an extrusion film-forming method to obtain
a sheet-like sealing material, for example.

[0131] In this case, a sheet-like sealing material that
includes two or more sealing resin layers can be obtained by
utilizing a multi-layer extrusion film-forming method.
[0132] When producing the sheet-like sealing material
according to one embodiment of the invention using a
multi-layer extrusion film-forming method, a known method
that is used when producing a coextruded multi-layer film
may be used.

[0133] The sheet-like sealing material according to one
embodiment of the invention exhibits an excellent water
barrier capability, excellent light resistance, excellent color-
lessness, and excellent transparency. Therefore, the sheet-
like sealing material according to one embodiment of the
invention may suitably be used when sealing an electronic
device (as described later). In particular, the sheet-like
sealing material according to one embodiment of the inven-
tion may suitably be used as a sealing material for sealing an
organic EL device that easily deteriorates due to ultraviolet
rays.

2) Sealing Sheet

[0134] A sealing sheet according to one embodiment of
the invention includes a sheet-like sealing material that
includes one sealing resin layer, or two or more sealing resin
layers, and a gas barrier layer, the sheet-like sealing material
being the sheet-like sealing material according to one
embodiment of the invention.

[0135] The gas barrier layer included in the sealing sheet
according to one embodiment of the invention is not par-
ticularly limited. Examples of the gas barrier layer include
a gas barrier layer obtained by subjecting an inorganic film
or a layer that includes a polymer compound to an ion
implantation treatment, a plasma treatment, a UV irradiation
treatment, or the like. The term “gas barrier layer” used
herein refers to a layer that does not easily allow gas (e.g.,
air, oxygen, and water vapor) to pass through.

[0136] The inorganic film is not particularly limited.
Examples of the inorganic film include an inorganic depos-
ited (evaporated) film.

[0137] Examples of the inorganic deposited film include
an inorganic deposited film obtained by depositing an inor-
ganic compound, and an inorganic deposited film obtained
by depositing a metal.

[0138] Examples of the inorganic compound used as the
raw material for forming the inorganic deposited film
include an inorganic oxide such as silicon oxide, aluminum
oxide, magnesium oxide, zinc oxide, indium oxide, and tin
oxide: an inorganic nitride such as silicon nitride, aluminum
nitride, and titanium nitride; an inorganic carbide; an inor-
ganic sulfide: an inorganic oxynitride such as silicon oxyni-
tride; an inorganic oxycarbide; an inorganic carbonitride; an
inorganic oxycarbonitride; and the like.

[0139] Examples of the raw material for forming the metal
deposited film include aluminum, magnesium, zinc, tin, and
the like.

[0140] These raw materials may be used either alone or in
combination.
[0141] An inorganic deposited film that is formed using an

inorganic oxide, an inorganic nitride, or a metal as the raw
material is preferable from the viewpoint of gas barrier
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capability. An inorganic deposited film that is formed using
an inorganic oxide or an inorganic nitride as the raw material
is preferable from the viewpoint of transparency.

[0142] The inorganic deposited film may be formed using
a physical vapor deposition (PVD) method such as a vacuum
deposition method, a sputtering method, or an ion plating
method, or a chemical vapor deposition (CVD) method such
as a thermal CVD method, a plasma CVD method, or a
photo-CVD method, for example.

[0143] Examples of the polymer compound that is used to
form the layer that includes a polymer compound (herein-
after may be referred to as “polymer layer”) include a
polyimide, a polyamide, a polyamide-imide, a polyphe-
nylene ether, polyetherketone, polyetheretherketone, a poly-
olefin, a polyester, a polycarbonate, a polysulfone,
polyethersulfone, polyphenylene sulfide, a polyarylate, an
acrylic-based resin, a cycloolefin-based polymer, an aro-
matic polymer, a silicon-containing polymer compound, and
the like. These polymer compounds may be used either
alone or in combination.

[0144] Among these, a silicon-containing polymer com-
pound is preferable since a gas barrier layer that exhibits an
excellent gas barrier capability can be formed. A known
silicon-containing polymer compound may be used as the
silicon-containing polymer compound. Examples of the
silicon-containing polymer compound include a polysila-
zane compound, a polycarbosilane compound, a polysilane
compound, a polyorganosiloxane compound, and the like.
Among these, a polysilazane compound is preferable.
[0145] The polysilazane compound is a polymer com-
pound that includes a repeating unit represented by —Si-
N— in the molecule. Examples of the polysilazane com-
pound include an organic polysilazane, an inorganic
polysilazane, a modified polysilazane, and the like.

[0146] A product commercially available as a glass coat-
ing material or the like may be used directly as the polysi-
lazane compound.

[0147] These polysilazane compounds may be used either
alone or in combination.

[0148] The polymer layer may include an additional com-
ponent other than the polymer compound as long as the
object of the invention is not impaired. Examples of the
additional component include a curing agent, an additional
polymer, an aging preventive, a light stabilizer, a flame
retardant, and the like.

[0149] The polymer layer may be formed by applying a
layer-forming solution that includes at least one polymer
compound, an optional additional component, a solvent, and
the like using a known device (e.g.. spin coater, knife coater,
or gravure coater), and appropriately drving the resulting
film, for example.

