DESCRIPTION
TITLE OF THE INVENTION:
ADHESIVE COMPOSITION, ADHESIVE SHEET, CIRCUIT BOARD AND
SEMICONDUCTOR DEVICE BOTH PRODUCED USING THESE, AND PROCESSES

FOR PRODUCING THESE

TECHINICAL FIELD
[0001]

The present invention relates to an adhesive composition
or the like that can be used for bonding of electronic parts
for use in personal computers or mobile computers, bonding
between a radiator plate and a printed substrate or a flexible
substrate, and bonding between substrates. More specifically,
the present invention relates to an adhesive composition or the
like for use in bonding or direct electrical connection of a
semiconductor chip such as IC or LSI to a circuit board such
as a flexible substrate, a glass epoxy substrate, a glass
substrate, a ceramic substrate, a silicon interposer, or a
silicon substrate or in connection between semiconductor chips
or stacking of semiconductor chips such as three-dimensional

assembly.

BACKGROUND ART
[0002]

In recent years, flip chip assembly has received



attention and has been rapidly spreading as a technique for
mounting a semiconductor chip on a circuit board due to
downsizing and density growth of semiconductor devices. In
£lip chip assembly, an epoxy resin-based adhesive is generally
interposed between a semiconductor chip and a circuit board to
ensure the connection reliability of joints between bump
electrodes formed on the semiconductor chip and pad electrodes
of the circuit board. Particularly, adhesives containing a
polyimide resin, an epoxy resin, and inorganic particles are
being freguently used for various applications such as
electrical and electronic applications, architecture,
automobiles, and airplanes by virtue of the heat resistance and
insulation properties of the polyimide resin, the adhesiveness
and water resistance of the epoxy resin, and the low water
absorbency and low thermal expansibility of the inorganic
particles (see, for example, Patent Documents 1 to 7).
[0003]

However, such adhesives have a problem in that reaction
gradually proceeds at room temperature during storage. For
this reason, there has been a demand for development of an
adhesive capable of being stored at room temperature for several
months. On the other hand, the use of a microcapsule-type
hardening accelerator has been proposed as a technique for
improving storage stability at room temperature (see, for

example, Patent Document 8).
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[0004]

Patent Document 1: Japanese Patent Laid-open Publication
No. 2004-319823

Patent Document 2: Japanese Patent Laid-open Publication
No. 6-264035

Patent Document 3: Japanese Patent Laid-open Publication
No. 2006-144022

Patent Document 4: Japanese Patent Laid-open Publication
No. 2009-007531

Patent Document 5: Japanese Patent Laid-open Publication
No. 2008-094870

Patent Document 6: Japaneée Patent No. 3985022

Patent Document 7: Japanese Patent Laid-open Publication
No. 2009-117813

Patent Document 8: Japanese Patent Laid-open Publication

No. 2006-77258

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]
In the case of a conventional adhesive, a hardening

reaction proceeds gradually during storage or in a



semiconductor chip assembly process, and therefore there is a
case where unstable electrical connection is caused because
bump eiectrodes of a semiconductor chip are less likely to
penetrate the adhesive or there is a case where connection
reliability is poor because air bubbles are trapped in the.
adhesive. Further, a semiconductor device produced using such
a conventional adhesive also has a problem in that it is
difficult to maintain sufficient connection reliability when
the semiconductor device is subjected to a process where higher
durability is required such as a moisture absorption-reflow
process or a thermal cycle process.
[0006]

In order to solve these problems, it is therefore an
object of the present invention to provide an adhesive
composition excellent in both storage stability and connection

reliability.

SOLUTIONS TO THE PROBLEMS
[0007]

In order to achieve the above object, the present
invention is directed to an adhesive composition comprising:
an organic-solvent-soluble polyimide (a); an epoxy compound
(b); hardening accelerator particles (c); and inorganic
particles (d), wherein an organic-solvent-soluble polyimide

{a) content and a hardening accelerator particle (c) content



are 15 to 90 parts by weight and 0.1 to 50 parts by weight,
respectively, with respect to 100 parts by weight of the epoxy
compound (b), and an inorganic particle (d) content ig 30 wt%
or more but 80 wt% or less with respect to a total amount of
(a) to (4).
f{oo07al

Accoxrding to a f£irst aspect, there is provided an adhesive
composition comprising:

an organic-solvent-soluble polyimide (a);

an epoxy compound (b);

hardening accelerator particles (c¢); and

inorganic particles (d), wherein an
organic~solvent~soluble polyimide (a) content and a hardening
accelerator particle (c¢) content are 15 to 90 parts by weight
and 0.1 to 50 parts by weight, respectively, with respect to
100 parts by weight of the epoxy compound (b), the content
ratio of the inorganic particles (d) to the hardening
accelerator particles (c¢) (i.e., (d)/(c)) is larger than 2.0
but 4,000 or less, and the inorganic particles (d) have an
average particle size of 10 nm or more but 1 um or less, and
the inorganic particles (d) content is 30 wt% or more but 80

wi% or less with respect to a total amount of {(a) to {(d).



[0007D]

According to a second aspect, there ig provided an
adhesive sheet obtained by forming the adhesive composition as
defined above into a sheet shape.

[0007c]

According to a third aspect, there is provided a hardened
article of the adhesive composition as defined above or of the
adhesive sheet as defined above.

[0007d]

According to a fourth aspect, there is provided a circuit
board comprising a semiconductor chip bonded thereto using the
adhesive composition as defined above or the adhesive sheet as
defined above.

[0007e]

According to a fifth aspect, there is provided a method
for producing a circuilt board comprising a semiconductor chip
mounted thereon, the method comprising: interposing the
adhesive composition as defined above or the adhesive sheet as
defined above between a semiconductor chip and a circuit board;
and electrically connecting the semiconductor chip and the
circuit board to each other through application of heat and

pressure.

5a



[0007£)

According to a sixth aspect, there is provided a
semiconductor device having a hardened article of the adhesive
composition as defined above or a hardened article of the
adhesive sheet as defined above.

[0007g]

According to a seventh aspect, there is provided a method
for producing a semiconductor device, the method comprising:
interposing the adhesive composition as defined above or the
adhesive sheet as defined above between a first circuit member
and a second circuilt member; and electrically connecting the
first circuit member and the second circuit member to each other

through application of heat and pressure.

EFFECTS OF THE INVENTION
[0008]

According to the present invention, it is possible to
obtain an adhesive composition excellent in both storage

stability and connection reliability.

BRIEF DESCRIPTION QOF THE DRAWING
[0009]
Fig. 1 is a schematic diagram of a circuit board with a

semiconductor having three silicon interposer layers.
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MODE FOR CARRYING OUT THE INVENTION
[0010]

An adhesive composition according to the present
invention comprises: an organic-solvent-soluble polyimide
(a); an epoxy compound (b); hardening accelerator particles
{c); and inorganic particles (d4d), Qherein an
organic-solvent-soluble polyimide (a) content and a hardening

accelerator particle (c¢) content are 15 to 90 parts by weight

5¢



and 0.1 to 50 parts by weight, respectively, with respect to
100 parts by weight of the epoxy compound (b), and an inorganic
particle (d) content is 30 wt$% or more but 80 wt% or less with
respect to a total amount of (a) to (d).

(0011}

The adhesive composition according to the present
invention contains the organic-solvent-soluble polyimide (a)
having imide rings, and is therefore excellent in heat
resistance and chemical resistance. Particularly, a
composition having a higher~density network structure can be
obtained by using an organic-solvent-soluble polyimide having,
in its side chain, at least one functional group reactable with
an epoxy group because ring-opening of the epoxy compound and
an addition reaction to an aromatic polyimide are accelerated
during heat treatment. Examples of the functional group
reactable with an epoxy group include a phenolic hydroxyl group,
a sulfonic acid group, and a thiol group. A method for
synthesizing such an aromatic polyimide is not particularly
limited, but an example thereof is a method in which an acid
dianhydride having a group reactable with an epoxy group is
first reactedwith a diamine to synthesize a polyimide precursorx,
and then the polyimide precursor 1s subjected to end
modification using a primary monoamine as an end capping agent,
and is then subjected to heat treatment at 150°C or higher to

perform polyimide cyclization. Alternatively, the following



method may be used. An acld dianhydride is reacted with a
primary monoamine as an end capping agent in advance, and then
a diamine is added to synthesize an end-modified polyimide
precursor, and the polyimide precursor is subjected to heat
treatment at a high temperature of 150°C or higher to perform
polyimide cyclization.

[0012]

A preferred example of the organic-solvent soluble
polyimide (a) used in the present invention is a polymer having
a structural unit represented by the following general formula
(2), at least one functional group reactable with an epoxy group
in its side chain, a structure(s) represented by the following
general formula (3) and/or the following general formula (4)
at least one of the ends of its main chain, and a structure
represented by the following general formula (1) as R* in the
general formula (2) in an amount of 5 to 15 wt% with respect
to the total amount of the polymer. By setting the amount of
a structure represented by the general formula (1) contained
in the polymer to 5 wt% or more, it is possible to impart
appropriate flexibility to a rigid polyimide, and by setting
the amount of a structure represented by the general formula
(1) contained in the polymer to 15 wt® or less, it is possible
Lo maintain the rigidity of a polyimide skeleton to keep heat
resistance and insulation properties.

[0013)



It is to be noted that the total amount of the polymer
(polyimide) obtained by synthesis of the organic-solvent
soluble polyimide refers to the weight of a polymer obtained
by polymerization using a diamine, an acid dianhydride, and an
end capping agent as its constituents, and does not include the
welghts of an excess of the diamine, an excess of the acid
dianhydride, and an excess of the end capping agent which are
fed during synthesis.

[0014]

[Chem. 1]

(1)
[0015]

wherein R' is a divalent hydrocarbon group, preferably
analkylene group having 1 to 5 carbon atoms or a phenylene group,
R® is a monovalent hydrocarbon group, preferably an alkyl group
havingitxDBcarbonatomsoraiphenylgroup,Rlsandfﬁscmntained
in one molecule of the organic~solvent-soluble polyimide may
be different, and R's and R%s contained in different molecules
of the organic-solvent-soluble polyimide may be different.
[0016]

In the above general formula (1), n is an integer of 1
to 10, preferably 1 or 2. By setting n to 1 or more, it is

possible to suppress the shrinkage of the adhesive composition



during hardening, and by settingn to 10 or less, it is possible
to improve the insulation properties and heat resistance of the
adhesive composition without reducing the imide group content

of the polyimide skeleton.

[0017]
[Chem. 2]
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[0018]

wherein R? is a 4- to l4-valent organic group, R is a
2~ to lZ2-valent organic group, at least one of R® and R? contains
at least one group selected from the group consisting of a
1,1,1,3,3,3-hexafluoropropyl group, an isopropyl group, an
ether group, a thioether group, and a SO; group,]ﬁsand R® are
each a group selected from the group consisting of a phenolic
hydroxyl group, a sulfonic acid group, and a thiol group, R’s,
R%s, R°s, and R®s contained in one molecule of the
organic-solvent-soluble polyimide may be different, R’s, R’s,
R°s, and R®s contained in different molecules of the
organic~solvent-soluble polyimide may be different, a and 8 are

each an integer of 0 to 10, and a+P is an integer of 1 to 10.

[0019]



[0020]
wherein X is a monovalent organic group, more preferably

a monovalent aromatic group.

