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(57) ABSTRACT

The present invention provides: an adhesive composition for
sealing an electronic device, the adhesive composition com-
prising an isobutylene-isoprene copolymer as a main compo-
nent, the isobutylene-isoprene copolymer having a content of
repeating units derived from isoprene of 0.1 to 99 mol %
based on total repeating units; an adhesive sheet comprising a
gas barrier film, and an adhesive layer that is formed on the
gas barrier film, the gas barrier film having a water vapor
transmission rate at a temperature of 40° C. and a relative
humidity of 90% of 0.1 g/m*/day or less, and having a total
light transmittance of 80% or more, and the adhesive layer
comprising an adhesive composition that comprises an isobu-
tylene-isoprene copolymer as a main component; and an elec-
tronic device or the like in which the adhesive composition
and the adhesive sheet are used as a sealant for an organic
electroluminescent element or the like. According to the
present invention, provided are: an adhesive composition that
is useful as a material for forming an adhesive layer that
exhibits an excellent water barrier capability and excellent
adhesion; an adhesive sheet; and an electronic device or the
like.
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ADHESIVE AGENT COMPOSITION,
ADHESIVE SHEET, AND ELECTRONIC
DEVICE AND PRODUCTION METHOD

THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to an adhesive compo-
sition that is useful as a material for forming an adhesive layer
that exhibits an excellent water barrier capability (water-
blocking capability) and excellent adhesion, an adhesive
sheet that includes an adhesive layer that is formed using the
adhesive composition, an adhesive sheet that includes a gas
barrier film, and an adhesive layer that is formed on the gas
barrier film, an electronic device that includes a sealing mate-
rial that is formed using the adhesive composition, an elec-
tronic device in which a photoelectric conversion device is
sealed with the adhesive layer of the adhesive sheet, and a
method for producing an electronic device.

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 through low-voltage DC drive.

[0003] However, the organic EL device has a problem in
that emission properties (e.g., luminance, luminous effi-
ciency, and luminous uniformity) easily deteriorate with the
passage of time.

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

[0005] For example, Patent Document 1 discloses an
organic EL device having a configuration in which a photo-
curable resin layer (sealing material) having humidity resis-
tance covers an organic EL layer that is provided on a glass
substrate and placed between a transparent electrode and a
bottom electrode that are formed in the shape of a thin film.
Patent Document 2 discloses a method that seals an organic
EL device using a sealing film that is formed using a mois-
ture-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”) have been proposed as
an adhesive and a pressure-sensitive adhesive that are used as
the sealing material for the organic EL device, taking account
of optical properties such as transparency.

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

[0008] Patent Document 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 an excellent propagation efficiency
even after being heated.

[0009] However, a sealing material that is formed using the
acrylic-based adhesive and the like has an insufficient water
barrier capability, and is not satisfactory as to performance
when used as a sealing material for which a very high water
barrier capability is required (e.g., the sealing material for the
organic EL device).
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[0010] When a sealing material that is formed using the
acrylic-based adhesive and the like has a crosslinked struc-
ture, the sealing material may be easily delaminated from the
adherend due to an impact, vibrations, heat, or the like, and
the water barrier capability may deteriorate to a large extent.

[0011] In recent years, an adhesive that includes a poly-
isobutylene-based resin has been proposed as a sealing adhe-
sive that exhibits a good water barrier capability.

[0012] For example, Patent Document 5 discloses an adhe-
sive composition that is used as a sealing material for an
organic EL. display, and includes a specific hydrogenated
cycloolefin-based polymer and a polyisobutylene resin.

RELATED-ART DOCUMENT

Patent Document
Patent Document 1: JP-A-5-182759
Patent Document 2: JP-A-5-101884
Patent Document 3: JP-A-2004-87153
Patent Document 4: JP-A-2004-224991
Patent Document 5: JP-T-2009-524705 (W0O2007/0087281)

SUMMARY OF THE INVENTION

Technical Problem

[0013] A sealing material obtained using the adhesive com-
position disclosed in Patent Document 5 that includes a poly-
isobutylene-based resin exhibits a good water barrier capa-
bility as compared with a sealing material obtained using an
acrylic-based adhesive. However, the water barrier capability
of the sealing material obtained using the adhesive composi-
tion disclosed in Patent Document 5 is insufficient when it is
used as a sealing material for the organic EL. device. It is
particularly important to prevent entry of water from the
interface or the side of the sealing material when a very high
water barrier capability is required (e.g., organic EL device).
However, the sealing material obtained using the adhesion
composition disclosed in Patent Document 5 is not satisfac-
tory as to such performance. Moreover, Patent Document 5 is
silent about the characteristics of a film that is stacked on the
sealing material.

[0014] The invention was conceived in view of the above
situation. An object of the invention is to provide (i) an adhe-
sive composition that is useful as a material for forming an
adhesive layer that exhibits an excellent water barrier capa-
bility and excellent adhesion, (ii) an adhesive sheet (A) that
includes an adhesive layer that is formed using the adhesive
composition, (iii) an adhesive sheet (B) that includes a gas
barrier film that exhibits an excellent gas barrier capability
and excellent transparency, and an adhesive layer that is
formed on the gas barrier film, and that exhibits an excellent
water barrier capability, excellent transparency, and excellent
adhesion, (iv) an electronic device that includes a sealing
material that is formed using the adhesive composition, (v) an
electronic device in which a device (e.g., organic EL device)
is sealed with the adhesive layer of the adhesive sheet (B), and
a method for producing the same.
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Solution to Problem

[0015] The inventors of the invention conducted extensive
studies in order to achieve the above object. As a result, the
inventors found that an adhesive composition that includes an
isobutylene-isoprene copolymer as the main component
exhibits an excellent water barrier capability and excellent
adhesion, and is suitable as a sealing material for a photoelec-
tric conversion device or the like that is formed on a transpar-
ent substrate, and an adhesive sheet that includes a gas barrier
film that exhibits a specific gas barrier capability and trans-
parency, and an adhesive layer that is formed on the gas
barrier film using an adhesive composition that includes an
isobutylene-isoprene copolymer as the main component,
exhibits an excellent water barrier capability, excellent trans-
parency, and excellent adhesion, and is suitable as a sealing
material for a photoelectric conversion device formed on a
transparent substrate. This finding has led to the completion
of the invention.

[0016] Several aspects of the invention provide the follow-
ing adhesive composition (see (1) to (3)), adhesive sheet (see
(4) to (11)), electronic device (see (12) to (14)), and method
for producing an electronic device (see (15)).

(1) An adhesive composition for sealing an electronic device,
the adhesive composition including an isobutylene-isoprene
copolymer as the main component, the isobutylene-isoprene
copolymer having a content of repeating units derived from
isoprene of 0.1 to 99 mol % based on the total repeating units.
(2) The adhesive composition according to (1), further includ-
ing a tackifier in an amount of 5 to 100 parts by mass based on
100 parts by mass of the isobutylene-isoprene copolymer.
(3) The adhesive composition according to (2), wherein the
tackifier is an aliphatic petroleum resin.

(4) An adhesive sheet including a release sheet, and an adhe-
sive layer that is formed on the release sheet, the adhesive
layer being formed using the adhesive composition according
to any one of (1) to (3).

(5) An adhesive sheet including a gas barrier film, and an
adhesive layer that is formed on the gas barrier film, the gas
barrier film having a water vapor transmission rate at a tem-
perature of 40° C. and a relative humidity of 90% of 0.1
g/m?/day or less, and having a total light transmittance of 80%
or more, and the adhesive layer including an adhesive com-
position that includes an isobutylene-isoprene copolymer as
the main component.

(6) The adhesive sheet according to (5), wherein the isobuty-
lene-isoprene copolymer has a content of repeating units
derived from isoprene of 0.1 to 99 mol % based on the total
repeating units.

(7) The adhesive sheet according to (4) or (5), wherein the
adhesive layer has a water vapor transmission rate at a tem-
perature of 40° C. and a relative humidity of 90% of 10
g/m?/day or less when the adhesive layer has a thickness of 60
pm.

(8) The adhesive sheet according to (4) or (5), wherein the
adhesive layer further includes a tackifier in an amount of 5 to
100 parts by mass based on 100 parts by mass of the isobu-
tylene-isoprene copolymer.

(9) The adhesive sheet according to (4) or (5), wherein the
adhesive layer has a storage modulus at 20 to 60° C. of 10° to
10° Pa.

(10) The adhesive sheet according to (4) or (5), wherein the
adhesive layer has an adhesion to a glass substrate of' 3 N/25
mm or more.
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(11) The adhesive sheet according to (4) or (5), wherein a
product of a water vapor transmission rate X (g/m*/day) of the
adhesive layer at a temperature of 40° C. and arelative humid-
ity 0f 90%, and a thickness Y (um) ofthe adhesive layer, is less
than 300.

(12) An electronic device including a transparent substrate, a
device that is formed on the transparent substrate, and a
sealing material that seals the device, the sealing material
including the adhesive composition according to any one of
(D to (3).

(13) An electronic device including a transparent substrate, a
device that is formed on the transparent substrate, and a
sealing material that seals the device, the sealing material
being formed using the adhesive sheet according to any one of
@ to (11).

(14) An electronic device including a transparent substrate, a
device that is formed on the transparent substrate, and an
adhesive sheet that is stacked so as to cover the device, the
adhesive sheet including a gas barrier film, and an adhesive
layer that is formed on the gas barrier film, the adhesive layer
including a composition that includes an isobutylene-iso-
prene copolymer as the main component, the gas barrier film
having a water vapor transmission rate at a temperature of 40°
C. and a relative humidity of 90% of 0.1 g/m*/day or less, and
having a total light transmittance of 80% or more, and the
device being sealed with the adhesive layer.

(15) A method for producing an electronic device that
includes a transparent substrate, a device that is formed on the
transparent substrate, and an adhesive sheet that is stacked so
as to cover the device, the method including stacking the
adhesive sheet according to any one of (4) to (11) so as to
cover the device that is formed on the transparent substrate.

Advantageous Effects of the Invention

[0017] The aspects of the invention thus provide an adhe-
sive composition that is useful for forming an adhesive layer
that exhibits an excellent water barrier capability and excel-
lent adhesion, an adhesive sheet that includes an adhesive
layer that is formed using the adhesive composition, an elec-
tronic device that includes a sealing material that is formed
using the adhesive composition, and a method for producing
the same.

BRIEF DESCRIPTION OF DRAWING

[0018] FIG.1is a view illustrating an example of the layer
configuration of an adhesive sheet according to one embodi-
ment of the invention.

[0019] FIG. 2 is a view illustrating an example of the layer
configuration of an adhesive sheet according to one embodi-
ment of the invention.

[0020] FIG. 3 is a view illustrating an example of an elec-
tronic device according to one embodiment of the invention.

[0021] FIG. 4 is a view illustrating an example of an elec-
tronic device according to one embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

[0022] An adhesive composition, an adhesive sheet, an
electronic device, and a method for producing the same
according to several exemplary embodiments of the invention
are described in detail below.
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1) Adhesive Composition

[0023] An adhesive composition (hereinafter may be
referred to as “adhesive composition (A)”) according to one
embodiment of the invention is an adhesive composition for
sealing an electronic device, the adhesive composition
including an isobutylene-isoprene copolymer as the main
component, the isobutylene-isoprene copolymer having a
content of repeating units derived from isoprene of 0.1 to 99
mol % based on the total repeating units.

[0024] The expression “the adhesive composition includ-
ing an isobutylene-isoprene copolymer as the main compo-
nent” used herein means that the content (on a solid basis) of
the isobutylene-isoprene copolymer in the adhesive compo-
sition is 50 mass % or more.