[0150] Examples of ions that are implanted into the inor-
ganic film or the polymer layer include ions of a rare gas
such as argon, helium, neon, krypton, and xenon; ions of a
fluorocarbon, hydrogen, nitrogen, oxygen, carbon dioxide,
chlorine, fluorine, sulfur, and the like; ions of alkane-based
gases such as methane and ethane; ions of alkene-based
gases such as ethylene and propylene; ions of alkadiene-
based gases such as pentadiene and butadiene; ions of
alkyne-based gases such as acetylene; ions of aromatic
hydrocarbon-based gases such as benzene and toluene; ions
of cycloalkane-based gases such as cyclopropane; ions of
cycloalkene-based gases such as cyclopentene; ions of a
metal; ions of an organosilicon compound; and the like.
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[0151] These ions may be used either alone or in combi-
nation.
[0152] It is preferable to use ions of a rare gas such as

argon, helium, neon, krypton, or xenon due to the ease of ion
implantation and a capability to form a gas barrier layer that
exhibits a particularly excellent gas barrier capability.
[0153] A method of implants ions is not particularly
limited. For example, the ions may be implanted using a
method that applies ions (ion beams) accelerated by utilizing
an electric field, a method that implants ions included in a
plasma (plasma ion implantation method), or the like. It is
preferable to use the plasma ion implantation method since
a gas barrier film can be easily obtained. The plasma ion
implantation method generates a plasma in an atmosphere
that includes a plasma-generating gas, and implants ions
(cations) included in the plasma into the surface area of the
inorganic film or the polymer layer by applying a negative
high-voltage pulse to the inorganic film or the polymer layer.
[0154] The thickness of the gas barrier layer included in
the sealing sheet according to one embodiment of the
invention is not particularly limited. The thickness of the gas
barrier layer is normally 10 to 2,000 nm, preferably 20 to
1,000 nm, more preferably 30 to 500 nm, and still more
preferably 40 to 200 nm, from the viewpoint of gas barrier
capability and handling capability.

[0155] The gas barrier layer may be provided (formed) at
an arbitrary position. The gas barrier layer may be formed
directly on the sealing resin layer, or may be formed on the
sealing resin layer through an additional layer.

[0156] Examples of the sealing sheet according to one
embodiment of the invention include a sealing sheet that
includes a sheet-like sealing material that includes one
sealing resin layer, or two or more sealing resin layers, and
a gas barrier film, the sheet-like sealing material being the
sheet-like sealing material according to one embodiment of
the invention.

[0157] The gas barrier film includes a base film, and a gas
barrier layer that is formed on the base film either directly or
through an additional layer.

[0158] When the sealing sheet includes the sheet-like
sealing material (that includes one sealing resin layer, or two
or more sealing resin layers) and the gas barrier film, it is
preferable that the sheet-like sealing material be stacked on
the side of the gas barrier film that is formed by the gas
barrier layer.

[0159] A film formed of a resin (e.g., polyimide, poly-
amide, polyamide-imide, polyphenylene ether, polyetherke-
tone, polyetheretherketone, polyolefin, polyester, polycar-
bonate, polysulfone, polyethersulfone, polyphenylene
sulfide, polyarylate, acrylic-based resin, cycloolefin-based
polymer, aromatic-based polymer, or polyurethane-based
polymer) may be used as the base film.

[0160] The thickness of the base film is not particularly
limited, but is preferably 0.5 to 500 pm, more preferably 1
to 200 am, and still more preferably 5 to 100 am, from the
viewpoint of ease of handling.

[0161] Examples of the gas barrier layer included in the
gas barrier film include those mentioned above.

[0162] The gas barrier layer may include a single layer, or
may include a plurality of layers.

[0163] The gas barrier film may further include an addi-
tional layer such as a protective layer, a conductive layer, or
a primer layer. These layers may be provided (stacked) at an
arbitrary position.
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[0164] The water vapor transmission rate of the gas barrier
film at a temperature of 40° C. and a relative humidity of
90% is preferably 0.1 g/(m*-day) or less, more preferably
0.05 g/(m*day) or less, and still more preferably 0.005
g/(m*-day) or less.

[0165] When the water vapor transmission rate is 0.1
g/(m*day) or less, it is possible to sufficiently reduce the
amount of water that passes through each side of the
sheet-like sealing material.

[0166] The water vapor transmission rate of the gas barrier
film may be measured using a known gas transmission rate
measurement device.

[0167] The total light transmittance of the gas barrier film
is preferably 80% or more, and more preferably 85% or
more.

[0168] When the total light transmittance of the gas barrier
film is 80% or more, the sealing sheet according to one
embodiment of the invention can suitably be used as a
sealing material for a device which is formed on a trans-
parent substrate and for which transparency is required.
[0169] The thickness of the gas barrier layer included in
the gas barrier film is not particularly limited. The thickness
of the gas barrier layer is normally 10 to 2,000 nm, prefer-
ably 20 to 1,000 nm, more preferably 30 to 500 nm, and still
more preferably 40 to 200 nm, from the viewpoint of gas
barrier capability and handling capability.

[0170] The sealing sheet according to one embodiment of
the invention may be produced using the gas barrier film as
described below (see the following production methods 1
and 2).