[0021]

[Chem. 4]

T
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[0022]

wherein Y is a divalent organic group, more preferably,
a divalent aromatic group or a group having a C-C double bond.
[0023]

Another preferred example of the organic-solvent-soluble
polyimide (a) used in the present invention is a polymer having
a structure represented by either of the following general
formulas (5) and (6), at least one functional group reactable
with an epoxy group in its side chain, and a structure
represented by the above general formula (1) as R* in the general

formulas (5) and {6) in an amount of 5 to 15 wt% with respect
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to the total amount of the polymer.
[0024]

[Chem. 5]
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[0025]

wherein R® is a 4- to l4-valent organic group, R* is a
2- to 12-valent organic group, at least one of R* and R* is an
aromatic group containing at least one group selected from the
group consisting of a 1,1,1,3,3,3-hexafluoropropyl group, an
isopropyl group, an ether group, a thioether group, and a SO»
group (hereinafter, referred to as a “specific group”), R® and
R® are each a group selected from the group consisting of a
phenolic hydroxyl group, a sulfonic acid group, and a thiol
group, R*s, R%s, R%s, and R®s contained in one molecule of the

organic-solvent~soluble polyimide may be different, R3s, Rés,

11



R’s, and R°s contained in different molecules of the
organic-solvent-soluble polyimide may be different, X is a
monovalent organic group, m is 8 to 200, o and B are each an
integer of 0 to 10, and a+ff is an integer of 0 to 10, and wherein
ot+p is 1 to 10 in 20 to 90% of repeating units whose number is
represented by m.

[0026]

In the general formulas (2), (5), and (6),E9 represents
a structural component of an acid dianhydride and is preferably
a 4- to ld-valent organic group having 5 to 40 carbon atoms,
R* represents a structural component of a diamine and is
preferably a 2- to 12-valent organic group having 5 to 40 carbon
atoms, and each of R® and R® preferably contains at least one
specific group.

[0027]

R’ is a substituent of the acid dianhydride, and is
selected from the group consisting of a phenolic hydroxyl group,
a sulfonic acid group, and a thiol group, and R® is a substituent
of the diamine, and is selected from the group consisting of
a phenolic hydroxyl group, a sulfonic acid group, and a thiol
group.

[0028]

An acid dianhydride to be used will be described.

Specific examples of the acid dianhydride having at least one

specific group include 2,2-bis(3,4-dicarboxyphenyl)propane

12



dianhydride, 2,2-bis(2,3~dicarboxyphenyl)propane dianhydride,
bis (3, 4-dicarboxyphenyl)sulfonic dianhydride,

bis (3, 4-dicarboxyphenyl)ether dianhydride,

2,2-bis (3, 4-dicarboxyphenyl)hexafluoropropane dianhydride,
and compounds obtained by substituting hydrogen atoms on the
aromatic rings of the above-mentioned compounds aromatic rings
with alkyl groups or halogen atoms.

[0029]

A specific example of the acid dianhydride having at least
one specific group and at least one group selected from the group
consisting of a phenolic hydroxyl group, a sulfonic acid group,
and a thiol group is an aromatic acid dianhydride having the

following structure:

[0030]
{Chem. 6]

Rll RIO
W& JeMeW J\: ik
[0031]

wherein.Rgrepr@sents C(CF3)2, C{CH3)2, S0s, S or O and R
and R* are each a hydrogen atom, a hydroxyl group, a thiol group,
or a sulfonic acid group, provided that RY and RY are not
hydrogen at the same time.

[0032]
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A specific example of the acid dianhydride having no
specific group but having at least one group selected from the
group consisting of a phenolic hydroxyl group, a sulfonic acid
group, and a thiol group is an aromatic acid dianhydride having

the following structure:

[0033]
[Chem. 7]
R® R’
P SeICB PP
N N
0 H H 0
0 4]
[0034]

wherein R’ and R® are each a hydrogen atom, a hydroxyl
group, a thiol group, or a sulfonic acid group, provided that
R’ and R® are not hydrogen at the same time.
[0035]

Specific examples of the acid dianhydride having neither
a specific group nor a group selected from among a phenolic
hydroxyl group, a sulfonic acid group, and a thiol group include
aromatic tetracarboxylic dianhydrides such as pyromellitic
dianhydride, 3,3",4,4’ ~biphenyltetracarboxylic dianhydride,
2,3,3",4" -biphenyltetracarboxylic dianhydride,
2,27 ,3,3" ~biphenyltetracarboxylic dianhydride,
3,3",4,4" ~benzophenonetetracarboxylic dianhydride,

2,2",3,3"-benzophenonetetracarboxylic dianhydride,

14



1,1-bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,1-bis(2,3-dicarboxyphenyl)ethane dianhydride,

bis (3, 4~dicarboxyphenyl)methane dianhydride,

bis (2, 3-dicarboxyphenyl)methane dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride,
2,3,6,7-naphthalenetetracarboxylic dianhydride,
2,3,5,6-pyridinetetracarboxylic dianhydride, and
3,4,9,10-perylenetetracarboxylic dianhydride, and compounds
obtained by substituting hydrogen atoms on the arocmatic rings
of the above-mentioned compounds with alkyl groups or halogen
atoms.

[0036]

In the present invention, these acid dianhydrides may be
used singly or in combination of two or more of them.
[0037]

Adiamine tobeusedwill bedescribed. Specificexamples
of the diamine having at least one specific group include
3,4’ -diaminodiphenyl sulfide, 4,4’ -diaminodiphenyl sulfide,
3,4" -diaminodiphenyl ether, 4,4’'-diaminodiphenyl ether,
3,4’ -diaminodiphenyl sulfone, 4,4’-diaminodiphenyl sulfone,
bis(4-aminophenoxyphenyl)sulfone,
bis (3-aminophenoxyphenyl)sulfone,
bis{4-aminophenoxy)biphenyl,
bis{4~ (4-aminophenoxy)phenyl}ether,

1,4-bis{4-aminophenoxy)benzene,

15



1,3-bis(4-aminophenoxy)benzene,

2,2-bis[4- (4-aminophenoxy)phenyllhexafluoropropane, and
2,2-bis[4~(4-aminophenoxy)phenyl]propane, and compounds
obtained by substituting hydrogen atoms on the aromatic rings
of the above-mentioned compounds with alkyl groups or halogen
atoms.,

[0038]

Specific examples of the diamine having at least one
specific group and at least one group selected from the group
consisting of a phenolic hydroxyl group, a sulfonic acid group,
and a thiol group include:
2,2-bis{3-amino~4-hydroxyphenyl)hexafluoropropane,
2,2-pbis(3-hydroxy~4-aminophenyl)hexafluoropropane,
2,2-bis(3-amino~4~hydroxyphenyl)propane,
2,2-bis(3-hydroxy—-4-aminophenyl)propane,

3,3’ -diamino-4, 4’ -dihydroxydiphenyl ether,

3,3’ -diamino—-4, 4’ -dihydroxydiphenylsulfone,

3,3" ~diamino~4, 4" ~dihydroxydiphenylsulfide, compounds
obtained by substituting hydrogen atoms on the aromatic rings
of the above-mentioned compounds with alkyl groups or halogen
atoms, and diamines having the following structures:

[0039]

[Chem. 8]

le
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[0040]

wherein R*® represents C(CF3)2, C(CHz)2, SOz, S or O, R
and R*® are each a hydrogen atom, a hydroxyl group, a thiol group,
or a sulfonic acid group, provided that R* and R'® are not
hydrogen at the same time.
(00417

Specific examples of the diamine having no specific group
but having at least one group selected from the group consisting
of a phenolic hydroxyl group, a sulfonic acid group, and a thiol
group include 3,3’ -diamino-4, 4’ -dihydroxybiphenyl,
2,4~diamino~phenol, 2,5-diaminophenol,
1,4~diamino-2, 5~dihydroxybenzene,
diaminodihydroxypyrimidine, diaminodihydroxypyridine,
hydroxydiaminopyrimidine,
9, 9~bis (3-amino-4-hydroxyphenyl) fluorene, compounds obtained
by substituting hydrogen atoms on the aromatic rings of the
above-mentioned compounds with alkyl groups or halogen atomns,
and diamines having the following structures:
[0042]
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[0043]

wherein R' to R'Y are each a hydrogen atom, a hydroxyl
group, a thiol group, or a sulfonic acid group, provided that
RY and RY are not hydrogen at the same time.

[0044]

Specific examples of the diamine having neither a
specific group nor a group selected from among a phenolic
hydroxyl group, a sulfonic acid group, and a thiol group incliude
3,4’ -~diaminodiphenylmethane, 4,4’ -diaminodiphenylmethane,
benzidine, m-phenylenediamine, p-phenylenediamine,

1, 5-naphthalenediamine, 2,6-naphthalenediamine,
2,2’ -dimethyl-4,4' -diaminobiphenyl,

2,2’ -diethyl-4, 4’ -diaminobiphenyl,

3,3’ -~dimethyl~4, 4’ ~diaminobiphenyl,
3,3"-diethyl~4,4’ -diaminobiphenyl,

2,2"3,3" ~tetramethyl-4, 4’ ~diaminobiphenyl,
3,3",4,4" ~tetramethyl~4, 4’ ~diaminobiphenyl,

2,2"-di(trifluoromethyl) -4, 4’ -diaminobiphenyl, compounds

18



obtained by substituting hydrogen atoms on the aromatic rings
of the above-mentioned compounds with alkyl groups or halogen
atoms, terephthalic hydrazide, isophthalic hydrazide,
phthalic hydrazide, 2, 6-naphthalenedicarboxylic dihydrazide,
4,4 -bisphenyl dicarbonohydrazine, 4,4’ -cyclohexane
dicarbonohydrazine, and hydrazide compounds obtained by
substituting hydrogen atoms on the aromatic rings of the
above-mentioned compounds with alkyl groups or halogen atoms.
These diamines used in the present invention may be used singly
or in combination of two or more of them.

{0045]

A structure represented by the general formula (1) is
contained as R! in the general formulas (2), (5), and (6), and
is therefore a moiety of a diamine. Examples of the diamine
containing a structure represented by the general formula (1)
include bis{(3~aminopropyl)tetramethyldisiloxane and
bis(p~amino-phenyl)octamethylpentasiloxane.

(0046}

The cross-linking density of the adhesive composition can
be adjusted by controlling the rate of the reaction between the
polyimide and the epoxy compound during heat treatment by
appropriately selecting R’ and R® in the general formulas (2),
(5), and (6). This makes it possible to impart necessary heat
resistance and chemical resistance to the adhesive composition.

Tn this regard, 20 to 90% of the total of R°s and R°s are
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preferably phenolic hydroxyl groups, sulfonic acid groups, or
thiol groups. By setting the ratio of these groups to the total
of R°s and R®s to 20% or more, it is possible to improve chemical
regigtance and heat resistance, and by setting the ratio to 90%
or less, it is possible to suppress the cross-linking density
-within an appropriate range to maintain the elongation and
toughness of f£ilm.

[0047]

X as a structural component of the general formulas (3),
{(5), and (6) is a component derived from a primary monocamine
that is an end capping agent. The primary monoamine is
preferably an aromatic amine, and specific examples thereof
include 5-aminoquinoline, 4-aminoquinoline,
3-aminonaphthalene, 2-aminonaphthalene, l-aminonaphthalene,
and aniline. Among them, aniline ig preferably used.

[0048]

As the primary monocamine, one not having another
substituent that reacts with the epoxy compound is preferably
used. This makes it possible to obtain an
organic-solvent-soluble polyimide not having a substituent
that reacts with the epoxy compound at the end of the polyimide
having high molecular mobility. The use of such an

organic-solvent-soluble polyimide makes it possible to
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suppress the progress of the reaction between the
organic-solvent-soluble polyimide and the epoxy compound at
room temperature, thereby further improving the storage
stability of the adhesive composition.

[0049]

When determined in terms of the primary monocamine
component of the end capping agent as a starting component for
the formation of the X component, the ratio of the X component
shown in the general formulas (3}, (5), and (6) to be introduced
is preferably 0.1 to 60 mol%, particularly preferably 5 to 50
mol% with respect to the total diamine component.

[0050]

Y in the general formula (4) 1s derived from a
dicarboxylic anhydride that is an end capping agent. The acid
anhydride to be used as an end capping agent is preferably an
aromatic dicarboxylic acid or a dicarboxylic acid having a C-C
double bond. Preferred specific examples thereof include
phthalic anhydride, 1,8-naphthalenedicarboxylic anhydride,
succinic anhydride, and maleic anhydride. These acid
anhydrides may be used singly or in combination of two or more
of them.