[0025] Since the adhesive composition (A) includes the
isobutylene-isoprene copolymer as the main component, and
the isobutylene-isoprene copolymer includes repeating units
derived from isoprene as a polymer component, and has a
content of repeating units derived from isoprene within the
above range, the adhesive composition (A) exhibits an excel-
lent water barrier capability and excellent adhesion. There-
fore, the adhesive composition (A) may suitably be used as a
sealing material for an electronic device that can prevent a
situation in which oxygen, water, and the like enter an elec-
tronic device, and cause an electrode and an organic layer to
deteriorate.

[0026] The isobutylene-isoprene copolymer used as the
component of the adhesive composition (A) is described
below.

[0027] The term “isobutylene-isoprene copolymer” used
herein refers to a synthetic rubber that includes a repeating
unit (—CH,—CH(CH,),—) derived from isobutylene and a
repeating unit (—CH,—C(CH;)—CH—CH,—) derived
from isoprene in the molecule. The isobutylene-isoprene
copolymer normally has a content of repeating units derived
from isoprene of 0.1 to 99 mol %, preferably 0.5 to 50 mol %,
and more preferably 1 to 10 mol %, based on the total repeat-
ing units.

[0028] When the content of repeating units derived from
isoprene in the copolymer is within the above range, it is
possible to obtain an adhesive composition that exhibits an
excellent water barrier capability. The reason therefor is not
clear at present. It is conjectured that a stacking effect due to
the double bonds included in the skeleton derived from iso-
prene contributes to the above advantageous effect.

[0029] The isobutylene-isoprene copolymer may be
obtained by subjecting isobutylene and a small amount of
isoprene to cationic copolymerization at a low temperature
using aluminum chloride as a catalyst, for example.

[0030] The isobutylene-isoprene copolymer may have
been copolymerized with an additional rubber component as
long as the advantageous effects of the invention are not
impaired.

[0031] The type of the isobutylene-isoprene copolymer is
not particularly limited. For example, the isobutylene-iso-
prene copolymer may be a recycled isobutylene-isoprene
copolymer, a synthetic isobutylene-isoprene copolymer, or
the like. It is preferable to use a synthetic isobutylene-iso-
prene copolymer.

[0032] These isobutylene-isoprene copolymers may be
used either alone or in combination.
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[0033] The number average molecular weight of the isobu-
tylene-isoprene copolymer is normally 100,000 to 5,000,000,
preferably 150,000 to 2,000,000, and more preferably 200,
000 to 1,000,000.

[0034] When the adhesive composition (A) is prepared
using an isobutylene-isoprene copolymer having a number
average molecular weight within the above range, the adhe-
sive composition (A) exhibits moderate fluidity and sufficient
adhesion. Moreover, since the isobutylene-isoprene copoly-
mer is easily dissolved in a normal organic solvent, it is
possible to efficiently prepare the adhesive composition (A).
[0035] Note that the number average molecular weight of
the isobutylene-isoprene copolymer may be determined by
gel permeation chromatography as a standard polystyrene-
reduced value (standard polystyrene-equivalent value).
[0036] The Mooney viscosity of the isobutylene-isoprene
copolymer is preferably 30 to 60 (ML1+4, 100° C.), and more
preferably 35 to 55 (ML1+4, 100° C.).

[0037] When the Mooney viscosity of the isobutylene-iso-
prene copolymer is within the above range, the isobutylene-
isoprene copolymer is easily dissolved in a normal organic
solvent, and it is possible to efficiently prepare the adhesive
composition (A).

[0038] The content (on a solid basis) of the isobutylene-
isoprene copolymer in the adhesive composition is preferably
50 to 90 mass %, and more preferably 60 to 80 mass %.
[0039] When the content of the isobutylene-isoprene
copolymer in the adhesive composition is within the above
range, it is possible to obtain an adhesive composition (A) that
is useful for forming an adhesive layer that exhibits an excel-
lent water barrier capability and excellent adhesion.

[0040] The adhesive composition (A) may include an addi-
tional rubber-based polymer component as long as the advan-
tageous effects of the invention are not impaired.

[0041] Examples of the additional rubber-based polymer
component include natural rubber (NR), an isobutylene
homopolymer (polyisobutylene (IM)), a copolymer of isobu-
tylene and n-butene, a butadiene homopolymer (butadiene
rubber (BR)), a chloroprene homopolymer (chloroprene rub-
ber (CR)), an isoprene homopolymer (isoprene rubber (IR)),
a copolymer of isobutylene and butadiene, a copolymer of
isobutylene and isoprene (butyl rubber (IIR)), a halogenated
butyl rubber, a copolymer of styrene and 1,3-butadiene (sty-
rene-butadiene rubber (SBR)), a copolymer of acrylonitrile
and 1,3-butadiene (nitrile rubber), a styrene-1,3-butadiene-
styrene block copolymer (SBS), a styrene-isoprene-styrene
block copolymer (SIS), an ethylene-propylene-nonconju-
gated diene ternary copolymer, and the like.

[0042] It is preferable that the adhesive composition (A)
include a tackifier in addition to the isobutylene-isoprene
copolymer.

[0043] When the adhesive composition (A) includes the
tackifier, it is possible to obtain an adhesive composition (A)
that is useful for forming an adhesive layer that exhibits a
further improved water barrier capability and further
improved adhesion.

[0044] Thetackifieris not particularly limited as long as the
tackifier improves the adhesion of the adhesive layer. A
known material 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 cou-
marone-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
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resins or 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 prefer-
able.

[0045] It is preferable to use a hydrogenated resin as the
tackifier since an adhesive layer that is rarely discolored even
at a high temperature and a high humidity can be formed. The
hydrogenated resin may be a partially hydrogenated product,
or may be a completely hydrogenated product.

[0046] The weight average molecular weight of the tacki-
fier is preferably 100 to 10,000, and more preferably 500 to
5000.

[0047] 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.

[0048] 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 an ESCOREZ 1000 series
(manufactured by Exxon Chemical Co., [.td.), and a Quintone
A/B/R/CX series (manufactured by Zeon Corporation); an
alicyclic petroleum resin such as an Arkon P/M series (manu-
factured by Arakawa Chemical Industries, [td.), an
ESCOREZ series (manufactured by Exxon Chemical Co.,
Ltd.), an EASTOTAC series (manufactured by Eastman
Chemical Company), and an IMARV series (manufactured
by Idemitsu Kosan Co., [.td.); a terpene-based resin such as a
YS resin P/A series (manufactured by Yasuhara Chemical
Co., Litd.), a Clearon P series (manufactured by Yasuhara
Chemical Co., Ltd.), and a Piccolyte A/C series (manufac-
tured by Hercules); an ester-based resin such as a Foral series
(manufactured by Hercules), a Pensel A series (manufactured
by Arakawa Chemical Industries, [.td.), an Ester Gum series
(manufactured by Arakawa Chemical Industries, [.td.), a
Super Ester series (manufactured by Arakawa Chemical
Industries, Ltd.), and a Pinecrystal series (manufactured by
Arakawa Chemical Industries, [.td.); and the like.

[0049] When the adhesive composition (A) includes the
tackifier, the tackifier is normally used in an amount of 5 to
100 parts by mass, and preferably 10 to 70 parts by mass,
based on 100 parts by mass of the isobutylene-isoprene
copolymer.

[0050] When the tackifier is used in an amount of 5 parts by
mass or more based on 100 parts by mass of the isobutylene-
isoprene copolymer, it is possible to efficiently form an adhe-
sive layer that exhibits further improved adhesion. When the
tackifier is used in an amount of 70 parts by mass or less based
on 100 parts by mass of the isobutylene-isoprene copolymer,
it is possible to prevent a situation in which the cohesive
strength of the adhesive layer decreases.

[0051] The adhesive composition (A) may include an addi-
tional component as long as the advantageous effects of the
invention are not impaired.

[0052] Examples of the additional component include
additives such as a silane coupling agent, an antistatic agent,
a light stabilizer, an antioxidant, a UV absorber, a resin sta-
bilizer, a filler, a pigment, an extender, and a softener.

[0053] These additives may be used either alone or in com-
bination.
[0054] The content of each additional component in the

adhesive composition (A) is preferably 0.01 to 5 mass %, and
more preferably 0.01 to 2 mass %.

[0055] The adhesive composition (A) may be prepared by
appropriately mixing and stirring the isobutylene-isoprene
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copolymer, the tackifier (optional), an optional additional
component, and a solvent using a normal method.

[0056] 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 ali-
cyclic hydrocarbon-based solvent such as cyclopentane and
cyclohexane; and the like.

[0057] These solvents may be used either alone or in com-
bination.
[0058] The solid content in the adhesive composition (A) is

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

[0059] An adhesive layer that exhibits an excellent water
vapor barrier capability and excellent adhesion can be formed
using the adhesive composition (A).

[0060] An adhesive layer having a thickness of 60 pm that
is formed using the adhesive composition (A) preferably has
awater vapor transmission rate at a temperature of 40° C. and
a relative humidity of 90% of 10 g/m*/day or less, more
preferably 8 g/m*/day or less, and still more preferably 5
g/m?/day or less.

[0061] The water vapor transmission rate of the adhesive
layer may be measured using the method described later in
connection with the examples.

[0062] When an adhesive layer having a thickness of 60 um
that is formed using the adhesive composition (A) has a water
vapor transmission rate within the above range, the adhesive
layer can more effectively suppress entry of water vapor when
used as a sealing material for an electronic device.

[0063] Since the water vapor transmission rate of the adhe-
sive layer depends on the thickness of the adhesive layer, the
water vapor transmission rate of the adhesive layer is con-
verted using the thickness of the adhesive layer when the
thickness of the adhesive layer is not 60 um. For example,
when the thickness of the adhesive layer is A um, and the
water vapor transmission rate of the adhesive layer is B g/m?/
day, the water vapor transmission rate of the adhesive layer is
converted using the expression “AxB/60”.

[0064] An adhesive layer that is formed using the adhesive
composition according to one embodiment of the invention
preferably has a storage modulus at 20 to 60° C. of 10° to 10°
Pa.

[0065] When the storage modulus of the adhesive layer is
within the above range, the adhesive layer sufficiently
adheres to a device formed on a transparent substrate, for
example, and can more effectively suppress entry of water
vapor.

[0066] The storage modulus of the adhesive layer may be
measured using a known dynamic viscoelastometer.

[0067] An adhesive layer that exhibits excellent adhesion
can be formed using the adhesive composition (A). When an
adhesive layer is formed using the adhesive composition (A),
the product of the water vapor transmission rate X (g/m*/day)
of'the adhesive layer at a temperature of 40° C. and a relative
humidity of 90%, and the thickness Y (um) of the adhesive
layer, is preferably less than 300, more preferably 10 to 300,
and still more preferably 100 to 200.

[0068] When the product of the water vapor transmission
rate X and the thickness Y of the adhesive layer is within the
above specific range, it is possible to effectively suppress
entry of water vapor from the side of the adhesive layer when
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a device formed on a transparent substrate is sealed using the
adhesive composition to obtain the electronic device illus-
trated in FIG. 2 (described later), for example.

[0069] Ifthe product of the water vapor transmission rate X
and the thickness Y of the adhesive layer exceeds 300, water
vapor may enter in the thickness direction (side) of the adhe-
sive layer, and a deterioration in a photoelectric conversion
device may occur. If the product of the water vapor transmis-
sion rate X and the thickness Y of the adhesive layer is too
small, sufficient adhesion may not be obtained, and a deterio-
ration in water vapor barrier capability may occur.

[0070] Whether or not an adhesive layer that is formed
using the adhesive composition (A) exhibits excellent adhe-
sion is determined by measuring the adhesion of the adhesive
layer.