Production Method 1

[0171] Arelease sheet is provided. A resin composition for
forming the sealing resin layer is applied to the release-
treated side of the release sheet, and the resulting film is
dried to obtain a sheet-like sealing material provided with a
release sheet (i.e., the sheet-like sealing material according
to one embodiment of the invention provided with a release
sheet). The sheet-like sealing material provided with a
release sheet and the gas barrier film are stacked one on top
of another to obtain a sealing sheet provided with a release
sheet.

[0172] The sheet-like sealing material provided with a
release sheet and the gas barrier film may be stacked one on
top of another using an arbitrary method. For example, the
sheet-like sealing material provided with a release sheet and
the gas barrier film may be stacked one on top of another by
placing the sheet-like sealing material provided with a
release sheet and the gas barrier film one on top of another,
and pressing the laminate using a roller or the like. The
laminate may be pressed at room temperature, or may be
pressed with heating. The heating temperature when press-
ing the laminate is not particularly limited, but is normally
150° C. or less.

Production Method 2

[0173] The gas barrier film is provided. A resin composi-
tion for forming the sealing resin layer is applied to the gas
barrier layer of the gas barrier film using a known method,
and the resulting film is dried to form a sheet-like sealing
material to obtain the desired sealing sheet. After forming
the sealing sheet, a release sheet may be stacked on the
sheet-like sealing material in order to protect the sheet-like

Nov. 10, 2016

sealing material of the sealing sheet to obtain a sealing sheet
provided with a release sheet.

[0174] Examples of the resin composition for forming the
sealing resin layer used when implementing the production
methods 1 and 2, the method for applying the resin com-
position, the drying conditions, and the like include those
mentioned above in connection with the sheet-like sealing
material.

[0175] A sheet-like sealing material that includes a plu-
rality of sealing resin layers may be formed in the same
manner as described above in connection with the method
for producing the sheet-like sealing material according to
one embodiment of the invention.

[0176] The sealing sheet according to one embodiment of
the invention includes the sheet-like sealing material that
exhibits an excellent water barrier capability, excellent light
resistance, excellent colorlessness, and excellent transpar-
ency. Therefore, the sheet-like sealing material according to
one embodiment of the invention may suitably be used when
sealing an electronic device. In particular, the sheet-like
sealing material according to one embodiment of the inven-
tion may suitably be used as a sealing material for sealing an
organic EL device that easily deteriorates due to ultraviolet
rays.

3) Sealed Electronic Device

[0177] A sealed electronic device according to one
embodiment of the invention includes the sheet-like sealing
material according to one embodiment of the invention or
the sealing sheet according to one embodiment of the
invention, and an electronic device that is sealed with the
sheet-like sealing material or the sealing sheet.

[0178] Examples of the sealed electronic device according
to one embodiment of the invention include a sealed elec-
tronic device that includes a transparent substrate, a device
that is formed on the transparent substrate, and a sealing
material that seals the device, the sealing material being the
sheet-like sealing material according to one embodiment of
the invention, and a sealed electronic device that includes a
transparent substrate, a device that is formed on the trans-
parent substrate, and a sealing sheet that is stacked to cover
the device, the sealing sheet being the sealing sheet accord-
ing to one embodiment of the invention.

[0179] Examples of the electronic device include an
organic device such as an organic transistor, an organic
memory, and an organic EL device; a liquid crystal display;
electronic paper; a thin film transistor; an electrochromic
device; an electrochemical light-emitting device; a touch
panel; a solar cell; a thermoelectric conversion device; a
piezoelectric conversion device; an electrical storage device;
and the like.

[0180] Examples of the device include a photoelectric
conversion device such as a device that converts electrical
energy into light (e.g., light-emitting diode and semicon-
ductor laser), and a device that converts light into electrical
energy (e.g., photodiode and solar cell); a light-emitting
device such as an organic EL device; and the like.

[0181] The type, the size, the shape, the number, and the
like of the device(s) formed on the transparent substrate are
not particularly limited.

[0182] The transparent substrate on which the device is
formed is not particularly limited. Various substrate mate-
rials may be used. In particular, it is preferable to use a
substrate material having high visible light transmittance. It
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is preferable to use a material that exhibits a high barrier
capability to prevent entry of water and gas from the outside
of the device, and exhibits excellent solvent resistance and
excellent weatherability. Specific examples of such a mate-
rial include a transparent inorganic material such as quartz
and glass; a transparent plastic such as polyethylene
terephthalate, polyethylene naphthalate, a polycarbonate,
polystyrene, polyethylene, polypropylene, polyphenylene
sulfide, polyvinylidene fluoride, acetyl cellulose, phenoxy
bromide, aramids, polyimides, polystyrenes, polyarylates,
polysulfones, and polyolefins; and the like.

[0183] The thickness of the transparent substrate is not
particularly limited, and may be appropriately selected tak-
ing account of the light transmittance and barrier capability.
[0184] A transparent conductive layer may be provided on
the transparent substrate. The sheet resistance of the trans-
parent conductive (electrode) layer is preferably 500 €2/sq.
or less, and more preferably 100 Q/sq. or less.