[0051]

In the general formulas (5) and (6), m represents the

repeating number of the polymer, and is 8 or more but 200 or

less, preferably 10 to 150. The polystyrene equivalent
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welght-average molecular weight of the
organic-solvent-soluble polyimide as measured by gel
filtration chromatography is preferably 4,000 to 80,000,
particularly preferably 8,000 to 60,000. By settingm to 8 or
more, it is possible to increase the viscosity of the adhesive
composgition to achieve a thick coating, and by setting m to 200
or less, it is possible to improve the solubility of the adhesive
composition in a solvent. Here, the weight-average molecular
weight of the organic-solvent-soluble polyimide (a) can be
determined in the following manner. A polyimide solution
having a solid concentration of 0.1 wt% is prepared by
dissolving the soluble polyimide in N-methylpyrrolidone (NMP),
and the polystyrene equivalent weight-average molecular weight
of the soluble polyimide is calculated using the polyimide
solution and a GPC apparatus Waters 2690 (manufactured by Waters
Corporation). GPC measurement is performed using NMP
containing 0.05 mol/L of LiCl and 0.05 mol/L of phosphoric acid
digssolved therein as a mobile phase at a developing speed of
0.4 mL/min. AGPCmeasurement systemused includes, for example,
the following.

Detector: Waters 996

System controller: Waters 2690

Column oven: Waters HTR-B

Thermo controller: Waters TCM

Columns: TOSOH grard column, TOSOH TSK-GEL o.-4000, TOSOH TSK-GEL
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[0052]

The polyimide having a structural unit represented by the
general formula (2), at least one functional group reactable
with an epoxy group in its side chain, a structure(s)
represented by the general formula (3) and/or the general
formula (4) at least one of the ends of its main chain, and a
structure represented by the general formula (1) as R* in the
general formula (2) in an amount of 5 to 10 wt% with respect
to the total amount of the polymer may be a polymer composed
of only a structural unit represented by the general formula
(2), a copolymer having another structure as a copolymerization
component in addition to a structural unit represented by the
general formula (2), or a mixture thereof. The copolymer may
contain a precursor of a structural unit represented by the
general formula (2) (polyamic acid structure). Further, any
one of themmay be mixed with a polyimide represented by another
structure. 1In this case, a structural unit represented by the
general formula (2) is preferably contained in an amount of 50
mol% or more. The type and amount of the structure used for
copolymerization or mixing are preferably selected without
impairing the heat resistance of a heat resistant resin coating
obtained by heat treatment.

[0053]

The polyimide having a structure represented by either
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of the general formula (5) or (6), at least one functional group
reactable with an epoxy group in its side chain, and a structure
represented by the general formula (1) as R* in the general
formulas (5) and (6) in an amount of 5 to 15 wt$% with respect
to the total amount of the polymer may be a polymer composed
of only a structure represented by the general formula (5) or
(6), a copolymer having another structure as a copolymerization
component in a structure represented by the general formula (5)
or (6), or a mixture thereof. Further, any one of them may be
mixed with a polyimide represented by another structure. In
this case, a structure represented by the general formula (5)
or {6) is preferably contained in an amount of 50 mol% or more.
The type and amount of the structure used for copolymerization
or mixing are preferably selected without impairing the heat
resistance of a heat resistant resin coating obtained by heat
treatment.

[0054]

It is to be noted that the solubility of the
organic-solvent-soluble polyimide (a) used in the present
invention refers to the ability to be dissolved in at least one
solvent selected from the following solvents in an amount of
20 wt% or more at 23°C: ketone-based solvents such as acetone,
methyl ethyl ketone, methyl isobutyl ketone, cyclopentanone,
and cyclohexanone; ether-based solvents such as 1,4-dioxane,

tetrahydrofuran, and diglyme; glycol ether-based solvents such
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as methyl cellosolve, ethyl cellosolve, propylene glycol
monomethyl ether, propylene glycel monoethyl ethexr, propylene
glycol monobutyl ether, and diethylene glycol methyl ethyl
ether; and other solvents such as benzyl alcchol,
N-methylpyrrolidone, y-butyrolactone, ethyl acetate, and

N, N-dimethylformamide.

[0055]

The organic-solvent-soluble polyimide (a) used in the
present invention is synthesized by a well-known method by
substituting part of a diamine with an end capping agent that
is a monecamine or by substituting part of an acid dianhydride
with an end capping agent that is a monocarboxylic acid, an acid
anhydride, a monoacid chloride compound, or a monoactive ester
compound. For example, a polyimide precursor is obtained by
a method in which a tetracarboxylic dianhydride is reacted with
a diamine compound (part of which is substituted with an end
capping agent that is a monoamine) at a low temperature, a method
in which a tetracarboxylic dianhydride (part of which is
substituted with an end capping agent that is an acid anhydride,
a monoacid chloride compound, or a monoactive ester compound)
is reacted with a diamine compound at a low temperature, a method
in which a diester is obtained by the reaction between a
tetracarboxylic dianhydride and an alcohol and is then reacted
with a diamine (part of which is substituted with an end capping

agent that is amonoamine) in the presence of a condensing agent,



or amethod inwhich a diester is obtainedby the reaction between
a tetracarboxylic dianhydride and an alcohol and then the
residual dicarboxylicacidis acid~chlorinated and reactedwith
adiamine (part of which is substituted with an end capping agent
that is a moncamine), and is then subjected to an imidization
reaction by a well-known method to synthesize an
organic-solvent-soluble polyimide.

[0056]

A structure represented by the general formula (1)
introduced into the polymer and an end capping agent used in
the present invention can be easily detected and quantitatively
analyzed in the following manner. For example, a polymer into
which a structure represented by the general formula (1) and
an end capping agent have been introduced is dissolved in an
acidic solution or a basic solution to decompose it into a
diamine component and an acid anhydride component that are
structural units of the polymer. The structure represented by
the general formula (1) and the end capping agent used can be
easily detected and quantitatively analyzed by subjecting the
solution to gas chromatography (GC) or NMR measurement.
Alternatively, a polyimide into which an end capping agent has
been introduced may be directly subjected to pyrolysis gas
chromatography (PGC) or infrared spectral measurement and
LBeNMR spectral measurement. Also in this case, the structure

represented by the general formula (1) and the end capping agent
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used can be easily detected and guantitatively analyzed.
[0057]

The imidization ratioc of the organic-sclvent-soluble
polyimide (a) can be easily determined by, for example, the
following method. As used herein, the imidization ratio means
how much mol% of a polyimide precursor is converted into a
polyimide when the polyimide is synthesized via the polyimide

recursor in such a manner as described above. First, the
infrared absorption spectrumof a polymer ismeasured to confirm
the presence of the absorption peaks (at about 1780 cm™* and
about 1377 cm™) of an imide structure derived from a polyimide.
Then, the polymer is heat-treated at 350°C for 1 hour, and the
infrared absorption spectrum of the polymer is again measured
to compare a peak intensity at about 1377 cm ' measured before
heat treatment with that measured after heat treatment.
Assuming that the imidization ratio of the polymer after heat
treatment is 100%, the imidization ratio of the polymer before
heat treatment is determined. The imidization ratio of the
polymer is preferably 90% or higher.

[0058]

The organic~solvent-soluble polyimide (a) content is 15
to 90 parts by weight with respect to 100 parts by weight of
the epoxy compound (b), and is preferably 30 to 70 parts by weight
from the viewpoint of the reaction with the epoxy compound to

form a high-density network structure. If the
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organic~solvent—-soluble polyimide (a) content is less than 15
parts by weight, heat resistance is lowered. On the other hand,
if the organic-solvent-soluble polyimide (a) content exceeds
90 parts by weight, the adhesive composition is likely to absorb
water, and is therefore foamed when hardened by heating, which
reduces the adhesive force between adherends (e.g., between a
circuit board and a semiconductor chip) and lowers connection
reliability.

[0059]

The adhesive composition according to the present
invention further contains the epoxy compound (b). The epoxy
compound (b) reacts with a phenolic hydroxyl group, a sulfonic
acid group, and/or a thiol group in the polyimide side chain
to form a hardened article having a high-density network
structure, and therefore the resulting hardened adhesive
composition exhibits resistance to various chemicals. The
hardened adhesive composition exhibits high resistance to
various solvents, especially to N-methylpyrrolidone. The
epoxy compound is generally hardened by a ring-opening reaction
accompanied by no shrinkage, which makes it possible to reduce
the shrinkage of the adhesive composition during hardening. As
the epoxy compound (b}, an epoxy compound having two or more
epoxy groups or an epoxy compound having an epoxy equivalent
of 100 to 500 is preferably used. By setting the epoxy

equivalent to 100 or more, it is possible to increase the
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toughness of the hardened adhesive composition, and by setting
the epoxy equivalent to 500 or less, it is possible to allow
the hardened adhesive composition to have a high-density
network structure and excellent electrical insulation
properties.

[0060]

The epoxy compound (b) contains two kinds of epoxy
compounds, or a liquid epoxy compound and a solid epoxy compound.
The liquid epoxy compound content is preferably 20 wt% or more
but 60 wt% or less, more preferably 30 wt% or more but 50 wt%
or less with respect to the total amount of the epoxy compound.
By setting the liquid epoxy compound content to a value within
the above range, it is possible to impart appropriate plasticity
and flexipility to the adhesive composition.

[0061]

As used herein, the liquid epoxy compound refers to one
having a viscosity of 150 Pa-s or less at a temperature of 25°C
and a pressure of 1.013 x 10° N/m?, and the solid epoxy compound
refers to one having a viscosity exceeding 150 Pa-s at a
temperature of 25°C and a pressure of 1.013 x 10° N/m®. Examples
of the liquid epoxy compound include, but are not limited to,
JER 828, JER 1750, JER 152, and JER 630 (trade names,
manufactured by Mitsubishi Chemical Corporation) and Epiclon
HP-4032 (trade name, manufactured by DIC CORPORATION). These

liquid epoxy compounds may be used in comblnation of two or more
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£ them. Examples of the solid epoxy compound include, but are
not limited to, JER 1002, JER 1001, YX4000H, JER 4004P, JER 5050,
JER 154, JER 157570, JER 180870, YX 4000H, and YL 980 (trade
names, manufactured by Mitsubishi Chemical Corporation), TEPIC
S, TEPIC G, and TEPIC P (trade names, manufactured by NISSAN
CHEMICAL INDUSTRIES, LTD.), EPOTOTE YH-434L (trade name,
manufactured by Nippon Steel Chemical Co., Ltd.), EPPN 502H and
NC3000 (trade names, manufactured by Nippon Kayaku Co., Ltd.},
and EPICLON N695 and EPICLON HP-7200 (trade names, manufactured
by DIC CORPORATION). These solid epoxy compounds may be used
in combination of two or more of them.

[0062]

The adhesive composition according to the present
invention contains the hardening accelerator particles (c).
By allowing a hardening accelerator to be present in the form
of particles in the adhesive composition, it is possible to
retard the hardening reaction of the epoxy compound, thereby
improving the storage stability of the adhesive composition at
room temperature.

[0063]

The hardening accelerator particle (c¢) content is 0.1
part by weight or more but 50 parts by weight or less with respect
to 100 parts by weight of the epoxny compound (b). By setting
the hardening accelerator particle (c) content to avalue within

the above range, it is possibhle to store the adhesive
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composition over a long time at room temperature and therefore
to harden the adhesive composition sufficiently. Further, by
setting the hardening accelerator particle content to a value
within the above range, it is possible towell mix the hardening
accelerator particles with inorganic particles (which will be
described later) and therefore to uniformly harden the adhesive
composition. This makes it.poésible to improve the connection
reliability of a semiconductor device produced using the
resulting adhesive composition. The hardening accelerator
particle (¢) content is particularly preferably 20 parts by
weight or more with respect to 100 parts by weight of the epoxy
compound (b), which makes it possible to harden the adhesive
composition in a short period of time even at a low temperature.
The hardening temperature and time are, for example, 160°C to
200°C and 5 seconds to 20 minutes, respectively, but are not
limited fhereto. If the hardening accelerator particle (c)
content is less than 0.1 part by weight with respect to 100 parts
by weight of the epoxy compound (b), the adhesive composition
is not sufficiently hardened. In this case, there is a
possibility that the connection reliability of a semiconductor
device produced using the resulting adhesive composition is
lowered. On the other hand, if the hardening accelerator
particle (c¢) content exceeds 50 parts by weight with respect
to 100 parts by weight of the epoxy compound (b), hardening of

the adhesive composition proceeds but the hardened adhesive
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composition has high moisture absorbency and, in addition,
brittleness. Also in this case, the connection reliability of
a semiconductor device produced using the resulting adhesive
composition is lowered.