[0071] An adhesive layer that is formed using the adhesive
composition (A) preferably has an adhesion to a glass sub-
strate of 1 N/25 mm or more, more preferably 2 N/25 mm or
more, still more preferably 3 N/25 mm or more, particularly
preferably 5 N/25 mm or more, and most preferably 10 N/25
mm or more.

[0072] When the adhesion of the adhesive layer is within
the above range, the adhesive layer sufficiently adheres to a
transparent substrate, and can more effectively suppress entry
of water vapor.

[0073] Theadhesion ofthe adhesive layer may be measured
using the method described later in connection with the
examples.

[0074] The adhesive composition (A) is also useful as a
sealing material for a device formed on a transparent sub-
strate, and a raw material for producing an adhesive sheet
according to one embodiment of the invention (described
later).

2) Adhesive Sheet

[0075] An adhesive sheet according to one embodiment of
the invention is used as a sealing material for an electronic
device, and includes arelease sheet, and an adhesive layer that
is formed on the release sheet (adhesive sheet (A)), or
includes a gas barrier film, and an adhesive layer that is
formed on the gas barrier film (adhesive sheet (B)).

[0076] The adhesive layer included in the adhesive sheet
according to one embodiment of the invention is formed
using the adhesive composition according to one embodi-
ment of the invention.

Adhesive Sheet (A)

[0077] The layer configuration of the adhesive sheet (A)
according to one embodiment of the invention is not particu-
larly limited as long as the adhesive sheet (A) includes the
release sheet, and the adhesive layer that is formed on the
release sheet. For example, the adhesive sheet (A) may have
a layer configuration in which an adhesive layer is provided
between two release sheets so that the adhesive layer comes in
contact with the release-treated surface of each release sheet,
or may have a layer configuration in which a plurality of layer
structural units are stacked, each of the plurality of layer
structural units including a release sheet, and an adhesive
layer that is formed on the release sheet.

[0078] FIG. 1 illustrates an example of the adhesive sheet
(A). The adhesive sheet 10A illustrated in FIG. 1 includes a
release sheet 2a (first release sheet), a release sheet 256 (sec-
ond release sheet), and an adhesive layer 1q that is provided
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between the release sheet 2a and the release sheet 25 so that
the adhesive layer comes in contact with the release-treated
surface of each of the release sheet 2a and the release sheet 25.
The adhesive layer 1a is formed using the adhesive compo-
sition (A) according to one embodiment of the invention.
[0079] Since the adhesive layer included in the adhesive
sheet (A) is formed using the adhesive composition (A), the
adhesive layer exhibits sufficient cohesive strength, a further
improved water barrier capability, and further improved
adhesion.

[0080] Thereleasesheetincluded in the adhesive sheet 10A
is not particularly limited. For example, the release sheet may
be arelease sheet that includes a base, and a release layer that
is provided on the base and subjected to a release treatment
using a release agent. When the adhesive sheet according to
one embodiment of the invention includes two or more
release sheets, the two or more release sheets may be formed
of either an identical material or different materials.

[0081] 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
a paper base; a plastic film formed of a polyethylene tereph-
thalate resin, a polybutyrene terephthalate resin, a polyethyl-
ene naphthalate resin, a polypropylene resin, a polyethylene
resin, or the like; and the like.

[0082] 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.

[0083] The release sheet may be a double-sided release
sheet in which the release layer is formed on each side of the
base, or may be a single-sided release sheet in which the
release layer is formed on one side of the base.

[0084] The thickness of the release sheet is not particularly
limited, but is normally 20 to 200 um, and preferably 25 to
150 pm.

[0085] Theadhesivelayer may be formed using an arbitrary
method. For example, the adhesive layer may be formed by
applying the adhesive composition (A) to the release-treated
surface of the release sheet, or a sealing substrate, using a
known method, and drying the resulting film.

[0086] The adhesive composition (A) 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.

[0087] The film is dried at 80 to 150° C. for 30 seconds to 5
minutes, for example.

[0088] The thickness of the adhesive layer is not particu-
larly limited, and may be appropriately determined taking
account ofthe application. The thickness of the adhesive layer
is preferably 0.5 to 200 um, more preferably 1 to 100 um, and
still more preferably 5 to 80 um. When the thickness of the
adhesive layer is 0.5 um or more, further improved adhesion
can be easily obtained. When the thickness of the adhesive
layer is 100 um or less, it is possible to form the adhesive layer
with high productivity.

[0089] After forming the adhesive layer, the second release
sheet is bonded to the adhesive layer so that the second release
sheet is opposite to the release layer of the first release sheet
through the adhesive layer to obtain the desired adhesive
sheet (A).
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[0090] The adhesive layer included in the adhesive sheet
(A) thus obtained exhibits an excellent water barrier capabil-
ity and excellent adhesion. Therefore, when the adhesive
layer is used as a sealing material, it is possible to sufficiently
prevent entry of water. Since the sealing material is not easily
separated (delaminated) at the bonding interface even when
heat or vibrations occur when the device is driven, it is pos-
sible to prevent entry of water and the like for a long time.
[0091] Therefore, the adhesive sheet (A) may preferably be
used to form a sealing material for an electronic device (de-
scribed later).

[0092] The adhesive sheet (A) is used as a sealing material
for a device that can prevent a situation in which oxygen,
water, and the like enter a device (e.g., organic EL. device)
formed on a transparent substrate, and cause an electrode and
an organic layer to deteriorate.

Adhesive Sheet (B)

[0093] The adhesive sheet (B) according to one embodi-
ment of the invention is used as a sealing material for an
electronic device, and includes the gas barrier film, and the
adhesive layer that is formed on the gas barrier film.

(1) Gas Barrier Film

[0094] The gas barrier film included in the adhesive sheet
(B)has a water vapor transmission rate at a temperature of 40°
C. and a relative humidity of 90% (hereinafter may be
referred to as “90% RH”) of 0.1 g/m?*/day or less, preferably
0.05 g/m*/day or less, and more preferably 0.005 g/m*/day or
less.

[0095] When the gas barrier film has a water vapor trans-
mission rate at 40° C. and 90% RH of 0.1 g/m*/day or less, it
is possible to effectively suppress a situation in which oxy-
gen, water, and the like enter a device (e.g., organic EL
device) formed on a transparent substrate, and cause an elec-
trode and an organic layer to deteriorate.

[0096] The water vapor transmission rate of the gas barrier
film may be measured using a known gas transmission rate
measurement apparatus.

[0097] The gas barrier film included in the adhesive sheet
(B) has a total light transmittance of 80% or more, and pref-
erably 85% or more.

[0098] When the gas barrier film has a total light transmit-
tance of 80% or more, light incident on the device, or light
emitted from the device is rarely blocked. Therefore, the
adhesive sheet according to one embodiment of the invention
can be used as a sealing material for a device formed on a
transparent substrate, for which transparency is required.
[0099] The total light transmittance of the gas barrier film
may be measured using the method described later in connec-
tion with the examples.

[0100] The gas barrier film is not particularly limited as
long as the gas barrier film has a water vapor transmission rate
at 40° C. and 90% RH of 0.1 g/m*/day or less, and has a total
light transmittance of 80% or more. A known gas barrier film
(e.g., a laminate film in which a gas barrier layer is formed on
a base film either directly or through an additional layer) may
be used as the gas barrier film.

[0101] A film formed of a resin (e.g., polyimide, polya-
mide, polyamide-imide, polyphenylene ether, polyether
ketone, polyether ether ketone, polyolefin, polyester, polycar-
bonate, polysulfone, polyether sulfone, polyphenylene sul-
fide, polyarylate, acrylic-based resin, cycloolefin-based poly-
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mer, aromatic-based polymer, or polyurethane-based
polymer) may be used as the base film.

[0102] The thickness of the base film is not particularly
limited, but is preferably 0.5 to 500 pm, more preferably 1 to
200 pm, and still more preferably 5 to 100 um, from the
viewpoint of ease of handling.

[0103] A material for forming the gas barrier layer and the
like are not particularly limited as long as it is possible to
provide the gas barrier layer with the desired gas barrier
capability. Examples of the gas barrier layer include an inor-
ganic film, a gas barrier layer obtained by implanting ions into
a layer that includes a polymer compound, and the like.
[0104] It is preferable that the gas barrier layer be a gas
barrier layer that is formed of an inorganic film, or a gas
barrier layer obtained by implanting ions into a layer that
includes a polymer compound, since it is possible to effi-
ciently form a thin layer that exhibits an excellent gas barrier
capability.

[0105] The inorganic film is not particularly limited.
Examples of the inorganic film include an inorganic depos-
ited film.

[0106] Examples of the inorganic deposited film include a
film obtained by depositing an inorganic compound, and a
film obtained by depositing a metal.

[0107] 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 inorganic sul-
fide; an inorganic oxynitride such as silicon oxynitride; an
inorganic oxycarbide; an inorganic carbonitride; an inorganic
oxycarbonitride; and the like.

[0108] Examples of the metal used as the raw material for
forming the inorganic deposited film include aluminum, mag-
nesium, zinc, tin, and the like.

[0109] Examples of a polymer compound that is used when
forming the gas barrier layer by implanting ions into a layer
that includes a polymer compound (hereinafter may be
referred to as “polymer layer”) include a silicon-containing
polymer compound (e.g., polyorganosiloxane and polysila-
zane-based compound), a polyimide, a polyamide, a polya-
mide-imide, a polyphenylene ether, a polyether ketone, a
polyether ether ketone, a polyolefin, a polyester, a polycar-
bonate, a polysulfone, a polyether sulfone, a polyphenylene
sulfide, a polyallylate, an acrylic-based resin, a cycloolefin-
based polymer, an aromatic polymer, and the like. These
polymer compounds may be used either alone or in combi-
nation.

[0110] Among these, a silicon-containing polymer com-
pound is preferable, and a polysilazane-based compound is
more preferable, since a gas barrier layer that exhibits an
excellent gas barrier capability can be formed.

[0111] A product commercially available as a glass coating
material or the like may be used directly as the polysilazane-
based compound.

[0112] The polysilazane-based compounds may be used
either alone or in combination.

[0113] 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.
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[0114] 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 drying the resulting
film, for example.

[0115] Examples of the ions that are implanted into 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 an alkane-based gas such as methane and
ethane; ions of an alkene-based gas such as ethylene and
propylene; ions of an alkadiene-based gas such as pentadiene
and butadiene; ions of an alkyne-based gas such as acetylene;
ions of an aromatic hydrocarbon-based gas such as benzene
and toluene; ions of a cycloalkane-based gas such as cyclo-
propane; ions of a cycloalkene-based gas such as cyclopen-
tene; ions of a metal; ions of an organosilicon compound; and
the like.

[0116] These ions may be used either alone or in combina-
tion.
[0117] Itis preferableto useions of arare gas such as argon,

helium, neon, krypton, or xenon due to ease of ion implanta-
tion and a capability to form a gas barrier layer that exhibits a
particularly excellent gas barrier capability.

[0118] The ions may be implanted using an arbitrary
method. For example, the ions may be implanted by applying
ions (ion beams) accelerated using an electric field, implant-
ing ions present in 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.
[0119] The gas barrier film may further include an addi-
tional layer such as a protective layer, a conductive layer, or a
primer layer. The additional layer may be situated (stacked) at
an arbitrary position.

[0120] The thickness of the gas barrier film is not particu-
larly limited, but is normally 10 to 2000 nm, preferably 20 to
1000 nm, more preferably 30 to 500 nm, and still more pref-
erably 40 to 200 nm, from the viewpoint of gas barrier capa-
bility and handling capability.

[0121] The gas barrier layer may include a single layer, or
may include a plurality of layers.

(2) Adhesive Layer

[0122] The adhesive sheet (B) includes the adhesive layer
that is formed on the gas barrier film using an adhesive com-
position that includes an isobutylene-isoprene copolymer as
the main component (hereinafter may be referred to as “adhe-
sive composition (B)”).