[0185] A known material may be used as a material for
forming the transparent conductive layer. Specific example
of the material for forming the transparent conductive layer
include indium tin oxide (ITO), fluorine-doped tin(IV) oxide
(Sn0,) (FTO), tin(IV) oxide (Sn0,). zinc(Il) oxide (ZnO),
indium zinc oxide (IZ0), and the like.

[0186] These materials may be used either alone or in
combination.
[0187] The electronic device may be sealed using the

sheet-like sealing material according to one embodiment of
the invention or the sealing sheet according to one embodi-
ment of the invention by placing the sheet-like sealing
material according to one embodiment of the invention or
the sealing sheet according to one embodiment of the
invention on the electronic device, optionally placing the gas
barrier film or the like thereon, and thermocompression-
bonding the laminate.

[0188] The sealed electronic device according to one
embodiment of the invention has a structure in which the
electronic device is sealed using the sheet-like sealing
material according to one embodiment of the invention or
the sealing sheet according to one embodiment of the
invention. Therefore, the sealed electronic device according
to one embodiment of the invention rarely shows a deterio-
ration in performance due to entry of water or ultraviolet
rays. When the sealed electronic device is configured to emit
light, the sealed electronic device can emit light that has
substantially the same hue as that of light emitted in an
unsealed state.

4) Organic EL Device

[0189] An organic EL device according to one embodi-
ment of the invention includes a transparent substrate, a first
electrode, an organic EL layer, a second electrode, a sheet-
like sealing material that includes one sealing resin layer, or
two or more sealing resin layers, and a sealing base, the first
electrode, the organic EL layer, the second electrode, the
sheet-like sealing material, and the sealing base being
sequentially stacked on the transparent substrate, and the
sheet-like sealing material being the sheet-like sealing mate-
rial according to one embodiment of the invention.

[0190] A known material and the like may be used for the
transparent substrate, the first electrode, the organic EL
layer, the second electrode, and the sealing base included in
the organic EL device according to one embodiment of the
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invention. In particular, it is preferable to use the transparent
substrate or the gas barrier film described above as the
sealing base.

[0191] The organic EL device according to one embodi-
ment of the invention can be produced (formed) using the
sheet-like sealing material according to one embodiment of
the invention or the sealing sheet according to one embodi-
ment of the invention.

[0192] A production method of the organic EL device
according to one embodiment of the invention is not par-
ticularly limited. For example, the organic EL device
according to one embodiment of the invention may be
produced by forming the first electrode, the organic EL
layer, and the second electrode on the transparent substrate
using a known method, placing the sheet-like sealing mate-
rial according to one embodiment of the invention thereon,
placing the sealing base on the sheet-like sealing material,
and thermocompression-bonding the laminate. The organic
EL device according to one embodiment of the invention
may also be produced by forming the first electrode, the
organic EL layer, and the second electrode on the transparent
substrate using a known method, and stacking the sealing
sheet according to one embodiment of the invention thereon.

[0193] Since the organic EL device according to one
embodiment of the invention includes the sheet-like sealing
material according to one embodiment of the invention, the
organic EL layer included in the organic EL device accord-
ing to one embodiment of the invention rarely shows a
deterioration in performance due to entry of water or ultra-
violet rays. The organic EL device according to one embodi-
ment of the invention also rarely shows a deterioration in
emission properties (e.g., luminance, luminous efficiency,
and luminous uniformity).

EXAMPLES

[0194] The invention is further described below by way of
examples. Note that the invention is not limited to the
following exaniples.

[0195] The units “parts” and “%” used in connection with
the examples respectively refer to “parts by mass” and
“mass %” unless otherwise indicated.

Compounds

[0196] The following compounds and materials were used
in connection with the examples.

Sealing resin (1): isobutylene-isoprene copolymer (“Exxon
Butyl 268” manufactured by Japan Butyl Co., Ltd., number
average molecular weight: 260,000, isoprene content: 1.7
mol %)

Sealing resin (2): maleic anhydride-modified polyolefin
resin (“Admer SE731” manufactured by Mitsui Chemicals
Inc.)

Sealing resin (3): butyl acrylate-acrylic acid copolymer
(butyl acrylate: 90 mol %, acrylic acid: 10 mol %, weight
average molecular weight: 650,000)

[0197] Note that the number average molecular weight of
the sealing resin (1) and the weight average molecular
weight of the sealing resin (3) were determined as standard
polystyrene-equivalent values by performing gel permeation
chromatography under the following conditions.
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Device: HLC-8020 manufactured by Tosoh Corporation
Column: TSK guard column HXL-H, TSK gel GMHXL
(x2), and TSK gel G2000HXL (manufactured by Tosoh
Corporation)

Column temperature: 40° C.