[0064]

As the hardening accelerator particles, those insoluble
in components contained in the adhesive composition are used.
Imidazole-based hardening accelerator particles are
preferably used as the hardening accelerator particles, because
a structure in which the inorganic particles (d) are coordinated
on the surface of the hardening accelerator particles is formed
by interaction, and therefore an adhesive composition having
excellent storage stability can be obtained. Preferred
examples of such hardening accelerator particles {c) to be used
include CUREZOL 2PZCNS, CUREZOL 2PZCNS-PW, CUREZOL C11Z-CNS,
CUREZOL 2MZ~A, CUREZOL C11-A, CUREZOL 2E4MZ~-A, CUREZOL 2MZA~PW,
CUREZOL 2MAOK-PW, and CUREZOL Z2PHZ-PW (trade names,
manufactured by SHIKOKU CHEMICALS CORPORATION) .

[0065]

By using a microcapsule~type hardening accelerator, it
is possible to further improve storage stability. Preferred
exanmples of such a microcapsule~type hardening accelerator to
be used include NOVACURE HX-3941HP, NOVACURE HXA3922HP,
NOVACURE HXA3932HP, and NOVACURE HXA3042HP (trade names,

manufactured by ASAHI KASEI E-MATERIALS CORPORATION) that are
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microcapsule-type hardening accelerators obtained by treating
amine adduct-type hardening accelerators with isocyanates.
[0066]

As the microcapsule-type hardening accelerator, one that
is present in a state where it is dispersed in a liquid epoxy
compound is preferably used. In this case, the weight ratio
between the microcapsule~type hardening accelerator and the
liquid epoxy resin is 100 parts by weight or more but 500 parts
by weight or less of the epoxy compound to 100 parts by weight
of the microcapsule-type hardening accelerator. For example,
in the case of NOVACURE (trade name, manufactured by ASAHT KASET
E~-CHEMIALS CORPORATION) series, 200 parts by weight of a liquid
epoxy compound is contained per 100 parts by weight of a
microcapsule-type hardening accelerator. Therefore, when
NOVACURE (trade name, manufactured by ASAHI KASEI E~CHEMIALS
CORPORATION) series is used as the microcapsule-type hardening
accelerator, the epoxy compound contained in the adhesive
composition also includes a liquid epoxy compound contained in
the microcapsule-type hardening accelerator. In this case,
the amount of the liquid epoxy compound contained in the
microcapsule-type hardening accelerator is included in the
amount of the epoxy compound (b} when the amount of each
component contained in the adhesive composition is calculated.
Therefore, the amount of the hardening accelerator particles

(c) is determined by subtracting the weight of the liquid epoxy



compound contained in the microcapsule-type hardening
accelerator from the total weight of the microcapsule-type
hardening accelerator.

[0067]

The average particle size of the hardening accelerator
particles (c) 1s preferably 0.5 to 5 pum. As used herein, the
average particle size refers to the most frequently observed
size of the individual hardening accelerator particles. When
the hardening accelerator particles have a spherical form, the
“size” refers to its diameter, and when the hardening
accelerator particles have an oval or flat form, the “size”
refers to its maximum length. Further, when the hardening
accelerator particles have a rod or fibrous form, the “size”
refers to its maximum longitudinal length. In the case of the
microcapsule-type hardening accelerator, its particle size
includes the thickness of a capsule.

[0068]

The transparency of the adhesive composition can be
improved by reducing the difference between the refractive
index of a medium comprising the organic-solvent-soluble
polyimide (a), the epoxy compound {(b), and other constituent
materials and the refractive index of the hardening accelerator
particles (c).

[0069]

Another hardening accelerator may be used together with
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the hardening accelerator particles (c). Specific examples of
such another hardening accelerator include amine-based
hardening accelerators, phosphine-based hardening
accelerators, phosphonium-based hardening accelerators,
sulfonium-based hardening accelerators, and iodonium-based
hardening accelerators.

[0070]

The adhesive composition according to the present
invention contains the inorganic particles (d). The use of the
inorganic particles makes 1t possible to adjust the melt
viscosity of the adhesive composition so as not to cause foaming
when the adhesive composition is hardened by heating. Examples
of the material of the inorganic particles include silica,
alumina, titania, silicon nitride, boron nitride, aluminum
nitride, iron oxide, glass, other metal oxides, metal nitrides,
metal carbonates, and metal sulfates such as barium sulfate.
These materials may be used singly or in combination of two or
more of them. Among them, silica is preferably used from the
viewpoint of low thermal expansibility, thermal dissipation
performance, low moisture absorptivity, and dispersion
stability in the adhesive composition.

[0071}

The inorganic particle (d) content is 30 to 80 wt%,

preferably 30 to 70 wt%, more preferably 35 to 60 wt%, even more

preferably 35 to 50 wt% with respect to the total amount of the
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above-described components (a) to {d) of the adhesive
composition and other components, other than solvents, added
if necessary. If the inorganic particle (d) content is less
than 30 wt%, the adhesive conmposition is foamed when hardened
by heating, which lowers the connection reliability of a
semiconductor device produced using the resulting adhesive
composition. Particularly, it is difficult for the
semiconductor device to maintain connection reliability when
the semiconductor device is subfected to a process where higher
durability is required such as a moisture absorption-reflow
process or a thermal cycle process. On the other hand, if the
inorganic particle (d) content exceeds 80 wt%, the following
three problems (A) to (C) occur: (A) the dispersibility of the
inorganic particles in the adhesive composition is poor so that
the agglomeration of the inorganic particles occurs; (B) the
inorganic particles are not uniformly mixed with the hardening
accelerator particles so that the connection reliability of a
semiconductor device produced using the resulting adhesive
compogition is lowered; and (C) when the adhesive composition
is applied onto a release plastic £ilm to form an adhesive sheet
and the adhesive sheet is wound into a roll, cracks are produced
in the adhesive sheet or the adhesive sheet is separated from
the release plastic film.

[0072]

Further, when the adhesive composition whose inorganic



particle (d) content is 30 to 80 wt% is used, no trace of suction
is left on the surface of the adhesive composition even when
a semiconductor chip with the adhesive composition is
transferredusing a vacuum suction collet of amounting machine.
Further, wicking of the adhesive composition onto the side
surface of the semiconductor chip can be suppressed when the
semiconductor chip is mounted on a circuit board. This makes
it possible to mount the semiconductor chip without adhesion
of the adhesive composition to the rear surface of the
semiconductor chip and a heating tool of the mounting machine
even when the thickness of the semiconductor chip is 100 pm or
less due to, for example, backgrinding of a semiconductor wafer.
[0073]

The inorganic particles (d) may have either a spherical
form or a nonspherical form such as a crushed form or a flake
form, but preferably have a spherical form from the viewpoint
of uniform dispersibility in the adhesive composition.
Further, the average particle size of the spherical inorganic
particles is preferably 3 um or less, more preferably 10 nm or
more but 1 pm or less. 1If the average particle size is less
than 10 nm, the inorganic particles are poor in dispersibility,
which makes it impossible to allow the inorganic particles to
be contained in the adhesive composition in a high concentration.
In this case, there is a possibility that the coordination

number of the inorganic particles on the surface of the
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hardening accelerator particle (c¢) is reduced, thereby reducing
the effect of improving storage stability. On the other hand,
if the average particle size exceeds 3 um, there is a case where
the coordination number of the inorganic particles around the
hardening accelerator particle (c¢) or the microcapsule-type
hardening accelerator is reduced, thereby reducing the effect
of improving storage stability.

[0074]

When the adhesive compositionneeds to have transparency,
the particle size of the inorganic particles is preferably 100
nm or less, more preferably 60 nm or less. For example, the
adhesive composition needs to have transparency when, after a
film of the adhesive composition is formed on a substrate, it
is necessary to visually identify marks on the surface of the
substrate through the adhesive composition for the purpose of
alignment and the like.

[0075]

It is to be noted that the average particle size of the
inorganic particles refers to the most frequently observed size
of the individual inorganic particles. When the inorganic
particles have a spherical form, the “size” refers to its
diameter, and when the inorganic particles have an oval or flat
form, the “size” refers to its maximum length. Further, when
the inorganic particles have a rod or fibrous form, the “size”

refers to its maximum longitudinal length. As a method for
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measuring the average particle size of the inorganic particles
contained in the adhesive composition, a SEM (scanning electron
microscope) can be used for directly observing the particles
and determining the average of particle sizes of 100 particles
by calculation.

[0076]

The content ratio of the inorganic particles (d) to the
hardening accelerator particles (c) (i.e., (d)/(c)) is
preferably larger than 2.0 but 4,000 or less, more preferably
2.5 or more but 15 or less. If the content ratio (d)/(c) is
2.0 or less, the coordination number of the inorganic particles
around the hardening accelerator particle is reduced, which
makes it impossible to improve storage stability. If the
content ratio (d)/(c) exceeds 4,000, the ability of the
hardening accelerator particles or the microcapsule-type
hardening accelerator to accelerate hardening is lowered, which
makes 1t difficult to harden the adhesive composition at a low
temperature in a short period of time.

[0077]

For the purpose of reducing the stress of a film obtained
by hardening the adhesive composition, the adhesive composition
according to the present invention may contain a thermoplastic
resin. Examples of the thermoplastic resin include, but are
not limited to, phenoxy resins, polyesters, polyurethanes,

polyamides, polypropylene, acrylonitrile-butadiene copolymer
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(NBR}, styrene-butadiene copolymer, (SBR),
acrylonitrile-butadiene-methacrylic acid copolymer, and
acrylonitrile-butadiene-acrylic acid copolymer.

[0078]

The adhesive composition according to the present
invention may contain a corrosion suppressor for suppressing
the corrosion of circuit material metals or anelectromigration
phenomenon, an antioxidant, and/or an ion scavenger without
impairing the properties of the adhesive.

[0079]

The antioxidant is not particularly limited as long as
it can impart antioxidant function, and examples thereof
include well-known antioxidants such as phenol-based
antioxidants, thicether-based antioxidants, phosphorus-based
antioxidants, and amine-based antioxidants.