[0123] The expression “an adhesive composition that
includes an isobutylene-isoprene copolymer as the main
component” used herein means that the content (on a solid
basis) of the isobutylene-isoprene copolymer in the adhesive
composition is 50 mass % or more.

[0124] When the content of the isobutylene-isoprene
copolymer in the adhesive composition is within the above
range, it is possible to obtain an adhesive composition that is
useful for forming an adhesive layer that exhibits an excellent
water barrier capability, excellent transparency, and excellent
adhesion. Specifically, when the adhesive layer is used as a
sealing material for a device formed on a transparent sub-
strate, it is possible to sufficiently prevent entry of water, and
suppress a situation in which light incident on a photoelectric
conversion device, or light emitted from a photoelectric con-
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version device, is blocked. Since the sealing material is not
easily separated (delaminated) at the bonding interface, it is
possible to prevent entry of water and the like for a long time.
[0125] An isobutylene-isoprene copolymer similar to the
isobutylene-isoprene copolymer that is used as the main com-
ponent of the adhesive composition (A) may be used as the
isobutylene-isoprene copolymer.

[0126] The content (on a solid basis) of the isobutylene-
isoprene copolymer in the adhesive composition is preferably
50 to 90 mass %, and more preferably 60 to 80 mass %.
[0127] When the content of the isobutylene-isoprene
copolymer in the adhesive composition is within the above
range, it is possible to obtain an adhesive composition (B) that
is useful for forming an adhesive layer that exhibits an excel-
lent water barrier capability and excellent adhesion.

[0128] The adhesive composition (B) according to one
embodiment of the invention may include an additional rub-
ber-based polymer component as long as the advantageous
effects of the invention are not impaired.

[0129] A rubber-based polymer component similar to the
rubber-based polymer component that may be used as the
component of the adhesive composition (A) may be used as
the additional rubber-based polymer component.

[0130] It is preferable that the adhesive composition (B)
include a tackifier in addition to the isobutylene-isoprene
copolymer.

[0131] When the adhesive composition (B) includes the
tackifier, it is possible to obtain an adhesive composition that
is useful for forming an adhesive layer that exhibits a further
improved water barrier capability, transparency, and adhe-
sion.

[0132] A tackifier similar to the tackifier that may be
included in the adhesive composition (A) may be used as the
tackifier.

[0133] When the adhesive composition (B) includes the
tackifier, the tackifier is normally used in an amount of 5 to
100 parts by mass, and preferably 10 to 70 parts by mass,
based on 100 parts by mass of the isobutylene-isoprene
copolymer.

[0134] When the tackifier is used in an amount of 5 parts by
mass or more based on 100 parts by mass of the isobutylene-
isoprene copolymer, it is possible to efficiently form an adhe-
sive layer that exhibits further improved adhesion. When the
tackifier is used in an amount of 70 parts by mass or less based
on 100 parts by mass of the isobutylene-isoprene copolymer,
it is possible to prevent a situation in which the cohesive
strength of the adhesive layer decreases.

[0135] The adhesive composition (B) may include an addi-
tional component as long as the advantageous effects of the
invention are not impaired.

[0136] Examples of the additional component include
those mentioned above in connection with the adhesive com-
position (A).

[0137] The content of each additional component in the
adhesive composition (B) is preferably 0.01 to 5 mass %, and
more preferably 0.01 to 2 mass %.

[0138] The adhesive composition (B) may be prepared by
appropriately mixing and stirring the isobutylene-isoprene
copolymer, the tackifier (optional), an optional additional
component, and a solvent using a normal method.

[0139] 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,
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and methyl isobutyl ketone; an aliphatic hydrocarbon-based
solvent such as n-pentane, n-hexane, and n-heptane; an ali-
cyclic hydrocarbon-based solvent such as cyclopentane and
cyclohexane; and the like.

[0140] These solvents may be used either alone or in com-
bination.
[0141] The solid content in the resulting adhesive compo-

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

[0142] The thickness of the adhesive layer is preferably 0.5
to 200 um, more preferably 1 to 100 pum, and still more
preferably 5 to 80 um. When the thickness of the adhesive
layer is 0.5 pm or more, further improved adhesion can be
easily obtained. When the thickness of the adhesive layer is
200 pum or less, it is possible to form the adhesive layer with
high productivity.

[0143] The adhesive sheet (B) according to one embodi-
ment of the invention includes at least the gas barrier film, and
the adhesive layer that is formed on the gas barrier film. The
adhesive sheet (B) may include two or more gas barrier films
and/or two or more adhesive layers.

[0144] Examples of the adhesive sheet (B) include an adhe-
sive sheet 10B (see (a) in FIG. 2) that includes a gas barrier
film 3a, and an adhesive layer 15 that is formed on the gas
barrier film 3a, an adhesive sheet 10C (see (b) in FIG. 2) that
is obtained by stacking two adhesive sheets illustrated in (a) in
FIG. 2, an adhesive sheet 10D that is obtained by stacking a
release sheet 2¢ on the adhesive layer of the adhesive sheet
illustrated in (a) in FIG. 2, and the like. Note that the adhesive
sheet (B) according to one embodiment of the invention is not
limited to those illustrated in FIG. 2. For example, the adhe-
sive sheet (B) may have a configuration in which three or
more adhesive sheets illustrated in (a) in FIG. 2 are stacked.

[0145] Whether or not the adhesive layer included in the
adhesive sheet (B) exhibits excellent adhesion is determined
by measuring the adhesion of the adhesive layer.

[0146] Forexample, when the adhesive sheet is bonded to a
glass substrate at 23° C. and 50% RH, and the adhesion of the
adhesive layer is measured after allowing the laminate to
stand for 24 hours, the adhesion of the adhesive layer to the
glass substrate is preferably 3 N/25 mm or more, more pref-
erably 5 N/25 mm or more, and still more preferably 10 N/25
mm or more.

[0147] When the adhesion of the adhesive layer to a glass
substrate is within the above range, the adhesive layer suffi-
ciently adheres to a transparent substrate (e.g., glass sheet),
and can effectively seal a photoelectric conversion device.

[0148] The adhesion ofthe adhesive layer to a polyethylene
terephthalate film is preferably 0.5 N/25 mm or more, more
preferably 1 N/25 mm or more, and still more preferably 5
N/25 mm or more. When the adhesion of the adhesive layer to
a polyethylene terephthalate film is within the above range,
the adhesive layer sufficiently adheres to the gas barrier film,
and can more effectively suppress entry of water vapor from
the interface between the gas barrier film and the adhesive
layer.

[0149] An adhesive layer having a thickness of 60 pm that
is formed using the adhesive composition (B) preferably has
a water vapor transmission rate at a temperature of 40° C. and
a relative humidity of 90% of 10 g/m*/day or less, more
preferably 8 g/m?/day or less, and still more preferably 5
g/m?/day or less.
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[0150] The water vapor transmission rate of the adhesive
layer may be measured using the method described later in
connection with the examples.

[0151] When the water vapor transmission rate of the adhe-
sive layer is within the above range, the adhesive layer can
more effectively suppress entry of water vapor when used as
a sealing material for a photoelectric conversion device
formed on a transparent substrate.

[0152] Since the water vapor transmission rate of the adhe-
sive layer depends on the thickness of the adhesive layer, the
water vapor transmission rate of the adhesive layer is con-
verted using the thickness of the adhesive layer when the
thickness of the adhesive layer is not 60 um. For example,
when the thickness of the adhesive layer is A um, and the
water vapor transmission rate of the adhesive layer is B g/m?/
day, the water vapor transmission rate of the adhesive layer is
converted using the expression “AxB/60”.

[0153] The product of the water vapor transmission rate X
(g/m*/day) of the adhesive layer included in the adhesive
sheet (B) at atemperature of 40° C. and a relative humidity of
90%, and the thickness Y (um) of the adhesive layer included
in the adhesive sheet (B), is preferably less than 300, more
preferably 10 to 300, and still more preferably 100 to 200.
[0154] When the product of the water vapor transmission
rate X and the thickness Y of the adhesive layer is less than
300, it is possible to effectively suppress entry of water vapor
from the side of the adhesive layer when a photoelectric
conversion device formed on a transparent substrate is sealed
using the adhesive composition. If the product of the water
vapor transmission rate X and the thickness Y of the adhesive
layer exceeds 300, water vapor may enter in the thickness
direction (side) of the adhesive layer, and a deterioration in
photoelectric conversion device may occur. If the product of
the water vapor transmission rate X and the thickness Y of the
adhesive layer is too small, sufficient adhesion may not be
obtained, and a deterioration in water vapor barrier capability
may occur.

(3) Method for Producing Adhesive Sheet (B)

[0155] The adhesive sheet (B) may be produced using a
known method. For example, the adhesive sheet 10B (see (a)
in FIG. 2) may be produced as described below.

(1) Production Method 1

[0156] The gas barrier film 3a is provided. The adhesive
composition (B) is applied to the gas barrier film 3a using a
known method, and the resulting film is dried to form the
adhesive layer 15 to obtain the desired adhesive sheet 10B.
[0157] After forming the adhesive layer, the release sheet
2¢ may be stacked on the adhesive layer in order to protect the
adhesive layer of the resulting adhesive sheet to obtain the
adhesive sheet 10D (see (¢) in FIG. 2) provided with a release
sheet.

[0158] The adhesive composition (B) 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.

[0159] The film is dried at 80 to 150° C. for 30 seconds to 5
minutes, for example.

[0160] The dried film may be allowed to stand for about 1
week to cure the adhesive layer.
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[0161] Examples of the release sheet include those men-
tioned above in connection with production of the adhesive
sheet 10A.

(i1) Production Method 2

[0162] The adhesive sheet (B) may also be produced as
described below.

[0163] Specifically, a release sheet that has been subjected
on one side to a release treatment using a release agent, is
provided. The adhesive composition is applied to the release-
treated surface of the release sheet using a known method in
the same manner as in the production method 1, and the
resulting film is dried to form an adhesive layer to obtain an
adhesive sheet provided with a release sheet. The adhesive
sheet provided with a release sheet is stacked on the gas
barrier film to obtain the adhesive sheet 10D (see (¢) in FIG.
2) provided with a release sheet.

[0164] The adhesive sheet (B) obtained as described above
includes the gas barrier film that exhibits an excellent gas
barrier capability and excellent transparency, and the adhe-
sive layer that exhibits an excellent water barrier capability,
excellent transparency, and excellent adhesion.

[0165] Therefore, the adhesive sheet according to one
embodiment of the invention may suitably be used as a seal-
ing material for a device formed on a transparent substrate
that can prevent a situation in which oxygen, water, and the
like enter a device formed on a transparent substrate, and
cause an electrode and a device to deteriorate.

[0166] Since the adhesive layer included in the adhesive
sheet (B) exhibits an excellent water barrier capability, excel-
lent transparency, and excellent adhesion, the adhesive sheet
according to one embodiment of the invention may preferably
be used to seal an electronic device (described later).

[0167] Since the adhesive layer exhibits excellent adhesion
and an excellent water barrier capability, it is possible to take
full advantage of the performance of the gas barrier film, and
seal a device formed on a transparent substrate.

[0168] The adhesive sheet (B) according to one embodi-
ment of the invention is used as a sealing material for a device
that can prevent a situation in which oxygen, water, and the
like enter a device (e.g., organic EL device) formed on a
transparent substrate, and cause an electrode and an organic
layer to deteriorate.