Eluant: tetrahydrofuran

Flow rate: 1.0 mL/min

Isocyanate compound (1): trimethylolpropane-modified
tolylene diisocyanate (“CORONATE L” manufactured by
Nippon Polyurethane Industry Co., Ltd., ethyl acetate solu-
tion, solid content: 75 mass %)

UV absorber (1): benzotriazole-based UV absorber (“Tinu-
vin 900” manufactured by BASF, maximum absorption
wavelength: 348 nm, absorbance: 1.7)

UV absorber (2): benzotriazole-based UV absorber (“Tinu-
vin 326” manufactured by BASF, maximum absorption
wavelength: 355 nm, absorbance: 2.1)

UV absorber (3): benzotriazole-based UV absorber (“Tinu-
vin 460” manufactured by BASF, maximum absorption
wavelength: 349 nm, absorbance: 4.1)

UV absorber (4): benzotriazole-based UV absorber (“Tinu-
vin CarboProtect” manufactured by BASF, maximum
absorption wavelength: 378 nm, absorbance: 1.2)

Release sheet (1): polyethylene terephthalate film that has
been subjected to silicone release treatment (*“SP-
PET381130” manufactured by Lintec Corporation, thick-
ness: 38 pum)

Release sheet (2): polyethylene terephthalate film that has
been subjected to silicone release treatment (“SP-
PET38T103-1” manufactured by Lintec Corporation, thick-
ness: 38 pum)

[0198] Note that the absorbance refers to the maximum
absorbance when the UV absorber was added to the sealing
resin in a ratio of 2%, and the mixture was formed to have
a thickness of 20 um. The resin to which the UV absorber
was not added was used as a blank.

Production Example 1

Gas Barrier Film

[0199] A polysilazane compound (“AQUAMIKA NLL110-
20" manufactured by Clariant Japan K.K. (i.e., a coating
material including perhydropolysilazane as the main com-
ponent)) was spin-coated onto a polyethylene terephthalate
film (“COSMOSHINE A4100” manufactured by Toyobo
Co., Ltd., thickness: 50 pm) (base film), and the resulting
film was heated at 120° C. for 1 minute to form a polysi-
lazane layer including perhydropolysilazane (thickness: 150
nm). Argon (Ar) ions were implanted into the surface of the
polysilazane layer using a plasma ion implantation apparatus
under the following conditions to form a gas barrier layer. A
gas barrier film was thus obtained.

[0200] The details of the plasma ion implantation appa-
ratus and the ion implantation conditions used to form the
gas barrier layer are as follows.

Plasma lon Implantation Apparatus
[0201] RF power supply: “RF56000” manufactured by
JEOL Ltd.

High-voltage pulse power supply: “PV-3-HSHV-0835”
manufactured by Kurita Seisakusho Co., Ltd.
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Plasma Ton Implantation Conditions

Plasma-generating gas: Ar

[0202] Gas flow rate: 100 sccm

Duty ratio: 0.5%

Applied voltage: -15 kV

RF power supply: frequency: 13.56 MHz, applied electric
power: 1,000 W

Chamber internal pressure: 0.2 Pa

Pulse width: 5 psec

Treatment time (ion implantation time): 200 sec

Example 1

[0203] 100 parts of the sealing resin (1) and 6 parts of the
UV absorber (1) were dissolved in toluene to prepare a resin
composition A having a solid content of 20%.

[0204] The resin composition A was applied to the release-
treated side of the release sheet (1) so that the thickness after
drying was 20 um, and the resulting film was dried at 120°
C. for 2 minutes to form a sealing resin layer. The release-
treated side of the release sheet (2) was bonded to the sealing
resin layer to obtain a sheet-like sealing material provided
with a release sheet.

Examples 2 to 6 and Comparative Examples 1 to 4

[0205] A sheet-like sealing material provided with a
release sheet was obtained in the same manner as in
Example 1, except that the type and the amount of each
component and the thickness after drying were optionally
changed as shown in Table 1.

Example 7

[0206] 100 parts of the sealing resin (2) and 3 parts of the
UV absorber (1) were dry-blended, and formed into a
sheet-like sealing material having a thickness of 40 using an
extrusion film-forming method.

Comparative Example 5

[0207] 1.5 parts of the isocyanate compound (1) and 3
parts of the UV absorber (1) were added to 100 parts of the
sealing resin (3), and toluene was added to the mixture to
prepare a resin composition having a solid content of 20%.
A sheet-like sealing material provided with a release sheet
was obtained in the same manner as in Example 1, except
that the resulting resin composition was used.

Example 8

[0208] A resin composition B was prepared in the same
manner as in Example 1, except that the UV absorber (1)
was not used.

[0209] The resin composition B was applied to the release-
treated side of the release sheet (1) so that the thickness after
drying was 5 pum, and the resulting film was dried at 120° C.
for 2 minutes to form a sealing resin layer. Note that two
sealing resin layers (sealing resin layer 1 and sealing resin
layer 3) were used in the subsequent stacking step.

[0210] A resin composition was prepared in the same
manner as in Example 1, except that the type and the amount
of each component and the thickness after drying were
optionally changed as shown in Table 3. The resulting resin
composition was applied to the release-treated side of the
release sheet (1) so that the thickness after drying was 40
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wm, and the resulting film was dried at 120° C. for 2 minutes
to form a sealing resin layer 2. The release-treated side of the
release sheet (2) was bonded to the sealing resin layer 2 to
obtain a sealing resin layer 2 provided with a release sheet.

[0211] The release sheet (1) was removed from the sealing
resin layer 2 provided with a release sheet to expose the
sealing resin layer 2, and the sealing resin layer 1 was
bonded to the exposed sealing resin layer 2. The release
sheet (2) was then removed from the sealing resin layer 2
provided with a release sheet to expose the sealing resin
layer 2, and the sealing resin layer 3 was bonded to the
exposed sealing resin layer 2 to obtain a sheet-like sealing
material having a three-layer structure (sealing resin layer 1
(thickness: 5 pm)/sealing resin layer 2 (thickness: 40 um)/
sealing resin layer 3 (thickness: 5 pm)).