[0080]

As the ion scavenger, an inorganic ion exchanger is
frequently used. An inorganic lon exchanger is effective at
scavenging ilonic impurities for the following reasons (i) to
(iv), and is therefore expected to suppress a reduction in
insulating resistance and prevent the corrosion of aluminum
wiring and the occurrence of ion migration: (i) its ion
selectivity is high and therefore a specific ion can be
separated from a system containing two or more kinds of ions;

(ii) its heat resistance is excellent; (11i) stablility against
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organic solvents and resins isexcellent; and (iv) its oxidation
resistance is excellent. Examples of such an inorganic ion
exchanger include: 1) aluminosilicates (e.qg., natural zeolite,
synthetic zeolite); 2} hydroxides or hydrous oxides (e.g.,
hydrous titanium oxide, hydrous bismuth oxide); 3) acid salts
(e.g., zirconiumphosphate, titaniumphosphate); 4) basic salts
and mixed hydrous oxides (e.g., hydrotalcites); 5)
heteropolyacids (e.g., ammonium molybdophosphate); and 6)
hexacyanoiron{(III) salts (e.g., hexacyanozinc). The trade
names of these inorganic ion exchangers are IXE~lOd, IXE-300,
IXE-500, IXE-530, IXE-550, IXE~600, IXE~-633, IXE-700, IXE-700F,
IXE~-800, IXE~6107, and IXE-6136 (manufactured by TOAGOSEI CO.,
LTD.) and DHT-4A, DHT-4A-2, Kyowaad 2100, and DHT-4H
{(manufactured by Kyowa Chemical Industry Co., Ltd.). The use
of such an ion scavenger makes it possible to scavenge impurity
ions inherently contained in the adhesive composition or
impurity ions generated from an adherend including metallic
parts such as electrodes after connection with the adherend.
When the adherend is a mounting cilrcuit board, examples of a
possible impurity ion source include a solder resist, a glass
epoxy substrate, and an adhesive used. Further, by allowing
the ion exchanger to capturemetal ions, it is possible to reduce
the metal ion concentration of the adhesive composition to
prevent electromigration. These components may be used singly

or 1n combination of two or more of them. The lon scavenger
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content is preferably 1 to 10 parts by mass with respect to 100
parts by mass of the total mass of the adhesive composition from
the viewpoint of effects obtained by adding the ion scavenger,
heat resistance, and cost.

[0081]

The adhesive composition according to the présent
invention may be used as a varnish obtained by mixing its
constituents materials in a solvent or as a film obtained by
applying it onto a release base material and removing the
solvent. Examples of the solvent include, but are not limited
to: ketone-based solvents such as acetone, methyl ethyl ketone,
methyl isobutyl ketone, cyclopentanone, and cyclohexanone;
ether-pbased solvents such as 1,4-dioxane, tetrahydrofurane,
and diglyme; glycol ether-based solvents such as methyl
cellosolve, ethyl cellosolve, propylene glycol monomethyl
ether, propylene glycol monoethyl ether, propylene glycol
monobutyl ether, and diethylene glycol methyl ethyl ether; and
other solvents such as benzyl alcohol, N-methylpyrrolidone,
y-butyrolactone, ethyl acetate, and N,N-dimethylformamide.
These solvents may be used singly or in combination of two or
more of them,

[0082]

Examples of the release base material include, but are

not limited to, polypropylene £ilm, polyethylene terephthalate

film, polyethylene naphthalate fiim, polyester film, polyvinyl
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chloride film, polycarbonate film, polyimide £ilm,
fluoropolymer film such as polytetrafluorocethylene film,
polyphenylene sulfide film, polypropylene film, and
polyethylene film. The release base material may be subjected
to release treatment using a releasing agent such as a
silicone-based releasing agent, a long-chain alkyl-based
releasing agent, a fluorine-based releasing agent, or an
aliphatic amide-based releasing agent. The thickness of the
release base material is not particularly limited, but is
usually preferably 5 to 75 pum. The thickness of the release
base material is preferably equal to or larger than that of the
adhesive composition from the viewpoint of reducing residual
stress in the adhesive composition. Further, another release
base material is preferably laminated on the surface of the
adhesive composition opposite to the surface having the release
base material, that is, the adhesive composition is preferably
sandwiched between two release base materials. As the another
release base material, one made of the above-mentioned material
and having a thickness within the above-mentioned range may be
used. The two release base materials may be the same.
[0083]

Further, it is preferred that there is a difference
between the adhesive force between one of the release base
materials and the adhesive composition and the adhesive force

between the other release base material and the adhesive
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composition. The difference in adhesive force is preferably
5 N/m or more, more preferably 47 N/m or less. By setting the
difference in adhesive force to 5 N/m or more, it is possible,
when one of the release base materials whose adhesive force to
the adhesive composition is smaller is peeled off, to prevent
the adhesive composition from being totally or partially
separated from the other release base material. Further, by
setting the difference in adhesive force to 47 N/m or less, the
adhesive composition is less likely to remain on the surface
of each of the release base materials when the release base
material is peeled off.

[0084]

The minimum melt viscosity of the adhesive composition
according to the present invention is preferably larger than
500 Pa's but less than 10,000 Pas, more preferably 600 Pa-s or
more but 5,000 Pa-s or less. By setting the minimum melt
viscosity to a value within the above range, it is possible,
when an adhesive sheet using the adhesive composition is
laminated on a semiconductor wafer or a circuit board, to
prevent the adhesive sheet from becoming wrinkled or to prevent
alr bubbles from being trapped between the adhesive sheet and
the semiconductor wafer or the circuit board. In addition, it
is also possible to reduce the amount of the adhesive
composition squeezing out from the edges of a semiconductor chip

during semiconductor chip bonding performed using the adhesive

44



composition through the application of heat. It is to be noted
that the minimum melt viscosity of the adhesive composition can
be measured using, for example, a dynamic mechanical analyzer
and a sample having a diameter of 15 mm and a thickness of 0.8
mm at a temperature rise rate of 2°C/min and a measuring
frequency of 1 Hz within a temperature range of 0 to 150°C.
[0085]

The adhesive composition according to the present
invention is suitable for use as an adhesive for semiconductor
for adhering, fixing, or sealing semiconductor chips,
semiconductor devices, circuit boards, and metal wiring
materials. In the present invention, the “semiconductor
device” refers not only to one obtained by connecting a
semiconductor element to a substrate or one obtained by
connecting together semiconductor elements or substrates but
also to all the devices that utilize semiconductor properties
to function, and electrooptic devices, semiconductor circuit
boards, and electronic parts comprising them are all included
in the definition of “semiconductor device”.

[0086]

Hereinafter, a method for producing a semiconductor
device using the adhesive composition according to the present
invention will be described with reference to one example. A
first circuit member having a first connection terminal and a

second circult member having a second connection terminal are



placed so that the first connection terminal and the second
connection terminai are opposed to each other. Then, the
adhesive compositicn according to the present invention is
interposed between the first circult member and the second
circuit member opposed to each other. The first and second
connection terminals opposed to each other are electrically
connected to each other through the application of heat and
pressure. The electrical connection may be performed after the
adhesive composition is applied onto only the connection
terminal-side surface of one of the circuit members or after
the adhesive composition is applied onto both the connection
terminal-side surface of the first circuit member and the
connection terminal-side surface of the second circuit member.
A through-electrode may be formed in one or both of the first
circuit member and the second circuit member, and a connection
terminal may be formed on one or both of the surfaces of the
member. As such a circuit member, a semiconductor chip having
bumps formed thereon such as plated bumps or stud bumps, a chip
component such as a resistor chip or a capaclitor chip, a
semiconductor chip having TSV (through-silicon via) electrodes,
or a substrate such as a silicon interposer, a glass epoxy
circuit board, or a film circuit board is used.
{00871

Further, the adhesive composition according to the

present invention can also be used as an adhesive resinmaterial
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for producing a die attach f£ilm, a dicing die attach f£ilm, a
lead frame fixing tape, a solder resist, and the like or as an
adhesive resin material for producing an adhesive for adhering

radiator plates, reinforcing plates, shielding materials, and

A method for producing a semiconductor device will be
described in which a semiconductor chip having bumps and a
circult board having a wiring pattern or a semiconductor chip
are electrically connected to each other using the adhesive
composition for semiconductor according to the present
invention interposed therebetween so that the gap between the
semiconductor chip and the circuit board having a wiring pattern
or the semiconductor chip is sealed with the adhesive
composition for semiconductor. The semiconductor chip and the
clrcult board or the semiconductor chip are connected to each
other using the adhesive composition for semiconductor
interposed therebetween. At this time, the adhesive
composition for semiconductor may be cut to have a predetermined
size and then applied onto the wiring pattern surface of the
circuit board having a wiring pattern or the bump-forming
surface of the semiconductor chip. Alternatively, the
adhesive composition for semiconductor may be applied onto the
bump~forming surface of a semiconductor wafer and then divided

into chips by dicing the semiconductor wafer to produce
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semiconductor chips having the adhesive composition for
semiconductor applied thereon.
[0089]

After the adhesive composition for semiconductor is
applied onto the circuit board having a wiring pattern or the
semiconductor chip, the semiconductor chip is mounted by a
bonding machine. The mounting conditions are not particularly
limited as long as good electrical connection can be achieved,
but application of heat and pressure needs to be performed at
a temperature 100°C or higher and a pressure of 1 mN/bump or
larger for 0.1 second or longer to harden the adhesive
composition for semiconductor. The bonding temperature is
preferably 120°C or higher but 300°C or lower, more preferably
150°C or higher but 250°C or lower, the bonding pressure is
preferably 5 mN/bunmp or larger but 50, 000 mN/bump or less, more
preferably 10 mN/bump or larger but 10,000 mN/bump or less, and
the bonding time is preferably 1 second or longer but 60 seconds
or shorter, more preferably 2 seconds or longer but 30 seconds
or shorter. Duringbonding, the bumps on the semiconductor chip
and the wiring pattern on the circuit board are brought into
contact with each other and temporarily pressure-bonded
together by applying heat and pressure for 0.1 second or longer
at a temperature of 50°C or higher and a pressure of 1 mN/bump
or larger, and are then finally bonded together under the

above-mentioned conditions. If necessary, after the
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completion of bonding, the circuit boardwith the semiconductor
chip may be heated at a temperature of 50°C or higher but 200°C
or lower for 10 seconds or longer but 24 hours or shorter.
[0090]

Due to recent significant progress of automation of
processes for producing a semiconductor device, adhesive
compesitions for semiconductor and circuit boards or
semiconductor chips having an adhesive composition for
semlconductor applied thereonto are required to be able to be
stored at room temperature for preferably 30 days or longer,
more preferably 60 days or longer before hardening. The use
of the adhesive composition according to the present invention
makes it possible to obtain a semiconductor device that can be
stored for 60 days or longer even at room temperature, causes
no foaming during bonding, provides initial electrical
continuity even by a brief application of heat and pressure,
and has excellent connection reliability such that electrical
continuity can be maintained even after a heat shock test
performed between -40°C to 125°C after moisture

absorption-reflow.

EXAMPLES
[0091]
Hereinafter, the present invention will be described with

reference to the following examples, but is not limited to these
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examples. Adhesive compositions prepared in the examples were
evaluated by the following methods.
[0092]

Synthesis Example 1

Synthesis of Organic Solvent-Soluble Polyimide A

Under a dry nitrogen flow, 24.54 g (0.067 mol) of
2,2-pis(3-amino-4-hydroxyphenyl)hexafluoropropane
(hereinafter, referred to as “BAHEF”), 4.97 g (0.02 mol) of
1,3~bis(3-aminopropyl)tetramethyldisiloxane) (hereinafter,
referred to as “SiDA”), and 1.86 g (0.02 mol) of aniline as an
end capping agent were dissolved in 80 g of NMP. Then, 31.02
g (0.1 mol) of bis(3,4-dicarboxyphenyl)ether dianhydride
{hereinafter, referred to as “ODPA”) was added thereto together
with 20 g of NMP, and they were reacted at 20°C for 1 hour and
then stirredat 50°C for 4 hours. Then, 15 gof xylene was added,
and the xylene and water were subjected to azeotropic
distillation while being stirred at 180°C for 5 hours. After
the completion of stirring, the solution was charged into 3 L
of water to obtain a white precipitate of a polymer. The
precipitate was collected by filtration, washed with water
three times, and dried using a vacuum drier at 80°C for 20 hours.
The infrared absorption spectrum of the obtained polymer solid
was measured, and as a result, absorption peaks of an imide
structure derived from a polyimide were detected at about 1780

em™ and 1377 cm™t. In this way, an organic-solvent-soluble
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polyimide A having a functional group reactable with an epoxy
group and containing 7.5 wt% of a structure represented by the
general feormula (1) was obtained. When ¢ g of tetrahydrofuran
was added to 4 g of the organic-solvent-soluble polyimide A and
stirred at 23°C, the organic-solvent-soluble polyimide A was
dissolved.
[0093]