3) Electronic Device

[0169] An electronic device according to one embodiment
of'the invention 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 formed of the
adhesive composition (A) according to one embodiment of
the invention (electronic device (A)), or includes a transpar-
ent substrate, a device that is formed on the transparent sub-
strate, and an adhesive sheet that is stacked so as to cover the
device, the adhesive sheet including a gas barrier film, and an
adhesive layer that is formed on the gas barrier film, the
adhesive layer being formed of a composition that includes an
isobutylene-isoprene copolymer as the main component, the
gas barrier film having a water vapor transmission rate at a
temperature of 40° C. and a relative humidity of 90% of 0.1
g/m*/day or less, and having a total light transmittance of 80%
or more, and the device being sealed with the adhesive layer
(electronic device (B)).

Oct. 22,2015

[0170] 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.

[0171] Examples of the device include a photoelectric con-
version device such as a device that converts electrical energy
into light (e.g., light-emitting diode and semiconductor 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.

[0172] The type, the size, the shape, the number, and the
like of the device(s) formed on the transparent substrate are
not particularly limited as long as the device can be sealed
using the adhesive composition according to one embodi-
ment of the invention.

[0173] The transparent substrate on which the device is
formed is not particularly limited. Various substrate materials
may be used. In particular, it is preferable to use a substrate
material having high visible light transmittance. It is prefer-
able to use a material that exhibits a high barrier capability
that blocks entry of water and gas from the outside of the
device, and exhibits excellent solvent resistance and excellent
weatherability. Specific examples of such a material include a
transparent inorganic material such as quartz and glass; a
transparent plastic such as polyethylene terephthalate, poly-
ethylene naphthalate, polycarbonate, polystyrene, polyethyl-
ene, polypropylene, polyphenylene sulfide, polyvinylidene
fluoride, acetyl cellulose, phenoxy bromide, an aramid, a
polyimide, a polystyrene, a polyarylate, a polysulfone, and a
polyolefin; and the like.

[0174] The thickness of the transparent substrate is not
particularly limited, and may be appropriately selected taking
account of light transmittance and a barrier capability.
[0175] A transparent conductive layer may be provided on
the transparent substrate. The sheet resistance of the transpar-
ent electrode layer is preferably 500 Q/sq or less, and more
preferably 100 ©/sq or less.

[0176] 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
(SnO,) (FTO), tin(IV) oxide (Sn0,), zinc(1l) oxide (ZnO),
indium zinc oxide (IZO), and the like.

[0177] These materials may be used either alone or in com-
bination.

Electronic Device (A)

[0178] The electronic device (A) according to one embodi-
ment of the invention includes the transparent substrate, the
device that is formed on the transparent substrate, and the
sealing material that seals the device, the sealing material
being formed of the adhesive composition (A) according to
one embodiment of the invention.

[0179] FIG. 3 is a cross-sectional view illustrating the
structure of an organic EL device as an example of the elec-
tronic device (A) according to one embodiment of the inven-
tion.

[0180] Anorganic EL device 20A includes a glass substrate
11, and a structure 12 that is formed on the glass substrate 11.
The structure 12 is formed by stacking a transparent elec-
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trode, a hole-transporting layer, an emitting layer, a bottom
electrode, and the like (not illustrated in FIG. 3). An adhesive
layer 10A and a sealing substrate 4 are stacked (laminated) on
the structure 12 and the glass substrate 11.

[0181] Since the structure 12 of the organic EL device is
covered with the adhesive layer 10A, entry of water and the
like is suppressed. Since the adhesive layer 10A exhibits
excellent adhesion, delamination rarely occurs at the inter-
face between the adhesive layer 10A and the sealing substrate
4, and the interface between the adhesive layer 10A and the
structure 12, and entry of water and the like from the interface
is suppressed.

[0182] The electronic device (A) may be produced as
described below, for example. An adhesive sheet that includes
a release sheet, and an adhesive layer that is formed on the
release sheet (adhesive sheet (A) according to one embodi-
ment of the invention) is provided. The adhesive layer
included in the adhesive sheet (A) is formed using the adhe-
sive composition (A) according to one embodiment of the
invention. The adhesive layer of the adhesive sheet (A) is
bonded to an adherend (i.e., an optical device such as an
organic EL device) so as to cover the adherend. The adhesive
layer that exhibits excellent adhesion to the adherend and an
excellent water barrier capability, and functions as a sealing
material, is thus provided on the surface of the adherend.
After removing the release sheet, the sealing substrate 4 is
stacked on the exposed adhesive layer. The adhesive layer that
exhibits excellent adhesion to the adherend and an excellent
water barrier capability, and functions as a sealing material, is
thus provided on the surface of the adherend.

[0183] A known substrate such as a glass sheet or a plastic
film may be used as the sealing substrate 4.

[0184] Examples of the plastic film include a film and a
sheet formed of a resin (e.g., polyimide, polyamide, polya-
mide-imide, polyphenylene ether, polyether ketone, poly-
ether ether ketone, polyolefin, polyester, polycarbonate,
polysulfone, polyether sulfone, polyphenylene sulfide, pol-
yarylate, acrylic-based resin, cycloolefin-based polymer, aro-
matic-based polymer, or polyurethane-based polymer).

[0185] The thickness of the sealing substrate 4 is not par-
ticularly limited, but is preferably 0.5 to 500 um, more pref-
erably 1 to 200 um, and still more preferably 5 to 100 pm,
from the viewpoint of ease of handling.

[0186] A gasbarrier layer may be formed on the plastic film
either directly or through an additional layer in order to pro-
vide the plastic film with a gas barrier capability. The thick-
ness of the gas barrier layer is not particularly limited, but is
normally 10 to 2000 nm, preferably 20 to 1000 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.

[0187] The gas barrier layer may include a single layer, or
may include a plurality of layers. It is preferable that the gas
barrier layer include a plurality of layers since a higher gas
barrier capability can be obtained.

[0188] A material for forming the gas barrier layer and the
like are not particularly limited as long as it is possible to
provide the gas barrier layer with the desired gas barrier
capability.

[0189] A protective layer, a conductive layer, a primer
layer, or the like may be stacked on the sealing substrate 4.
These layers may be situated (stacked) at an arbitrary posi-
tion.
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[0190] The water vapor transmission rate of the sealing
substrate 4 at a temperature of 40° C. and a relative humidity
of 90% is preferably 0.5 g/(m>-day) or less, and more prefer-
ably 0.05 g/(m*-day) or less.

Electronic Device (B)

[0191] The electronic device (B) according to one embodi-
ment of the invention includes the transparent substrate, the
device that is formed on the transparent substrate, and the
adhesive sheet that is stacked so as to cover the device, the
adhesive sheet including the gas barrier film, and the adhesive
layer that is formed on the gas barrier film, the adhesive layer
being formed of a composition that includes an isobutylene-
isoprene copolymer as the main component, the gas barrier
film having a water vapor transmission rate at a temperature
of 40° C. and a relative humidity of 90% of 0.1 g/m*/day or
less, and having a total light transmittance of 80% or more,
and the device being sealed with the adhesive layer.

[0192] FIG. 4 illustrates the structure of an organic EL
device (i.e., photoelectric conversion device) as an example
of' the electronic device (B) according to one embodiment of
the invention. An organic EL. device 20B includes a glass
substrate (transparent substrate) 11, and a structure 12 that is
formed on the glass substrate 11. An adhesive sheet 10B that
includes an adhesive layer 1 and a gas barrier film 3 is stacked
(laminated) on the structure 12 and the glass substrate 11.

[0193] Theorganic EL device 20B illustrated in FIG. 4 may
be produced as described below, for example.

[0194] The adhesive layer 1 of the adhesive sheet 10B
according to one embodiment of the invention is bonded to
the structure 12 and the glass substrate 11 to obtain the
organic EL device 20B illustrated in FIG. 4.

[0195] Since the structure 12 of the organic EL device 20B
is covered with the adhesive layer 1 of the adhesive sheet 10B
according to one embodiment of the invention, entry of water
and the like is suppressed. Since the adhesive sheet 10B
according to one embodiment of the invention includes the
gas barrier film 3 that exhibits an excellent water barrier
capability and excellent transparency, and the adhesive layer
1 that exhibits an excellent water barrier capability and excel-
lent adhesion, and is formed of the adhesive composition that
includes the isobutylene-isoprene copolymer as the main
component, delamination rarely occurs at the interface
between the adhesive layer 1 and the gas barrier film 3, and it
is possible to suppress a situation in which oxygen, water, and
the like enter the device, and cause the electrode and the
organic layer to deteriorate.

[0196] Since the structure 12 is sealed with the gas barrier
film 3 and the adhesive layer 1 that exhibit excellent trans-
parency, light incident on the structure 12, or light emitted
from the structure 12, is not blocked, and the performance of
the structure 12 can be maintained at a high level.

EXAMPLES

[0197] The invention is further described below by way of
examples. Note that the invention is not limited to the follow-
ing examples.

[0198] Note that the units “parts” and “%” used in connec-
tion with the examples respectively refer to “parts by mass”
and “mass %" unless otherwise indicated.
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Compound

[0199] The following compounds and materials were used
in the examples. Isobutylene-isoprene copolymer (1):
“Exxon Butyl 268 manufactured by Japan Butyl Co., Ltd.,
number average molecular weight: 260,000, isoprene con-
tent: 1.7 mol % Isobutylene-isoprene copolymer (2): “Exxon
Butyl 288” manufactured by Japan Butyl Co., Ltd., number
average molecular weight: 260,000, isoprene content: 2.3
mol % Polyisobutylene-based resin (1): “Oppanol B30”
manufactured by BASF, number average molecular weight:
200,000, isoprene content: 0 mol % Polyisobutylene-based
resin (2): “Oppanol B50” manufactured by BASF, number
average molecular weight: 340,000, isoprene content: 0 mol
%

[0200] Note that the number average molecular weight of
the isobutylene-isoprene copolymer was determined as a
standard polystyrene-reduced value (standard polystyrene-
equivalent value) by performing gel permeation chromatog-
raphy under the following conditions.

[0201] Device: “HLC-8020” manufactured by Tosoh Cor-
poration
[0202] Column: TSK guard column HXL-H, TSK gel

GMHXL (x2), and TSK gel G2000HXI, (manufactured by
Tosoh Corporation)

[0203] Column temperature: 40° C.
[0204] Eluvant: tetrahydrofuran
[0205] Flow rate: 1.0 mL/min

Tackifier (1): aliphatic petroleum resin (“Quintone A100”
manufactured by Zeon Corporation, softening point: 100° C.)

Tackifier (2): aliphatic petroleum resin (“Quintone B170”
manufactured by Zeon Corporation, softening point: 70° C.)

Tackifier (3): aliphatic petroleum resin (“Quintone R100”
manufactured by Zeon Corporation, softening point: 96° C.)

[0206] The softening point of the tackifiers (1) to (3) was
measured in accordance with JIS K 2531.

Release sheet (1): polyethylene terephthalate film subjected
to a silicone release treatment (“SP-PET381130” manufac-
tured by Lintec Corporation, thickness: 38 um)

Release sheet (2): polyethylene terephthalate film subjected
to a silicone release treatment (“SP-PET38T103-1" manufac-
tured by Lintec Corporation, thickness: 38 um)

Oct. 22,2015

Example 1

Preparation of Adhesive Composition
[0207] 100 parts of the isobutylene-isoprene copolymer (1)
was dissolved in toluene to prepare an adhesive composition
having a solid content of 20%.

Production of Adhesive Sheet

[0208] The adhesive composition was applied to the
release-treated surface of the release sheet (2) so that the
thickness after drying was 60 um, and the resulting film was
dried at 120° C. for 2 minutes to form an adhesive layer. The
release-treated surface of the release sheet (1) was bonded to
the adhesive layer to obtain an adhesive sheet.