Example 9

[0212] 100 parts of the sealing resin (2) and 3 parts of the
UV absorber (1) were dry-blended. The sealing resin (2) was
also provided, and a sheet-like sealing material having a
three-layer structure (sealing resin layer 1 (thickness: 5 pm,
layer formed only of the sealing resin (2))/sealing resin layer
2 (thickness: 40 um, layer formed of the sealing resin (2) and
the UV absorber (1))/sealing resin layer 3 (thickness: 5 M,
layer formed only of the sealing resin (2))) was formed using
a multi-layer extrusion film-forming method.

[0213] The sealing materials obtained in Examples 1 to 9
and Comparative Examples 1 to 5 were subjected to the
following measurements.

Measurement of Water Vapor Transmission Rate

[0214] The sheet-like sealing material from which the
release sheet had been removed, or the resulting sheet-like
sealing material (Examples 7 and 9), was sandwiched
between two polyethylene terephthalate films (manufactured
by Mitsubishi Plastics Inc., thickness: 6 um) to obtain a
water vapor transmission rate measurement sample. The
water vapor transmission rate of the sealing material was
measured at a temperature of 40° C. and a relative humidity
of 90% using a water vapor transmission rate measuremnient
apparatus (“L80-5000” manufactured by LYSSY).

[0215] The water vapor transmission rate at a thickness of
50 pm was calculated from the measurement result using the
following expression. The water vapor transmission rate (at
a thickness of 50 pm) thus calculated is shown in Tables 1
to 3.

Water vapor transmission rate at a thickness of 50
um=water vapor transmission rate(measured
value)x(thickness/50)

Visible Light Transmittance

[0216] The sheet-like sealing material from which the
release sheet had been removed, or the resulting sheet-like
sealing material (Examples 7 and 9), was bonded to a glass
sheet (“Corning Glass Fagle XG” manufactured by NSG
Precision Co., Ltd., 150x70x2 mm) with heating to obtain a
measurement sample consisting of the sheet-like sealing
material and the glass sheet.

[0217] The light transmittance of the sample was mea-
sured using a spectrophotometer (“UV-3101 PC” manufac-
tured by Shimadzu Corporation).
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[0218] The light transmittance at a wavelength of 370 nm
and the light transmittance at a wavelength of 420 nm thus
measured are shown in Tables 1 to 3.

Evaluation of Hue

[0219] A measurement sample was prepared in the same
manner as the visible light transmittance measurement
sample.

[0220] The b* value of the sample (defined by the CIE
1976 L*a*b* color system) was measured in accordance
with JIS Z 8729-1994 using a spectrophotometer
(“MPC3100” manufactured by Shimadzu Corporation).
[0221] The measurement results are shown in Tables 1 to
3.

Measurement of Adhesion

[0222] The sheet-like sealing material from which the
release sheet had been removed, or the resulting sheet-like
sealing material (Examples 7 and 10), was bonded to a
polyethylene terephthalate film, and the resulting laminate
was cut to have a size of 25x300 mm. The laminate thus cut
was bonded (compression-bonded) to a glass sheet (soda
lime glass, manufactured by Nippon Sheet Glass Co., 1td.)
with heating at a temperature of 23° C. and a relative
humidity of 50% to obtain a measurement sample.

[0223] After allowing the measurement sample to stand at
a temperature of 23° C. and a relative humidity of 50% for
24 hours, the measurement sample was subjected to a peel
test at a temperature of 23° C. and a relative humidity of
50% using a tensile tester (“Tensilon” manufactured by
Orientec Co., Ltd.) (peel rate: 300 mm/min, peel angle:
180°) to measure the adhesion (N/25 mm) of the sheet-like
sealing material.

[0224] The measurement results are shown in Tables 1 to
3.

Evaluation of Light Resistance

[0225] The sheet-like sealing material from which the
release sheet had been removed, or the resulting sheet-like
sealing material (Examples 7 and 10), was sandwiched
between two glass sheets to obtain a measurement sample.
The measurement sample was placed on a polyethylene
terephthalate film to obtain a laminate having a “polyethyl-
ene terephthalate film/glass sheet/sheet-like sealing mate-
rial/glass sheet” layer structure.

[0226] Ultraviolet rays (irradiance: 900 W/m?) were
applied to the laminate for 100 hours through the glass sheet
at a temperature of 63° C. and a relative humidity of 70%
using a weather meter (“EYE Super UV tester SUV-13”
manufactured by Iwasaki Electric Co., Ltd.).

[0227] The b* value of the polyethylene terephthalate film
was then measured in the same manner as described above
(see “Evaluation of hue”), and the weatherability was evalu-
ated in accordance with the following standard. The evalu-
ation results are shown in Tables 1 to 3.

Good: The b* value was less than 2.

Bad: The b* value was 2 or more.

Evaluation of Durability of Organic EL Device

[0228] A glass substrate was subjected to a solvent clean-
ing treatment and a UV/ozone treatment, and aluminum (Al)
(manufactured by Kojundo Chemical Lab. Co., Ltd.) (100
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nm) was deposited on the surface of the glass substrate at a
deposition rate of 0.1 nm/s to form a cathode.