Synthesis Example 2

Synthesis of Organic Solvent-Soluble Polyimide B

Undex a dry nitrogen flow, 18.31 ¢g (0.05 mol) of BAHF,
7.46 g (0.03 mol) of SiDA, and 3.72 g (0.04 mol) of aniline as
an end capping agent were dissolved in 150 g of NMP. Then, 52
g (0.1 mol) of 2,2-bis(4~dicarboxyphenoxy)phenyl)propane
dianhydride (hereinafter, referred to as “BSAA”) was added
thereto together with 30 g of NMP, and they were reacted at 20°C
for 1 hour and then stirred at 50°C for 4 hours and then at 180°C
for 5 hours. After the completion of stirring, the solution
was charged into 3 L of water to obtain a white precipitate of
a polymer. The precipitate was collectedby filtration, washed
with water three times, and dried using a vacuum drier at 80°C
for 20 hours. The infrared absorption spectrum of the obtained
polymer solid was measured, and as a result, absorption peaks
of an imide structure derived from a polyimide were detected
at about 1780 cm™ and 1377 cm’. In this way, an

organic-solvent-soluble polyimide B having a functional group
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reactable with an epoxy group and containing 8.8 wt% of a
structure represented by the general formula (1) was obtained.
When 6 g of tetrahydrofuran was added to 4 g of the
organic-solvent-soluble polyimide B and stirred at 23°C, the
organic-solvent-soluble polyimide B was dissolved.
[0094]

Synthesis Example 3

Synthesis of Organic Solvent-Soluble Polyimide C

Under a dry nitrogen flow, 14.65 g (0.04 mol) of BAHF and
9.96 g (0.04 mol) of SiDA were dissolved in 130 g of NMP. Then,
44 .42 g (0.1 mol) of
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride
(hereinafter, referred to as “6FDA”) was added thereto together
with 20 g of NMP, and they were stirred at 20°C for 1 hour and
then at 50°C for 2 hours. Then, 3.72 g (0.04 mol) of aniline
was added thereto as an end capping agent, and they were stirred
at 50°C for 2 hours and then at 180°C for 5 hours. After the
completion of stirring, the solution was charged into 3 L of
water to obtain a white precipitate of a polymer. The
precipitate was collected by filtration, washed with water
three times, and dried using a vacuum drier at 80°C for 20 hours.
The infrared absorption spectrum of the obtained polymer solid
was measured, and as a result, absorption peaks of imide
structures derived from a polyimide were detected at about 1780

cm™ and 1377 cm™. In this way, an organic-solvent-soluble
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polyimide C having a functional group reactable with an epoxy
group and containing 12.6 wt% of a structure represented by the
general formula (1) was obtained. When 6 g of tetrahydrofuran
was added to 4 g of the organic-solvent-soluble polyimide C and
stirred at 23°C, the organic-solvent-soluble polyimide C was
dissolved.
[0095]

Synthesis Example 4

Synthesis of Organic Solvent-Soluble Polyimide D

Under a dry nitrogen flow, 4.82 g (0.0165 mol) of
1,3-bis (3-~aminophenoxy)benzene (hereinafter, referred to as
“APB-N”), 3.08 g (0.011 mol) of
3,3’ -diamino-4, 4’ ~dihydroxydiphenylsulfone (hereinafter,
referred to as “ABPS”), 4.97 g (0.02 moil) of SibDA, and 0.47 g
(0.005 mol) of aniline as an end capping agent were dissolved
in 130 g of NMP. Then, 26.02 g (0.05 mol) of
2,2-bis{4-(3, 4-dicarboxyphenoxy)phenylipropane dianhydride
{hereinafter, referred to as “"BSAA") was added thereto together
with 20 g of NMP, and they were reacted at 25°C for 1 hour and
then stirred at 50°C for 4 hours and then at 180°C for 5 hours.
After the completion of stirring, the solution was charged into
3 L of water and filtered to collect a precipitate. The
precipitate was washed with water three times and dried using
a vacuum drier at 80°C for 20 hours. The infrared absorption

spectrum of the obtained polymer solid was measured, and as a
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result, absorption peaks of an imide structure derived from a
polyimide were detected at about 1780 cm™ and 1377 cm™*. 1In
this way, an organic-solvent-soluble polyimide D having a
functional group reactable with an epoxy group and containing
11.6 wt% of a structure represented by the general formula (1)
was obtained. When 6 g of tetrahydrofuran was added to 4 g of
the organic-solvent-scluble polyimide D and stirred at 23°C,
the organic-solvent-soluble polyimide D was dissolved.
(0096]

Synthesis Example 5

Synthesis of Organic Solvent-Soluble Polyimide E

Under a dry nitrogen flow, 4.82 g (0.0165 mol) of
1,3-bis(3-aminophenoxy)benzene (hereinafter, referred to as
“APB-N”), 3.08 g (0.011 mol) of
3,3’ -diamino~4, 4’ -dihydroxydiphenylsulfone (hereinafter,
referred to as “ARBPS”), 4.97 g (0.02 mol) of SiDA, and 0.55 g
{0.005 mol) of 3-aminophenol as an end capping agent were
dissolved in 130 g of NMP. Then, 26.02 g (0.05 mol) of
2,2-bis{4~ (3, 4~dicarboxyphenoxy)phenyl}propane dianhydride
(hereinafter, referred to as “"BSAA") was added thereto together
with 20 g of NMP, and they were reacted at 25°C for 1 hour and
then stirred at 50°C for 4 hours and then at 180°C for 5 hours.
After the completion of stirring, the solution was charged into
3 L of water and filtered to collect a precipitate. The

precipitate was washed with water three times and dried using
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a vacuum drier at 80°C for 20 hours. The infrared absorption
spectrum of the obtained polymer solid was measured, and as a
result, absorption peaks of an imide structure derived from a
polyimide were detected at about 1780 cm™ and 1377 cm™. 1In
this way, an organic-solvent-soluble polyimide E having a
functional group reactable with an epoxy group and containing
11.5 wt% of a structure represented by the general formula (1)
was obtained. When 6 g of tetrahydrofuran was added to 4 g of
the organic-solvent-soluble polyimide E and stirred at 23°C,
the organic-solvent~soluble polyimide E was dissolved.
[0097]

Other materials used in Examples and Comparative Examples
are as follows.
[(0098]

(b) Epoxy Compound

Solid Epoxy Compound

157870 (trade name, epoxy eqguivalent: 210 g/eq,
manufactured by Mitsubishi Chemical Corporation)

Liguid Epoxy Compound

YL.980 (trade name, epoxy eguivalent: 185 g/eq,
manufactured by Mitsubishi Chemical Corporation)

(c) Hardening Accelerator Particles

CUREZOL 2Z2MZA-PW (trade name, manufactured by SHIKOKU
CEEMICALS CORPORATION, average particle size: 4 um)

Microcapsule~type Hardening Accelerator
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Liguid epoxy compound contained in NOVACURE HX-3792
(trade name, manufactured by ASAHI KASEI E-MATERIALS
CORPORATION)

NOVACURE HX~3792 contains a microcapsule-type hardening
accelerator and a liquid epoxy compound in a ratio of 1:2, and
the liquid epoxy compound contained in NOVACURE HX~3792 is a
bisphenol A-type epoxy compound. In rows labeled “NOVACURE
HX~-3792” in Tables, values in parentheses represent the amount
(parts by welght) of microcapsules.

[0099]

Liquid epoxy compound contained in NOVACURE HXA~3941HP
(trade name, manufactured by ASAHI KASEI E~-MATERIALS
CORPORATION)

Liquid epoxy compound contained in NOVACURE HXA-3932HP
{trade name, manufactured by ASAHI KASEI E-MATERIALS
CORPORATION)

NOVACURE HXA~3941HP contains a microcapsule-type
hardening accelerator and a liquid epoxy compound in a ratio
of 1:2, and the liquid epoxy compound contained in NOVACURE
HXA~3941HP is a 1:4 mixture of a bisphenol A-type epoxy compound
and a bisphenol F-type epoxy compound . In rows labeled
“"NOVACURE HXA-3941HP” in Tables, values in parentheses
represent the amount (parts by weight) of microcapsules.
[0100]

{(d) Inorganic Particles
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IPA-ST-S (trade name, manufactured by NISSAN CHEMICAL
INDUSTRIES, LTD., spherical silica particles, average particle
size: 9 nm, suspension of 25.5 wt% silica in isopropyl alcohol)
[0101]

MIBK-ST ({(trade name, manufactured by NISSAN CHEMICAL
INDUSTRIES, LTD., spherical silicaparticles, average particle
size: 12 nm, suspension of 30 wt% silica in methyl isobutyl
ketone)

{0102}

SXO009KJA (trade name, manufactured by Admatechs Co., Ltd.,
spherical silica particles, average particle size: 50 nm,
suspension of 50 wt% silica in methyl isobutyl ketone)

SO-E1 (trade name, manufactured by Admatechs Co., Ltd.,
spherical silica particles, average particle size: 0.25 um)
[0103]

S0-E2 {(trade name, manufactured by Admatechs Co., Ltd.,
spherical silica particles, average particle size: 0.5 um)
[0104]

SO-E3 (trade name, manufactured by Admatechs Co., Ltd.,
spherical silica particles, average particle size: 1.0 um)
[0105]

SO-E5 (trade name, manufactured by Admatecns Co., Ltd.,
spherical silica particles, average particle size: 2.0 um)
[0106]

UF-320 (trade name, manufactured by Tokuyama Corporation,



spherical silica particles, average particle size: 3.5 um)
[0107]

(e) Solvent: methyl isobutyl ketone

Another Hardening Agent

CUREZOL 2PZ {(trade name, manufactured by SHIKOKU
CHEMICALS CORPORATION, dissolved in adhesive compositions and
not present as particles)
[0108]

Examples 1 to 41 and Comparative Examples 1 to 38

Adhesive composition varnishes of Examples 1 to 41 and
Comparative Examples 1 to 38 were prepared by mixing their
components in compounding ratios shown in Tables 1 to 13 and
dispersing the inorganic particles and the hardening
accelerator particles with the use of a ball mill.
(0109]

(1) Method for Producing Adhesive Composition

Fach of the thus prepared adhesive composition varnishes
having the compounding ratios shown in Tables 1 to 13 was applied
onto the untreated surface of a 60 um—thick polypropylene film
{(trade name: TORAYFAN BO 2570A, one-side corona discharge
treated film) as a release base material with the use of a slit
die coater (coating machine), and was dried at 80°C for 10
minutes. After drying, on the thus obtained adhesive
composition film having a thickness of 50 pm, a 10 pm—thick

polypropylene film (trade name: TORAYFAN BO YKS57, one-side
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corona discharge treated film) was laminated as another release
base material in such a manner that its untreated surface was
brought into contact with the adhesive composition. The
adhesive film whose both surfaces were covered with the release
base materials was wound around a paper core having an outer
diameter of 9.6 cm into a roll shape in such a manner that the
release base material 2570A was located inside to obtain a
master roll of an adhesive composition sheet. Then, the master
roll was slit into awidthof 7.5mmwith the use of a filmslitter
and wound around reels having an outer diameter of 5.0 cm into
a roll shape in such a manner that the release base material
2570A was located inside to obtain a tape roll having the
adhesive composition whose both surfaces were covered with the
release basematerials. The thusobtained tape roll was divided
into two groups depending on their storage conditions and
evaluated. One was subjected to the following processes (2)
to (4) just after production and the other was stored under
conditions of 23°C and RH 55% before subjected to the following
processes (2) to (4).
{0110]

{(2) Tape Attachment Process

The adhesive composition of the tape roll having the
adhesive composition whose both surfaces were covered with the
release base materials and produced in the above (1) was applied

onto a circult board with the use of a tape bonding machine
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(manufactured by Toray Engineering Co., Ltd. under the trade
name of DA 2000). First, the release base material YK57 was
removed from the tape roll having the adhesive composition whose
both surfaces were covered with the release base materials to
expose the surface of the adhesive composition. Then, the
surface of the adhesive composition, fromwhich the release base
material YK57 had been removed, was bonded at 80°C for 1 second
to acircuit board (gold padelectrodes, a glass epoxy substrate
with a circuit on which 300 7.5 mm-square semiconductor chips
can be mounted) fixed on a stage, and then the release base
material 2570A was removed. This tape attachment process was
repeatedly performed to obtain a circuit board having 300 7.5
mm-square areas onto which the adhesive composition was
applied.
[0111]