Examples 2 to 18 and Comparative Examples 1 to 5

[0209] An adhesive composition was prepared in the same
manner as in Example 1, except that each component and the
amount of each component were changed as shown in Table
1, and an adhesive sheet was produced in the same manner as
in Example 1, except that the resulting adhesive composition
was used.

Comparative Example 5

[0210] A reactor was charged with 90 parts of butyl acry-
late, 10 parts of acrylic acid, and 0.2 parts of azobisisobuty-
ronitrile (initiator), which were mixed. The resulting mixture
was deaerated by bubbling nitrogen gas for 4 hours, and
heated to 60° C. with stirring. The mixture was stirred at 60°
C. for 24 hours to effect a polymerization reaction. The reac-
tion mixture was diluted with ethyl acetate to obtain an ethyl
acetate solution of an acrylic-based copolymer (weight aver-
age molecular weight: 650,000) (solid content: 33%).
[0211] After the addition of an ethyl acetate solution of
trimethylolpropane-modified tolylene diisocyanate (“Coro-
nate [.” manufactured by Nippon Polyurethane Industry Co.,
Ltd., solid content: 75 mass %) (crosslinking agent) so that
the amount of solid was 1.5 parts based on 100 parts of the
solid included in the ethyl acetate solution, toluene was added
to the mixture to obtain an adhesive composition including an
acrylic-based copolymer as the main component (solid con-
tent: 20%).

[0212] Anadhesive sheet was produced in the same manner
as in Example 1, except that the resulting adhesive composi-
tion was used.

[0213] Table 1 shows the composition of the adhesive lay-
ers of the adhesive sheets obtained in the examples and the
comparative examples.

TABLE 1

Adhesive laver

Isobutylene-isoprene copolymer

(parts by mass)

Polyisobutylene

Isobutylene-isoprene Isobutylene-isoprene Polyisobutylene  Polyisobutylene Tackifier

copolymer (1) copolymer (2) (€8] 2) 1 2 3
Example 1 100 — — — _ = —
Example 2 100 — — — 10 — —
Example 3 100 — — — 20 — —
Example 4 100 — — — 30 — —
Example 5 100 — — — 40 — —
Example 6 100 — — — 50 — —
Example 7 100 — — — — 10 —
Example 8 100 — — — — 20 —
Example 9 100 — — — — 30 —
Example 10 100 — — — — 40 —
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TABLE 1-continued
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Adhesive layer

Isobutylene-isoprene copolymer
(parts by mass)

Polyisobutylene

Isobutylene-isoprene Isobutylene-isoprene Polyisobutylene  Polyisobutylene Tackifier

copolymer (1) copolymer (2) (€8] 2) 1 2 3
Example 11 100 — — — — 50 —
Example 12 100 — — — — — 10
Example 13 100 — — — — — 20
Example 14 100 — — — — 30
Example 15 100 — — — — — 40
Example 16 100 — — — — — 50
Example 17 — 100 — — 20 — —
Example 18 — 100 — — 50 — —
Comparative — — 100 — _ = —
Example 1
Comparative — — 100 — 20 — —
Example 2
Comparative — — — 100 _ = —
Example 3
Comparative — — — 100 20 — —
Example 4
Production of Organic EL Device [0220] Theorganic EL devices obtained as described above

[0214] An indium tin oxide (ITO) film (thickness: 150 nm,
sheet resistance: 30 Q/sq) was formed on the surface of'a glass
substrate using a sputtering method, and subjected to a sol-
vent washing treatment and a UV/ozone treatment to form an
anode.

[0215] N,N'-Bis(naphthalen-1-y1)-N,N'-bis(phenyl)-ben-

zidine) (manufactured by Luminescence Technology) (60
nm), tris(8-hydroxyquinolinato)aluminum (manufactured by
Luminescence Technology) (40 nm), 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (manufactured by Lumines-
cence Technology) (10 nm), and (8-hydroxyquinolinolato)
lithium (manufactured by Luminescence Technology) (10
nm) were sequentially deposited on the anode (ITO film) at a
deposition rate 0f 0.1 to 0.2 nny/s to form an emitting layer.

[0216] Aluminum (Al) (manufactured by Kojundo Chemi-
cal Lab. Co., L.td.) (100 nm) was deposited on the emitting
layer at a deposition rate of 0.1 nm/s to form a cathode.

[0217] Note that the degree of vacuum during deposition
was set to 1x10™* Pa or less.

[0218] After removing the release sheet (1) from the adhe-
sive sheet obtained in Example 1, the exposed adhesive layer
was bonded to a laminate film obtained by bonding a poly-
ethylene terephthalate sheet (12 um) to each side of an alu-
minum foil (7 um) using a urethane-based adhesive layer
(manufactured by Asia Alumi Co., [.td.) (sealing substrate) to
obtain a sealing substrate provided with an adhesive layer.
The sealing substrate provided with an adhesive layer was
dried by heating at 120° C. for 10 minutes in a nitrogen
atmosphere using a hot plate, and allowed to cool to room
temperature. After removing the release sheet (2) from the
sealing substrate provided with an adhesive layer, the exposed
adhesive layer was laminated on the cathode so as to cover the
entirety of the cathode to obtain an organic EL device.

[0219] Organic EL. devices were produced in the same
manner as in Example 1, except that the adhesive sheets
obtained in Examples 2 to 18 and Comparative Examples 1 to
5 were respectively used.

were subjected to the following measurements, and evaluated
as described below. The measurement results and the evalu-
ation results are shown in Table 2.

Measurement of Water Vapor Transmission Rate

[0221] After removing the release sheets (1) and (2) from
the adhesive sheet, the adhesive sheet was bonded to a poly-
ethylene terephthalate film (manufactured by Mitsubishi
Plastics Inc., thickness: 6 um) to obtain a water vapor trans-
mission rate measurement sample in which the adhesive layer
was situated between two polyethylene terephthalate films.
The water vapor transmission rate of the adhesive layer was
measured at 40° C. and 90% RH using a water vapor trans-
mission rate measurement apparatus (“L.80-5000” manufac-
tured by LYSSY).

Measurement of Adhesion

[0222] The adhesive composition (adhesive compositions
used in Examples 1 to 18 and Comparative Examples 1 to 5)
was applied to the release-treated surface of the release sheet
(2) so that the thickness after drying was 20 um, and the
resulting film was dried at 120° C. for 2 minutes to form an
adhesive layer. A laminate film obtained by bonding a poly-
ethylene terephthalate sheet (12 um) to each side of an alu-
minum foil (7 um) using a urethane-based adhesive layer
(manufactured by Asia Alumi Co., L.td.) was bonded to the
adhesive layer to obtain an adhesion measurement sample.

[0223] The sample was cut to dimensions of 25x300 mm.
After removing the release sheet (2), the exposed adhesive
layer was bonded to an adherend (see below) at 23° C. and
50% RH, and the adhesive sheet and the adherend were com-
pression-bonded by reciprocating a roller having a weight of
2 kg by one stroke to obtain a specimen.

[0224] After allowing the specimen to stand at 23° C. and
50% RH for 24 hours, the specimen was subjected to a peel
test at 23° C. and 50% RH using a tensile tester (“Tensilon”
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manufactured by Orientec Co., [td.) at a peel rate of 300
mm/min and a peel angle of 180° to measure the adhesion
(N/25 mm) of the specimen.

[0225] The following adherends were used for the mea-
surement of adhesion. PET film: Cosmoshine A4100 manu-
factured by Toyobo Co., Ltd., thickness: 50 pm Glass sheet
(soda-lime glass): product manufactured by Nippon Sheet
Glass Co., Ltd.

Water Entry Test

[0226] After removing the release sheet (1) from the adhe-
sive sheet, the adhesive layer was bonded to a laminate film
obtained by bonding a polyethylene terephthalate sheet (12
um) to each side of an aluminum foil (7 pum) using a urethane-
based adhesive layer (manufactured by Asia Alumi Co., [td.)
to obtain a water entry test sample.

[0227] A calcium layer having a length of 32 mm, a width
of 40 mm, and a thickness of 100 nm was formed on an
alkali-free glass substrate (manufactured by Corning, 45x45
mm) using a vacuum deposition method.

[0228] After removing the release sheet (2) from the water
entry test sample, the exposed adhesive layer was bonded to
the calcium layer formed on the glass substrate in a nitrogen
atmosphere using a laminator to obtain a water entry test
specimen in which the calcium layer was sealed.

[0229] The resulting specimen was allowed to stand at 60°
C. and 90% RH for 170 hours, and the degree of discoloration
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of the calcium layer (i.e., the degree of entry of water) was
observed with the naked eye. The water barrier capability was
evaluated in accordance with the following standard.

Evaluation Standard

[0230] A: Less than 20% (area ratio) of the calcium layer
was discolored.

B: 20% or more and less than 40% (area ratio) of the calcium
layer was discolored.

C: 40% or more (area ratio) of the calcium layer was discol-
ored.

Evaluation of Organic EL. Device (Organic Device)

[0231] The organic EL device produced as described above
was allowed to stand at 23° C. and 50% RH for 200 hours, and
driven to observe the presence or absence of a dark spot (i.e.,
an area in which light was not emitted). The organic EL
device was evaluated in accordance with the following stan-
dard.

Good: The ratio of a dark spot area was less than 5% with
respect to the emission area.

Fair: The ratio of a dark spot area was 5% or more and less
than 10% with respect to the emission area.

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

TABLE 2
Water vapor Water vapor Adhesion
transmission rate  Thickness  transmission ~PET Glass
(g/m?/day) (um) rate x thickness ~ N/25 mm Water entry test

Example 1 2.8 60 168 0.6 3.2 A
Example 2 2.6 60 156 4.2 103 A
Example 3 2.7 60 162 72 138 A
Example 4 2.8 60 168 104 15 A
Example 5 2.8 60 168 112 16.8 A
Example 6 2.8 60 168 112 184 A
Example 7 2.8 60 168 29 632 A
Example 8 2.8 60 168 7.86 8.42 A
Example 9 2.8 60 168 82 11.6 A
Example 10 2.8 60 168 114 134 A
Example 11 2.8 60 168 14.6 184 A
Example 12 2.7 60 162 32 9.2 A
Example 13 2.7 60 162 72 122 A
Example 14 2.8 60 168 122 152 A
Example 15 2.8 60 168 152 182 A
Example 16 2.9 60 174 16.2 19.8 A
Example 17 3.1 60 186 6.9 124 A
Example 18 3 60 180 10.8  17.6 A
Comparative 6 60 360 0.6 23 B
Example 1

Comparative 6 60 360 63 114 B
Example 2

Comparative 6 60 360 0.3 1.2 B
Example 3

Comparative 6 60 360 4.8 8.5 B
Example 4

Comparative 98 60 5880 11.6 10.2 C

Example 5
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[0232] The following were confirmed from the results
shown in Table 2.

[0233] The adhesive layers that were respectively formed
using the adhesive compositions of Examples 1 to 18 had a
low water vapor transmission rate, and exhibited an excellent
water barrier capability and excellent adhesion. The organic
EL devices that were sealed with the sealing materials that
were respectively formed using the adhesive compositions of
Examples 1 to 18 showed high performance when subjected
to the water entry test, and exhibited high durability. On the
other hand, the adhesive layers that were formed using the
adhesive compositions of Comparative Examples 1 to 4
including a polyisobutylene-based resin (that did not include
isoprene) as the main component showed insufficient perfor-
mance when subjected to the water entry test, and the organic
EL devices exhibited low durability. The adhesive layer of
Comparative Example 5 that was formed using the adhesive
composition including an acrylic-based copolymer as the
main component had a high water vapor transmission rate,
and showed low performance when subjected to the water
entry test, and the organic EL device exhibited low durability.