[0229] (8-Hydroxyquinolinato)lithium (manufactured by
Luminescence Technology) (10 nm), 2,9-dimethyl-4,7-di-
phenyl-1,10-phenanthroline (manufactured by Tumines-
cence Technology) (10 nm), tris(8-hydroxyquinolinato)alu-
minum (manufactured by Luminescence Technology) (40
nm), and N,N'-bis(naphthalen-1-y1)-N,N'-bis(pheny!)-benzi-
dine (manufactured by Luminescence Technology) (60 nm)
were sequentially deposited on the cathode (Al film) at a
deposition rate of 0.1 to 0.2 nm/s to form an emitting layer.
[0230] An indium tin oxide (ITO) film (thickness: 100 nm,
sheet resistance: 50 Q/sq.) was formed on the emitting layer
using a sputtering method to form an anode to obtain an
organic EL device. Note that the degree of vacuum during
deposition was set to 1x10™* Pa or less.

[0231] The sheet-like sealing material from which the
release sheet had been removed, or the resulting sheet-like
sealing material (Examples 7 and 10), was heated and dried
at 120° C. for 10 minutes in a nitrogen atmosphere using a
hot plate, and allowed to cool to room temperature.
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[0232] The sheet-like sealing material was placed to cover
the organic EL device formed on the glass substrate. After
placing the gas barrier film on the sheet-like sealing mate-
rial, the laminate was compression-bonded at room tempera-
ture (Examples 1 to 6 and Comparative Examples 1 to 5) or
100° C. (Examples 7 and 9) to seal the organic EL device to
obtain a top-emission electronic device.

[0233] The organic EL device was allowed to stand at a
temperature of 23° C. and a relative humidity of 50% for 50
hours, and driven to observe the presence or absence of a
dark spot (i.e., an area in which light was not emitted). The
durability of the organic EL device was evaluated in accor-
dance with the following standard. The evaluation results are
shown in Tables 1 to 3.

Evaluation Standard

[0234] Good: The ratio of a dark spot area was less than
10% with respect to the emission area.

Bad: The ratio of a dark spot area was 10% or more with
respect to the emission area.

TABLE 1
Example
1 2 3 4 5 6 7
Number of sealing resin layers 1 1 1 1 1 1 1
Sealing resin layer  Sealing resin 1) n 48] e8] 88! 1) 2)

Content (parts) 100 100 100 100 100 100 100

UV absorber €8] 1) €8] 2) 2 3) €8]

Content (parts) 6.0 3.0 1.5 1.3 3.0 3.0 3.0

Thickness (um) 20 40 80 40 40 40 40
Water vapor transmussion rate 3.0 2.8 2.7 2.8 2.8 2.8 19.0

(thickness: 50 pm)
(g/(m” - day))

Light transmittance (370 nm) (%) 0.3 0.3 0.3 0.9 0 0.3 0.2
Light transmittance (420 nm) (%) 91 91 91 90 88 91 90
Evaluation of hue b* 0.4 0.3 0.5 0.6 0.9 0.5 0.3
Evaluation of hue a* -0.4 -04 -0.5 -04 -0.5 -0.4 -04
Adhesion (N/25 mm) 3.2 4.5 53 4.4 4.4 4.5 46.1
Evaluation of light resistance Good  Good  Good Good  Good Good  Good
Evaluation of durability of Good  Good  Good Good  Good  Good — Good
organic EL device
TABLE 2

Comparative Example

1 2 3 4 5
Number of sealing resin layers 1 1 1 1 1
Sealing resin layer  Sealing resin n 1 1) 68} (3)
Content (parts) 100 100 100 100 100
UV absorber — 1) 1) 4) €8]
Content (parts) 1.5 30 3.0 3.0
Thickness (um) 40 40 40 40 40
Water vapor transmission rate 2.8 2.8 — 2.9 113
{thickness: 50 pm)
(g/(m? - day))
Light transmittance (370 nm) (%) 90 3.8 — 0 0.3
Light transmittance (420 nm) (%) 91 91 — 13 91
Evaluation of hue b* 0.3 03 — 29 0.5
Evaluation of hue a* -03 -0.3 — -3.6 -0.4
Adhesion (N/25 mm) 4.6 44 — 44 10.2
Evaluation of light resistance Bad Bad — Good Good
Evaluation of durability of Good  Good — — Bad

organic EL device
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TABLE 3

8 9

Number of sealing resin layers 3 3
Sealing resin layer 1 Sealing resin 68 (3)
Content (parts) 100 100

UV absorber
Content (parts)
Thickness (um) 5 5

Sealing resin layer 2 Sealing resin (L) (3)
Content (parts) 100 100
UV absorber (L) (3)

Content (parts) 3 3

Thickness (1m) 40 40
Sealing resin layer 3 Sealing resin (L) (3)
Content (parts) 100 100