(3) Flip Chip Bonding and Display Test of Produced Liquid
Crystal Panels

Semiconductor chips were flip-chip bonded to the circuit
board with the adhesive composition for semiconductor prepared
in the above (2). The connection of the semiconductor chips
to the circuit board with the adhesive composition for
semiconductor was performed using a flip chip bonding machine
(manufactured by Toray Engineering Co., Ltd. under the trade
name of FC~2000). The flip chip bonding was performed by fixing

the circult board with the adhesive composition to a bonding
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stage heated to 80°C, temporarily pressure-bonding the
semiconductor chips under conditions of a temperature of 80°C,
a pressure of 15 N/chip (with gold stud bump electrodes having
an average height of 35 pm, 448 bumps/chip, pitch: 60 um,
peripheral arrangement, 7.5 mm~square chip), and a time of 5
seconds, and then finally pressure-bonding the semiconductor
chips under conditions of a temperature of 200°C, a pressure
of 200 N/chip, and a time of 10 seconds. The bonding was
performed per chip and repeated until 300 semiconductor chips
were bonded to all the 300 areas. It is to be noted that the
time from the beginning to end of bonding was 20 minutes. After
the completion of bonding, the circuit board was divided by a
substrate cutting machine into 300 circuit boards with a
semiconductor. Each of the thus prepared circuit boards with
a semiconductor was incorporated into a liguid crystal
substrate to produce a liquid crystal panel (semiconductor
device), and the liquid crystal panel was subjected to a display
test. When displaying images, the liquid crystal panel was
evaluated as “acceptable”, and when displaying no images due
to poor connection between the chip and the circuit board, the
liguid crystal panel was evaluated as “unacceptable”. The
display test was performed on all the 300 liguid crystal panels,
and evaluation was performed according to the following
criteria. The evaluation results are shown in Tables 1 to 13

(Before reliability test).
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00: The ratio of acceptable liguid crystal panels was
99.5% or higher.

0: The ratio of acceptable liquid crystal panels was 95.0%
or higher but lower than 99.5%.

x: The ratio of acceptable liquid crystal panels was lower
than 95.0%.
(01121

(4) Display Test of Ligquid Crystal Panels after
Connection Reliability Test

Twenty circuit boards with a semiconductor were selected
from the circuit boards with a semiconductor evaluated as
“acceptable” in the display test in the above (3), and were then
left standing in a constant temperature and humidity chamber
under conditions of 85°C and RH 60% for 168 hours for moisture
absorption. Then, reflow soldering was performed under reflow
conditions of 260°C and 5 seconds (moisture absorption-reflow
process). Then, 10 of the 20 circuit boards with a
semiconductor were subjected to 1000 thermal cycles each
consisting of incubation at ~40°C for 5 minutes and incubation
at 125°C for 5 minutes, and the remaining 10 circuit boards with
a semiconductor were subjected to 2000 thermal cycles. Then,
each of the circuit boards with a semiconductor was incorporated
into a liquid crystal substrate to produce a liquid crystal
panel. All the ligquid crystal panels using the circuit boards

with a semiconductor subjected to 1000 or 2000 thermal cycles

62



were subjected to a display test and evaluated according to the
following criteria. The evaluation results are shown in Tables
1 to 13 (After reliability test/1000 cycles, 2000 cycles).

0: All the 10 liquid crystal panels displayed images.

x: Not all the 10 liguid crystal panels displayed images

due to poor connection.

[0113]
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{Table 1]

[Table 1]

Exanmples Comparative Examples
1 2 3 4 il 2 3
rganic-solvent-solubie _— -
. l(a)|0Fganic-solvent=solubl polyimide A 25 29 30 33 34 24 33
Z polvimide
® 30lid epoxy compound 157870 10 28 30 29.9 27 10 27
s ((bliTiguid epoxy compound YL98C 40 30 37 35 38 37
= Total 50 58 590 66.9 3 43 64
[o}
B :é (c)iEardening accelerator particles |2MZA~PW 25 13 10 0.z £.033 23 —
@ ¢
g Znother hardening agent 272 - - - - - - 4
a
= - : ST ™ =4 1= - n b bl P4
= |(d){Incrganic particles SO-EL 150 i5¢ 150 i30 150 150 150
£
= 1(e)solvent 8¢ 80 80 80 80 80 80
Organic-soivent-soluble polyimide content {parts by weight -
gantersolvent-s po-yiiae © P y weight) 50 50 50 £9 52 50 52
{with respect to 100 parts by weight of epoxy compound)
Hardening accelerator particle content arts by weight . -
ardening acce.erator partic ptent (parts by weight) 50 22 17 | 0.15 |0.05 | 58 -
(with respect to 100G parts by weight of epoxy compound)
Inorganic particle content {wi%) 50 60 69 60 60 60 60
+3 f inocrgani arti { tent to hardeni a lerator riic
Ratic of inorg ¢ particle (d} chm er_t ‘,9 hardening accelerator particle 6.0 115 15 1500 4545 5.4 _
{c) content
E Before reliability test (ol (o8] O O x O O
S | Just after preparation of adhesive |Afrer reliability test (1000 cycles)| O O x * *
ko
-9:-,4 Afer reliability test (2000 cycles) O O x x x x *
a
38
o Before reliability test O O @) @] x x %
o
<]
- \fter storage of achesive at 23°C . . .. i}
E snd RH 55% for 3 months Lfter reliability test (1000 cycles)| O O x x x % x
&
A Afer reliability test (2000 cycles) O @] d x x x %
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[Table 2]

[Table 2]

Examples Comparative Examples
5 6 7 8 4 5 [
. Organic-solvent-solublie . . ~ 5 - -
F TN R ! : Polyimide & 25 29 30 33 34 24 33
5 polyimide
J;f' Solid epoxy compound 157870 10 28 30 29.9 27 10 27
5 _|{bHLiquid epoxy compound ¥YL980 40 30 30 37 39 38 37
bl Total 50 58 60 66.9 66 48 64
“
Q Hardening accelerator . .
Beogfroy| TR AT 2MZA~PW 25 13 10 0.1 | 0.033] 28 —
3 particles
a .
o = Another hardening agent 277 — - - — - - 4
o
(s} -~
¢ {d){Inorganic particles SO~E1 68 68 68 68 68 68 68
ket
< [(a)[Soivent 80 80 80 80 80 80 80
Crganic-solvent-scluble polyvimide content (parts by welght) - - - .
e Tosne Boss Son-enn pares By welghd so | so | s0 | 49 | s2 | s0 | s2
(with respect to 100 parts by weight of epoxy compound)

Hardening accelerator particle content (parts by weight) 50 55 ‘g 0.15 0.05 58

. N n~ - . -~ N ~ -
(with respect to 100 parts by weight of epoxy compound)
Inorganic particle content (wt$%) 40 40 40 40 40 40 40
Ratio of inorganic partlicle (d) content tc hardening accelerator - -
© ganic p te (d) o ¢ to hardening ‘ 2.7 | 5.2 7 680 | 2061 | 2.4 —
particlie {cl] content
o - i1 ,
o Before reliability test CO QO O O x O O
o Just after preparation of
e x = EIRTSNE T - : 4Ny -
Hg:j adhessve After reliability test (1000 cycles)| O O o O % % x
@l
o 4 Afer reliability test (2000 cycles) O O x x x * *
oo
0 ~ . 3 . .
o g RBefore reliability test O O @) O x x X
n
> Afte tor thesive ati, - D ahi 4 fest 1
5 h Afocr storage ?f“adh SIVe &linfter reliability test (1000 cycles)] O O x x x x x
4 1237C and RH 55% for 3 months
Ui 3 Lo . -~ 5
o Afer reliability test (2000 cyclies) O O % x x % x

(&)
ot
Y
o
[
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[Table 3]
{Table 3]
Examples Comparative Examples
9 190 11 1z 8 9
Organic~solvent-soluble L - - .,
o fa) o rI98Ee Polyimide A 5 29 30 33 34 24 33
- polyvimide
3 Sclid epoxy compound 157870 10 28 30 29.9 27 10 27
5§ |(b)lLiguid epoxy compound YLGEO 40 30 30 7 39 38 37
_{-j e Total S0 58 60 56.9 66 48 64
g = Hardening accelerator
S l(cy ST Y anEEaERe 2MZA-PW 25 13 10 0.1 |0.033] 28 -
E = particles
O >y
o oA :
) Another hardening agent 2PZ e - — — — — 4
ke
1]
2 I{d){Inorganic particles SC-E1 43 43 43 43 43 43 43
kel
= [(&){Zclvent 60 60 50 60 60 60 60
nic-solvent-soluble yvimide content (parts by weight)
Orga“c solvent-so - polyimid ?o )enL (parts by \_int 50 50 50 49 50 50 50
(with respect 100 parts by weight of epoxy compound)
Hardeniry rator particle content (parts by weight . - . _
. ererer b ST Y gnt) 50 22 17 0.15 | 0.05 58 _
(with respect to 100 parts by weight of epoxy compound)
Inorganic particie content {(wt% 30 30 30 30 30 30 30
ATA0 3 Zni ticie (d) cont £ Zrdens sccelerator
Ratioc of inorganic paru.cf.v d) content g? hardening accelsrator 1.7 3 3 2 430 1303 1.5 _
particle (c} content
fg Before reliability test O [o]®) O O x O O
& Just after preparation of
s B £4 raliahlility taar (10 .
HE} adhesive After reliabllity test (1000 cycles) O O O O X X x
4 @ . n .
° o fer reliability test (2000 cycles) x * % x x x x
pe
a1 ; 2 1 3 A -
3§ Before reliability test O O O O X % x
» %} After storage of adhesive at At st £ (1000 Tes) o o
o . wfter reliabillity test (10L cyclies x X x X X
% 1 23%C and RE 55% for 3 months |7 CET TEELEVLLITY Tes P CYe.es
o
A Afer reliabllity test (2000 cycles) x x % X x x x

~
[
—
—
[8)

]
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[Table 4]
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[Table 4]
Examples Comparative Examples
13 14 15 16 10 11 1z
E Organic-solvent-soluble . -
£ j{a PO imi 2 2f 3 34 24 3
5 } )pOLyunlde Polyimide A 5 29 0 33 3 2 3
2 Soiid epoxy compound 157370 1 28 30 26.9 27 10 27
S _HDb)Liguid epoxy compound Y1.980 40 30 30 37 39 38 37
4 g |Total 50 58 60 | 66.9 | 66 e €4
a - Hardening accelerator . . B
B 8 (¢)|R2ECenng - 2MZA-BW 25 13 10 | 0.1 |0.033| 28 =
g particles
(S
0 < Another hardening agent |2PZ — — - - - - 4
e
o {{d){Tnorganic particles SO-E1 350 250 350 350 350 350 350
g
< {{e)jSolvent 206 2090 200 200 200 200 200
ganic-— rent- ub!l lyimide content art eight)
Orgcr.;imc solw&d; lsoldbﬂ_e pO_y...'i’F.lO.e vonwnt’ (parts by we _;hl_f 50 50 50 49 59 50 5
{with respect tc 100 parts by weight of epoxy compound)
Hardening accel tor ticle content (parts by weight -
a __114_ g ac : »era oy partic : J_l (pa by weight) 50 55 17 0.15 0.05 58 _
(with respect to 100 parts by weight of epoxy compound)
Inorganic particle content (wt%) 78 78 78 78 78 78 78
Ratio of inorgani rticl ntent to hardeni celerator
at s ganic pa 1c“e _:(d} content Li) ardening accelerato 14 29 35 2500 | 10606 13 _
particle (¢} content
© Before reliability test [@]e) o0 O O x O O
js] - =
Just after preparation of - - Cqs R .
Eg © Lcadl'gesﬁje Y% |after reliability test (1000 cycles) O '®) O O x x x
cs Afer reliability test (2000 cyclesg) X x x x * * *
L=
5o
}2§ Before reliability test O O O O x x x
>T1After storage of adhesive at T
2 %123°C and RH 55% for 3 months |PfFer reliability test (1000 cycles) @) @] x x x x %
[2]
a Lfer reliability test (2000 cycles) x % x x x X x
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[Table 5]