Production of Gas Barrier Film (A)

[0234] A polysilazane compound (“Aquamika NI.110-20”
manufactured by Clariant Japan K K. (i.e., a coating material
including perhydropolysilazane as the main component)) was
spin-coated onto a polyethylene terephthalate film (“Cosmo-
shine A4100” manufactured by Toyobo Co., Ltd., thickness:
50 um, hereinafter referred to as “PET film”) (base), and
heated at 120° C. for 1 minute to form a polysilazane layer
including perhydropolysilazane (thickness: 150 nm). Argon
(Ar) ions were implanted into the surface of the polysilazane
layer under the following conditions using a plasma ion
implantation apparatus to form a gas barrier layer to obtain a
gas barrier film (A).

[0235] Thedetails of the plasma ion implantation apparatus
and the ion implantation conditions used to form the gas
barrier layer are shown below.

[0236] Plasma ion implantation apparatus

[0237] RF power supply: “RF56000” manufactured by
JEOL Ltd.

[0238] High-voltage pulse power supply: “PV-3-HSHV-

0835” manufactured by Kurita

[0239] Seisakusho Co., Ltd.

[0240] Plasma ion implantation conditions

[0241] Plasma-generating gas: Ar

[0242] Gas flow rate: 100 sccm

[0243] Duty ratio: 0.5%

[0244] Applied voltage: -15kV

[0245] RF power supply: frequency: 13.56 MHz, applied

electric power: 1000 W

[0246] Chamber internal pressure: 0.2 Pa
[0247] Pulse width: 5 psec
[0248] Treatment time (ion implantation time): 200 sec

Production of Gas Barrier Film (B)

[0249] A polysilazane compound (“Aquamika NI.110-20”
manufactured by Clariant Japan K K. (i.e., a coating material
including perhydropolysilazane as the main component)) was
spin-coated onto a polyethylene terephthalate film (“Cosmo-
shine A4100” manufactured by Toyobo Co., Ltd., thickness:
50 um, hereinafter referred to as “PET film”) (base), and
heated at 120° C. for 1 minute to form a polysilazane layer
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including perhydropolysilazane (thickness: 150 nm). Argon
(Ar) ions were implanted into the surface of the polysilazane
layer under the following conditions using a plasma ion
implantation apparatus to form a gas barrier layer to obtain a
gas barrier film (B).

[0250] Thedetails of the plasma ion implantation apparatus
and the ion implantation conditions used to form the gas
barrier layer are shown below.

[0251] Plasma ion implantation system

[0252] RF power supply: “RF56000” manufactured by
JEOL 1td.

[0253] High-voltage pulse power supply: “PV-3-HSHV-

0835” manufactured by Kurita

[0254] Seisakusho Co., Ltd.

[0255] Plasma ion implantation conditions

[0256] Plasma-generating gas: Ar

[0257] Gas flow rate: 100 sccm

[0258] Duty ratio: 0.5%

[0259] Applied voltage: -6 kV

[0260] RF power supply: frequency: 13.56 MHz, applied

electric power: 1000 W

[0261] Chamber internal pressure: 0.2 Pa
[0262] Pulse width: 5 psec
[0263] Treatment time (ion implantation time): 200 sec

Production of Gas Barrier Film (C)

[0264] A gas barrier layer (silicon oxide layer, thickness:
100 nm) was formed on a polyethylene terephthalate film
(“PET38T-100" manufactured by Mitsubishi Plastics Inc.,
thickness: 38 um, hereinafter referred to as “PET film”)
(base) using a sputtering method to obtain a gas barrier film

©.
Production of Gas Barrier Film (D)

[0265] A gas barrier layer (silicon nitride layer, thickness:
100 nm) was formed on a polyethylene terephthalate film
(“PET38T-100" manufactured by Mitsubishi Plastics Inc.,
thickness: 38 um, hereinafter referred to as “PET film”)
(base) using a sputtering method to obtain a gas barrier film

D).
Example 19

Preparation of Adhesive Composition

[0266] 100 parts of the isobutylene-isoprene copolymer (1)
was dissolved in toluene to prepare an adhesive composition
1 having a solid content of 20%.

Production of Adhesive Sheet

[0267] The adhesive composition 1 was applied to the gas
barrier layer of the gas barrier film (A) so that the thickness
after drying was 20 um, and the resulting film was dried at
110° C. for 1 minute to form an adhesive layer. The release-
treated surface of a polyethylene terephthalate film subjected
to a silicone release treatment (“SP-PET381130” manufac-
tured by Lintec Corporation, thickness: 38 um) (release sheet)
was bonded to the adhesive layer to obtain an adhesive sheet.

Examples 20 to 38 and Comparative Examples 6, 7,
and 9

[0268] Adhesive compositions 2 to 24 were obtained in the
same manner as in Example 19, except that the composition



US 2015/0299519 Al

was changed as shown in Table 3. Adhesive sheets were
produced in the same manner as in Example 19, except that
the resulting adhesive composition, and the gas barrier film
shown in Table 4 were used.

Comparative Example 8

[0269] A reactor was charged with 90 parts of butyl acry-
late, 10 parts of acrylic acid, and 0.2 parts of azobisisobuty-
ronitrile (initiator), which were mixed. The resulting mixture
was deaerated by bubbling nitrogen gas for 4 hours, and
heated to 60° C. with stirring. The mixture was stirred at 60°
C. for 24 hours to effect a polymerization reaction. The reac-
tion mixture was diluted with ethyl acetate to obtain an ethyl
acetate solution of an acrylic-based copolymer (weight aver-
age molecular weight: 650,000) (solid content: 33%).
[0270] After the addition of an ethyl acetate solution of
trimethylolpropane-modified tolylene diisocyanate (“Coro-
nate .” manufactured by Nippon Polyurethane Industry Co.,
Ltd., solid content: 75 mass %) (crosslinking agent) so that
the amount of solid was 1.5 parts based on 100 parts of the
solid included in the ethyl acetate solution, toluene was added
to the mixture to obtain an adhesive composition including an
acrylic-based copolymer as the main component (solid con-
tent: 20%).

[0271] An adhesive sheet was produced in the same manner
as in Example 19, except that the resulting adhesive compo-
sition was used.

[0272] Table 3 shows the composition of the adhesive lay-
ers of the adhesive sheets obtained in the examples and the
comparative examples.

TABLE 3
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Production of Organic EL Device

[0273] A glass substrate was subjected to a solvent washing
treatment and a UV/ozone treatment, and aluminum (Al)
(manufactured by Kojundo Chemical Lab. Co., Ltd.) (100
nm) was deposited on the glass substrate at a deposition rate
of 0.1 nm/s to form a cathode. (8-Hydroxyquinolinato)
lithium (manufactured by Luminescence Technology) (10
nm), 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (manu-
factured by Luminescence Technology) (10 nm), tris(8-hy-
droxyquinolinato)aluminum (manufactured by Lumines-
cence Technology) (40 nm), and N,N'-bis(naphthalen-1-yl)-
N,N'-bis(phenyl)-benzidine) (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. An indium tin oxide
(ITO) film (thickness: 100 nm, sheet resistance: 50 €2/sq) was
formed on the emitting layer using a sputtering method to
form an anode.

[0274] Note that the degree of vacuum during deposition
was set to 1x107* Pa or less.

[0275] The adhesive sheet (obtained in the examples and
the comparative examples) was dried by heating at 120° C. for
30 minutes in a nitrogen atmosphere using a hot plate, and
allowed to cool to room temperature. After removing the
release sheet from the adhesive sheet, the exposed adhesive

Isobutylene-isoprene copolymer
(parts by mass)

Polyisobutylene-based resin

Adhesive  Isobutylene-isoprene Isobutylene-isoprene (parts by mass) Tackifier

composition copolymer (1) copolymer (2) (€8] L 2 3
Example 19 1 100 — — _ = —
Example 20 2 100 — — 10 — —
Example 21 3 100 — — 20 — —
Example 22 4 100 — — 30 — —
Example 23 5 100 — — 40 — —
Example 24 6 100 — — 50 — —
Example 25 7 100 — — — 10 —
Example 26 8 100 — — — 20 —
Example 27 9 100 — — — 30 —
Example 28 10 100 — — — 40 —
Example 29 11 100 — — — 50 —
Example 30 12 100 — — — — 10
Example 31 13 100 — — — — 20
Example 32 14 100 — — — — 30
Example 33 15 100 — — — — 40
Example 34 16 100 — — — — 50
Example 35 17 100 — — 20 — —
Example 36 18 100 — — 20 — —
Example 37 19 100 — — 20 — —
Example 38 20 — 100 — 20 — —
Comparative 21 100 — — 20 — —
Example 6
Comparative 22 — — 100 20 — —
Example 7
Comparative 23 Acrylic-based adhesive composition
Example 8
Comparative 24 100 — — 20 — —

Example 9
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layer was laminated on the cathode so as to cover the entirety
of the cathode to obtain an organic EL device.

[0276] The organic EL devices obtained as described above
were subjected to the following measurements, and evaluated
as described below. The measurement results and the evalu-
ation results are shown in Table 4.

Measurement of Water Vapor Transmission Rate

[0277] The water vapor transmission rate of the gas barrier
films (A) to (C) was measured at 40° C. and 90% RH using a
water vapor transmission rate measurement apparatus
(“AQUATRON” manufactured by MOCON).

[0278] The adhesive composition (used in the examples
and the comparative examples) was applied to the release-
treated surface of a release sheet (polyethylene terephthalate
film subjected to a silicone release treatment, “SP-
PET38T103-1” manufactured by Lintec Corporation, thick-
ness: 38 um) so that the thickness after drying was 60 um, and
the resulting film was dried at 120° C. for 2 minutes to form
an adhesive layer. A polyethylene terephthalate film (manu-
factured by Mitsubishi Plastics Inc., thickness: 6 um) was
bonded to the adhesive layer. After removing the release
sheet, a polyethylene terephthalate film (manufactured by
Mitsubishi Plastics Inc., thickness: 6 pm) was bonded to the
exposed adhesive layer to obtain a water vapor transmission
rate measurement sample in which the adhesive layer was
situated between two polyethylene terephthalate films.
[0279] The water vapor transmission rate of the sample was
measured at 40° C. and 90% RH using a water vapor trans-
mission rate measurement apparatus (“L80-5000” manufac-
tured by LYSSY), and taken as the water vapor transmission
rate of the adhesive layer.

Measurement of Adhesion

[0280] A sample (obtained in the examples and the com-
parative examples) was cut to dimensions of 25x300 mm.
After removing the release sheet, the exposed adhesive layer
was bonded to an adherend (see below) at 23° C. and 50% RH,
and the adhesive sheet and the adherend were compression-
bonded by reciprocating a roller having a weight of 2 kg by
one stroke to obtain a specimen.

[0281] After allowing the specimen to stand at 23° C. and
50% RH for 24 hours, the specimen was subjected to a peel
test at 23° C. and 50% RH using a tensile tester (“Tensilon”
manufactured by Orientec Co., [td.) at a peel rate of 300
mm/min and a peel angle of 180° to measure the adhesion
(N/25 mm) of the specimen.

[0282] The following adherends were used for the mea-
surement of adhesion. PET film: “Cosmoshine A4100”
manufactured by Toyobo Co., Ltd., thickness: 50 pm Glass
sheet (soda-lime glass): product manufactured by Nippon
Sheet Glass Co., Ltd.

Water Entry Test

[0283] A calcium layer having a length of 32 mm, a width
of 40 mm, and a thickness of 100 nm was formed on an
alkali-free glass substrate (manufactured by Corning, 45x45
mm) using a vacuum deposition method.
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[0284] After removing the release sheet from the adhesive
sheet, the exposed adhesive layer was bonded to the calcium
layer formed on the glass substrate in a nitrogen atmosphere
using a laminator to obtain a water entry test specimen in
which the calcium layer was sealed.