UV absorber
Content (parts)
Thickness (1m) 5 5

Water vapor transmission rate 2.8 19.0
(thickness: 50 pm) (g/(m? - day))
Transmittance (370 nm) (%) 0.4 0.3
Transmittance (420 nm) (%) 91 90
Evaluation of hue b* 0.5 0.5
Evaluation of hue a* -0.4 -0.4
Adhesion (N/25 mm) 4.6 48.5
Evaluation of light resistance Good Good
Evaluation of durability of organic EL Good Good

device

[0235] The following were confirmed from the results
shown in Tables 1 to 3.
[0236] The sheet-like sealing materials of Examples 1 to 9
had a water vapor transmission rate of 20 g/(m*-day) or less,
ab* value of -2 to 2%, a light transmittance at a wavelength
of 370 nm of 1% or less, and a light transmittance at a
wavelength of 420 nm of 85% or more. As a result, the
sheet-like sealing materials of Examples 1 to 9 exhibited an
excellent water barrier capability, excellent light resistance,
excellent colorlessness, and excellent transparency. The
sheet-like sealing materials of Examples 1 to 9 also exhib-
ited sufficient adhesion, and the organic EL devices pro-
duced using the sheet-like sealing materials of Examples 1
to 9 exhibited excellent durability.
[0237] On the other hand, the sheet-like sealing materials
of Comparative Examples 1 and 2 exhibited poor light
resistance.
[0238] A film (sheet-like sealing material) could not be
formed using the resin composition of Comparative
Example 3 since the amount of UV absorber was too large
(i.e., the UV absorber could not be dispersed).
[0239] The sheet-like sealing material of Comparative
Example 4 had a large b* value (i.e., the degree of yellow
was high).
[0240] The organic EL device produced using the sheet-
like sealing material of Comparative Example 5 exhibited
poor durability.

1. A sheet-like sealing material comprising one sealing
resin layer, or two or more sealing resin layers,

the sheet-like sealing material having a water vapor

transmission rate at a temperature of 40° C. and a
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relative humidity of 90% of 20 g/(m*-day) or less when
the sheet-like sealing material has a thickness of 50 pm,
having a b* value ina CIE L*a*b* color system defined
by JIS Z 8729-1994 of -2 to 2%, having a light
transmittance at a wavelength of 370 nm of 1% or less,
and having a light transmittance at a wavelength of 420

nm of 85% or more.
2. The sheet-like sealing material according to claim 1, the
sheet-like sealing material having a thickness of 0.1 to 100

3. The sheet-like sealing material according to claim 1, the
sheet-like sealing material having an adhesion to glass at a
temperature of 23° C. and a relative humidity of 50% of 3
N/25 mm or more.

4. The sheet-like sealing material according to claim 1,
wherein the sealing resin layer is a layer that comprises a
sealing resin comprising at least one material selected from
a group consisting of a rubber-based polymer, a (meth)
acrylic-based polymer, a polyolefin-based polymer, a poly-
ester-based polymer, a styrene-based thermoplastic elasto-
mer, and a silicone-based polymer.

5. The sheet-like sealing material according to claim 1,
wherein the one sealing resin layer, or at least one of the two
or more sealing resin layers, comprises a UV absorber.

6. The sheet-like sealing material according to claim 5,
wherein the UV absorber has a maximum absorption wave-
length within a range from 330 to 370 nm.

7. The sheet-like sealing material according to claim 1, the
sheet-like sealing material being used to seal an electronic
device.

8. A sealing sheet comprising a sheet-like sealing material
that comprises one sealing resin layer, or two or more
sealing resin layers, and a gas barrier layer,

the sheet-like sealing material being the sheet-like sealing

material according to claim 1.

9. The sealing sheet according to claim 8, comprising the
sheet-like sealing material, and a gas barrier film in which
the gas barrier layer is formed on a base film either directly
or through an additional layer.

10. The sealing sheet according to claim 8, the sealing
sheet being used to seal an electronic device.

11. A sealed electronic device comprising the sheet-like
sealing material according to claim 1, and an electronic
device that is sealed with the sheet-like sealing material.

12. An organic EL device comprising a transparent sub-
strate, a first electrode, an organic EL layer, a second
electrode, a sheet-like sealing material that comprises one
sealing resin layer, or two or more sealing resin layers, and
a sealing base, the first electrode, the organic EL layer, the
second electrode, the sheet-like sealing material, and the
sealing base being sequentially stacked on the transparent
substrate,

the sheet-like sealing material being the sheet-like sealing

material according to claim 1.

13. A sealed electronic device comprising the sealing
sheet according to claim 8, and an electronic device that is
sealed with the sealing sheet.

I S I
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BB R50um , RIS Z 8729-1994FEXMCIEL *a* b *HBRE Sl st w0 100 1 w1
b “EH-252% , EITONMEEK FEEERE, 1%5UT , HE Wute = O 0@ 0
420nmIVIEX RN % U £ B, HEFHFRESIME | AREHRFH - I A T
ater vapor transmission rate ; \ — 1
BE—NEHWMER  AFINRES I BHERER , ARBESE;BFR (thigknegs: 50 pm)
\ | m” - day
& TR EE AR R B S B, Light mtares (0 08 90 38 0o o3
Light transmittance (420 nm) (%) 91 91 13 91
Evaluation of hue b* 0.3 0.3 29 0.5

Evaluation of hue a*
Adhesion (N/25 mm)
Evaluation of light resistance
Evaluation of durability of
organic EL device
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