[0285] The resulting specimen was allowed to stand at 60°
C. and 90%RH for 170 hours, and the degree of discoloration
of the calcium layer (i.e., the degree of entry of water) was
observed with the naked eye. The water barrier capability was
evaluated in accordance with the following standard.

Evaluation Standard

[0286] A: Less than 20% (area ratio) of the calcium layer
was discolored.

B: 20% or more and less than 40% (area ratio) of the calcium
layer was discolored.

C: 40% or more (area ratio) of the calcium layer was discol-
ored.

Evaluation of Organic EL. Device

[0287] The organic EL device was allowed to stand at 23°
C. and 50% RH for 200 hours, and driven to observe the
presence or absence of a dark spot (i.e., an area in which light
was not emitted). The organic EL device was evaluated in
accordance with the following standard.

A: The ratio of a dark spot area was less than 5% with respect
to the emission area.

B: The ratio of a dark spot area was 5% or more and less than
10% with respect to the emission area.

C: Theratio of a dark spot area was 10% or more and less than
90% with respect to the emission area.

D: The ratio of a dark spot area was 90% or more with respect
to the emission area.

Luminance Decrease Ratio

[0288] The luminance of the organic EL device before and
after sealing was measured at an applied voltage of 5 V. The
ratio of the luminance of the organic EL device after sealing
to the luminance of the organic EL device before sealing
(=100%) was calculated using the following expression.

(Luminance after sealing)/(luminance before seal-
ing)x100

Measurement of Total Light Transmittance

[0289] The total light transmittance of the gas barrier films
used in the examples and the comparative examples, and the
adhesive sheets obtained in the examples and the comparative
examples, was measured in accordance with JIS K 7631-1
using a haze meter (“HAZE METER NDHS5000” manufac-
tured by Nippon Denshoku Industries Co., Ltd.). Note that the
total light transmittance of the adhesive sheet was measured
in a state in which the release sheet was removed.
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TABLE 4
Gas barrier film Adhesive layer
Water vapor Water vapor Adhesive sheet
transmission Total light transmission Total light Water vapor
rate transmittance rate transmittance transmission
Type g/m?/day % g/m?/day % rate x thickness
Example 19 A 0.0005 88.1 2.8 87.6 168
Example 20 A 0.0005 88.1 2.6 87.6 156
Example 21 A 0.0005 88.1 2.7 87.6 162
Example 22 A 0.0005 88.1 2.8 87.6 168
Example 23 A 0.0005 88.1 2.8 87.6 168
Example 24 A 0.0005 88.1 2.8 87.6 168
Example 25 A 0.0005 88.1 2.8 87.6 168
Example 26 A 0.0005 88.1 2.8 87.6 168
Example 27 A 0.0005 88.1 2.8 87.6 168
Example 28 A 0.0005 88.1 2.8 87.6 168
Example 29 A 0.0005 88.1 2.8 87.6 168
Example 30 A 0.0005 88.1 2.7 87.6 162
Example 31 A 0.0005 88.1 2.7 87.6 162
Example 32 A 0.0005 88.1 2.8 87.6 168
Example 33 A 0.0005 88.1 2.8 87.6 168
Example 34 A 0.0005 88.1 2.9 87.6 174
Example 35 B 0.01 90.5 2.8 90 168
Example 36 B 0.01 90 2.7 89.5 162
Example 37 B 0.01 90.2 2.7 89.7 162
Example 38 A 0.0005 88.2 2.8 87.7 168
Comparative C 0.2 90.2 2.8 89.7 168
Example 6
Comparative A 0.0005 88.1 6 87.6 360
Example 7
Comparative A 0.0005 88.2 98 87.7 5880
Example 8
Comparative D 0.007 76.3 2.8 75.8 168
Example 9
Adhesion Ratio of luminance after sealing to
PET Glass Evaluation of organic luminance before sealing
N/25 mm Water entry test device % Adhesive composition
Example 19 0.6 3.2 A Good 94.7 1
Example 20 42 103 A Good 94.9 2
Example 21 7.2 138 A Good 94.8 3
Example 22 104 15 A Good 94.7 4
Example 23 112 16.8 A Good 94.8 5
Example 24 11.2 184 A Good 94.9 6
Example 25 29 632 A Good 95.0 7
Example 26 79 84 A Good 94.7 8
Example 27 82 11.6 A Good 94.9 9
Example 28 11.4 134 A Good 94.7 10
Example 29 14.6 184 A Good 94.9 11
Example 30 32 9.2 A Good 94.8 12
Example 31 7.2 122 A Good 94.9 13
Example 32 122 152 A Good 94.9 14
Example 33 152 182 A Good 95.0 15
Example 34 16.2 19.8 A Good 94.8 16
Example 35 7.2 139 A Good 96.8 17
Example 36 7.1 138 A Good 96.9 18
Example 37 7.3 139 A Good 96.9 19
Example 38 6.5 10.2 A Good 94.9 20
Comparative 7.2 135 B Fair 96.8 21
Example 6
Comparative 68 125 B Fair 94.9 22
Example 7
Comparative  11.6 10.2 C Poor 94.9 23
Example 8
Comparative 7.2 133 A Good 86.2 24
Example 9
[0290] The following were confirmed from the results Examples 19 to 38 exhibited high durability. It was possible to

shown in Table 4.

[0291] The adhesive sheets of Examples 19 to 38 showed
high performance when subjected to the water entry test, and
the organic EL devices including the adhesive sheets of

obtain an excellent organic EL. device that showed a small
decrease in luminance due to sealing although it was sealed
using the gas barrier film, and showed a small change in
emission color.
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[0292] Onthe other hand, the adhesive layer ofthe adhesive
sheet of Comparative Example 8 that was formed using an
acrylic-based adhesive had a high water vapor transmission
rate and a poor water barrier capability, and the organic ELL
device exhibited poor durability.

[0293] The adhesive layer of the adhesive sheet of Com-
parative Example 6 had a low water vapor transmission rate,
but the gas barrier film of the adhesive sheet of Comparative
Example 6 had a high water vapor transmission rate. As a
result, it was impossible to take full advantage of the perfor-
mance of the adhesive layer, and the organic EL device exhib-
ited poor durability.

[0294] The gas barrier film of the adhesive sheet of Com-
parative Example 7 had a low water vapor transmission rate,
but the adhesive layer of the adhesive sheet of Comparative
Example 7 had a high water vapor transmission rate. As a
result, it was impossible to take full advantage of the perfor-
mance of the gas barrier film, and the organic EL. device
exhibited poor durability.

[0295] Since the gas barrier film of the adhesive sheet of
Comparative Example 9 had a low water vapor transmission
rate, but had a low total light transmittance, light emitted from
the organic EL device was blocked, and the luminance after
sealing significantly decreased as compared with the lumi-
nance before sealing.

REFERENCE SIGNS LIST

[0296] 10,10A, 10B, 10C, 10D: Adhesive sheet

[0297] 1, 1a, 15, 1¢, 1d: Adhesive layer

[0298] 2a, 2b, 2¢: Release sheet

[0299] 3, 3a,3b, 3¢, 3d: Gas barrier layer (gas barrier film)
[0300] 4: Sealing substrate

[0301] 11: Glass substrate

[0302] 12: Structure

[0303] 20A, 20B: Organic EL device

1. An adhesive composition for sealing an electronic
device, the adhesive composition comprising an isobutylene-
isoprene copolymer as a main component, the isobutylene-
isoprene copolymer having a content of repeating units
derived from isoprene of 0.1 to 99 mol % based on total
repeating units.

2. The adhesive composition according to claim 1, further
comprising a tackifier in an amount of 5 to 100 parts by mass
based on 100 parts by mass of the isobutylene-isoprene
copolymer.

3. The adhesive composition according to claim 2, wherein
the tackifier is an aliphatic petroleum resin.

4. An adhesive sheet comprising a release sheet, and an
adhesive layer that is formed on the release sheet, the adhesive
layer being formed using the adhesive composition according
to claim 1.

5. An adhesive sheet comprising a gas barrier film, and an
adhesive layer that is formed on the gas barrier film,

the gas barrier film having a water vapor transmission rate

atatemperature of 40° C. and a relative humidity of 90%
of0.1 g/m*/day or less, and having a total light transmit-
tance of 80% or more, and

the adhesive layer comprising an adhesive composition

that comprises an isobutylene-isoprene copolymer as a
main component.

6. The adhesive sheet according to claim 5, wherein the
isobutylene-isoprene copolymer has a content of repeating
units derived from isoprene of 0.1 to 99 mol % based on total
repeating units.
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7. The adhesive sheet according to claim 4, wherein the
adhesive layer has a water vapor transmission rate at a tem-
perature of 40° C. and a relative humidity of 90% of 10
g/m?/day or less when the adhesive layer has a thickness of 60
pm.

8. The adhesive sheet according to claim 4, wherein the
adhesive layer comprises a tackifier in an amount of 5 to 100
parts by mass based on 100 parts by mass of the isobutylene-
isoprene copolymer.

9. The adhesive sheet according to claim 4, wherein the
adhesive layer has a storage modulus at 20 to 60° C. of 10° to
10° Pa.

10. The adhesive sheet according to claim 4, wherein the
adhesive layer has an adhesion to a glass substrate of 3 N/25
mm or more.

11. The adhesive sheet according to claim 4, wherein a
product of a water vapor transmission rate X (g/m*/day) of the
adhesive layer at a temperature of 40° C. and arelative humid-
ity 0f 90%, and a thickness Y (um) ofthe adhesive layer, is less
than 300.

12. An electronic device comprising a transparent sub-
strate, a device that is formed on the transparent substrate, and
a sealing material that seals the device,

the sealing material comprising the adhesive composition

according to claim 1.

13. An electronic device comprising a transparent sub-
strate, a device that is formed on the transparent substrate, and
a sealing material that seals the device,

the sealing material being formed using the adhesive sheet

according to claim 4.
14. An electronic device comprising a transparent sub-
strate, a device that is formed on the transparent substrate, and
an adhesive sheet that is stacked so as to cover the device,
the adhesive sheet comprising a gas barrier film, and an
adhesive layer that is formed on the gas barrier film,

the adhesive layer comprising a composition that com-
prises an isobutylene-isoprene copolymer as a main
component,

the gas barrier film having a water vapor transmission rate

at atemperature of 40° C. and a relative humidity of 90%
of 0.1 g/m*/day or less, and having a total light transmit-
tance of 80% or more, and

the device being sealed with the adhesive layer.

15. A method for producing an electronic device that
includes a transparent substrate, a device that is formed on the
transparent substrate, and an adhesive sheet that is stacked so
as to cover the device, the method comprising:

stacking the adhesive sheet according to claim 4 so as to

cover the device that is formed on the transparent sub-
strate.

16. An adhesive sheet comprising a release sheet, and an
adhesive layer that is formed on the release sheet, the adhesive
layer being formed using the adhesive composition according
to claim 2.

17. An adhesive sheet comprising a release sheet, and an
adhesive layer that is formed on the release sheet, the adhesive
layer being formed using the adhesive composition according
to claim 3.

18. The adhesive sheet according to claim 5, wherein the
adhesive layer has a water vapor transmission rate at a tem-
perature of 40° C. and a relative humidity of 90% of 10
g/m?/day or less when the adhesive layer has a thickness of 60
pm.



US 2015/0299519 Al Oct. 22, 2015
19

19. The adhesive sheet according to claim 5, wherein the
adhesive layer comprises a tackifier in an amount of 5 to 100
parts by mass based on 100 parts by mass of the isobutylene-
isoprene copolymer.

20. The adhesive sheet according to claim 5, wherein the
adhesive layer has a storage modulus at 20 to 60° C. of 10° to
10° Pa.