[Table 5]
Comparative Examples
13 14 15 16
. |(a)|Organicsolvent-soluble Polyimide A 25 29 30 33
PN polyimide
44| [solid epoxy compound 157570 10 28 30 | 29.9
§§ (b)Liguid epoxy compound Y1980 40 30 30 37
9 o Total 50 58 60 66.9
Q .
& W Ly & = < - -
£ 8(c|Harcening accelerator 2MZA-PW 25 13 10 | 0.1
e 5 particles
§“’(d)inorganic particles SO-El 35 35 35 35
{e)|Solvent 80 80 80 80
Organic-solvent-soluble polyimide content (parts by weight) 50 50 50 40
(with respect to 100 parts by weight of epoxy compound)
Hardening accelerator particle content (parts by weight) 50 05 19 0.15
(with respect to 100 parts by weight of epoxy compound) )
Inorganic particle content (wt%) 26 26 26 26
Ratio of inorganic particle (d) content to hardening accelerator particle _— 5 g 4 350
(c) content oo ’ -
. Before reliability test O O O O
“ i Just after preparation of
& ~er brep After reliability test (1000 cycles) x x x x
. adhesive .
i Afer reliability test (2000 cycles) % x x x
ey O
s Before reliability test O O O O
@'9| After storage of adhesive at it liability test (1000 cvoles) y y 5 )
Q.ﬁ 23°C and RH 55% for 3 months pLter re-sabioaty tes cye- es
= Afer reliability test (2000 cycles) x x % x

68



Comparative Examples
17 ig 19 290
|Organic-solvent-soluble G r s 5
e ey TP R - Polyimide A 25 29 30 33
S polyimide
E% Solid epoxy compound 157370 10 28 30 29.9
2 ¢|(bLiquid epoxy compound Y1980 40 30 30 37
o Total 50 58 60 66,9
& - - . a - ~ -
:2 {c}|Hardening accelerator particles [|ZMZA-PW 25 i3 10 0.1
p
@ % =
£-l(d)jInorganic particles So-81 500 500 500 50C
< < :
(e){Solvent 200 200 200 200
Crganic-solvent-soluble polyimide content (parts by weight) 50 50 50 A5
(with respect to 100 parts by weight of epoxy compound) i
1~ : St o p . P ] y o —~ 1~ + g S g
HaL‘de?nlng a\,C)uJ_ICZaEOl’. pmru?le co.ni,e’nt ’(purts by weight} 50 22 17 0.15
(with respect to 100 parts by weight of epoxy compound)
Inorganic particle content (wt% 83 83 83 83
Ratio of inorganic particle (d) content to hardening accelerator particle (c) content 20 38 50 5000
e Before reliability test % x x x
w
44
SQ‘ Just after preparation of adhesive |After reliability test (1000 cycles) x x x x
o
It 3 . ’os N
a3y Afer reliability test (2000 cycles) x x x x
=y
E,j Before reliability test X x % X
o, After st ki ithesi v 23° o o
@3 Aiter Forage of achesive at 23C fafrer reliability test (1000 cycles) x x x x
a g and RH 55% for 3 months
A Bfer reliability test (2000 cycles) x x % x

[en)
’_\
=
e
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Examples Comparative Examples
17 i8 19 20 2% 22 23 24 21 22 23 24
(a) Organic-solvent-soluble Polvimide A 25 95 40 e 15 20 25 ., 50 40 25
z polvimide Polyimide 10 5 S 4 35 : 2 1 4
@ Solid epoxy compound 15787¢ 0 0 10 15 20 40 20 43 a5 35 0 50
Q (b){Liquid epoxy compound Component of (c) (60) | (50) F43.3] (3001 (303} (3031 (L0) | (2) [ {30)}(10) ] (40)] —
s Total 60 50 |53.4] 45 50 7 30 50 75 45 40 75
o]
L0 Microcapsule-type hardening 65 _ . ~
B i 2 75 45 | 45 3 45 | 1 6
§ g|(c)jaccelerator HxX-3792 '33\ (“J" (L. (7;\ (15) (fg\ '53) fi% (15} _,53) *g“') -
£z {microcapsules) AR IR B RA It B B R A ”
9]
% Another hardening agent 2p7 _ . _ . - _ _ . _ _ _ 5
(5]
[J]
% |{d}jInorganic particles S0-£1 100 | 100 { 100 | 160 | 100 | 100 | 1006 | 1C0 | 100 | 100 | 100 | 100
<
(e)|Solvent 80 | 80 | 80 | 80 | 8C | 80 | 80 ! 80 | 80 | 80O | 8D | 8O
rganic-solvent-soluble polvimide content (parts by welght; c v - 1
i u 50 47 1 67 8 111
(with respect tc 100 parts by weight of epoxy compound) . v ’ 89 70 2 o0 13 100 33
Microcapsule-type hardening acceierator content (parts by weight} . — - - -
i 1 ¥ i i 5 41 0 1 1 —
(with respect to 100 parts by weight of epoxy compound) 0 S0 33 Sy 2 1 - 20 + 20
Iinorganic particle content (wt%) 50 50 50 50 50 50 65 57 50 50 50 56
Ratio of inorganic particle (d) content to hardening accelerator -
h , 3.3 A 4 . R L7 6.7 28 5. -
particle {c) content 3.314.0}4.6(6.7}6.7]¢ 20 {1004} & 20 1 5.0
T Before reliability test OO0 |00 COICO 000000 O O O O
Z T 1iability -
g Just after preparation of A}ctﬁ‘ r_el“a“”]’*l“y rest ) O O O O O ® x x x % x
: adhesive (1000 cycles)
E Afer reliability test
= - % % X x % % x *
a5 (2000 cycles) * o O o
a5
oo Before reliability test ooloolooloolooloojoo|oo| ~ | x « | ox
o
a =3 t it T adsr 4+ e
= | After storage of adhesive at 23° jAfter reliability test ~ o) o o o x % x x x *
Y and RE 55% for 3 months (1000 cycles) 1o
L . .
[ Afer reliability test
e e X X % X X
8 (2000 cycles) ) © 1 O = o * *
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[Table 81}

[Table 8]

Examples Comp.EX.
25 26 27 28 25
{a)]Organic-solvent-scluble polyimide [Polyimide A 26 29 30 33 &7
=] [ g = p -~
S Solid epoxy compound 157570 5 2% 25 33 12
ﬁ'é(h)Liquid epoxy compound £L280 o 2L 18 ot E
D AT il Sk Y Py \ =
°% Component of {(c) (46) (24} {(18) 11{0.2) (0)
£ 7] [Total 51 59 61 | 67132 53
v A UwcLocaps IE-Type hardening 69 26 P 0.3
¢ [ - o Q ~ £ - -
2 t: (C) accelerator . HX-3782 (23) (12) {9) (0.1)
§ (mlcrocaoqul@";
£-1{d){Inorganic particles 30~-E1 150 150 150 150 150
=
(e){Solvent 8C 80 80 80 80
Organic-solvent-soluble polyimide content (parts by weilght) 51 45 49 45 50
Y 1 s ] = 2 - r 2 3 U
(with respect to 100 parts by weight of epoxy compound)
Microcapsule-type hardening accelerator content {parts by weight} 45 20 15 015 N
. . . 5 ~ ~ Vo oA
(with respect to 100 parts by weight of epoxy compound)
Inorganic particle content (wt%) 0 60 60 60 60
Ratio of inorganic particle (d) content to hardening accelerator particle (<) 6.5 13 17 1500 _
content ) i B
o Before reliability test (@10 Q0 (G010 o0 x
5
o N N : Py 9 sy N c ;
A 0 Just after preparation of adhesive |[Afifer reliability test (1000 cycles) O O @ @ x
- w
w5
° g Afer reliability test (2000 cycles) O O x x x
0w
@ . N
b Before reliagbility test Q0 | OO { OO | OO X
e . s ) )
5‘3 After storage of adhesive at 23°C and ~ liabili (1000 Tes) o o N N 3
a— % rel ty te 1000 cles
. RH 55% for 3 months After reliability test (1000 cycle
-
a Afer reliability test (2000 cycles) O O X % s
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(01213
{Table 9]
[Table 9]
Examples Comp.Ex.
29 30 31 32 26
{a)iOrganic~solvent-scluble polyimide Polyimide A 26 29 30 33 47
g Solid epoxy compound 157570 5 21 25 33 i2
I S . YL980 0o 14 ] 18 34 £l
o b)iLliquid epoxy compound — — -
s A Component of (<) (¢6) | (24) [ (18) | 0.2 | __(0)
g = Total 51 | 59 | 61 | 67.2 53
O o2 P . N )
Q|  IMicrocapsule-type hardenin -
ol ‘_IlC_?Cprule ype hardening 3702 6 36 27 0.3
> 8 lerat - , . e -
_;;,; (c,acf:e era or_ X-379 (233 | (123 (9) (0.1)
58 (microcapsulies)
< pn z
3 {d)iInorganic particles SO-E1 68 ce 63 8 68
(e){Solvent 80 80 80 890 g0
Organic-solvent~soliublie polyimide content (parts by weight) 51 49 49 49 50
(with respect to 100 parts by weight of epoxy compound)
Microcapsule-type hardening accelerator content (parts by weight) 45 50 15 0.15 _
with respect to 100 parts by weight of epoxy compound)
inorganic particle content (wt$ 40 40 40 40 40
Ratio of inorganic particle (d} content to hardening accelerator particle (¢) 301 5.7| 7.6 680 B
content
] -
I Refore reliability test QO |1 OO 60O OO0 x
o
ﬂ,’a Just after preparation of adhesive Lfter reliability test (1000 cyclies) O O O O x
o G
° g Afer reliability tes:t (20060 cycles) O O X x x
R
@ - - R
Q8 Before reliability test QO I CO | 00| OO X
73]
| After storage of adhesive at 23° I RH s P «
5 5 After st ge o+ adnesive at 23°C and RH [0 . reliability test (1000 cycles) C O x x x
2 25% for 3 months
= Afer reliability test (2000 cycles) O e x x x
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[Table 10]

[Table 10])

Examples Comp.Ex.
33 34 5 36 37 27
(a)i0rganic-sclvent-soluble polyimide |Polyvimide A 26 27 29 30 33 47
g Solid epoxy compound 157570 5 13 21 25 33 1z
2l o) Diquid epoxy compound v1.980 0 0 14 | s | 34 i1
- {(b}Liquid e COMmPOou - =
g.i - poxy = Component of {c) (46) (40) (24 (18) | (0.2} (C)
g= Total 51 53 B 61 | 67.2 53
o & Microcapsule-type hardening o 60 ¢ 29 0.3
L on Haccelerator NG g . -
> 3 (c,ab?m_o.c or HX-3782 (23) (20) (12) (9) (9.1)
2w (microcapsules)
37 l{d)|Inorganic particles SO-BE1 43 &3 43 43 43 43
{e)|Solvent 60 60 50 60 &0 60
Organic-solvent-soluble polyimide content (parts by weight) 51 51 49 49 49 50
(with respect to 100 parts by weight of epoxy compound)
Microcapsule-type hardening accelerator content (parts by weight) a5 38 20 15 0.15 _
(with respect to 100 parts by weight of epoxy compound) ) - o
Inorganic particle content (wt¥d) 30 30 30 30 30 30
Ratio of inorganic particle (d) content to hardening accelerator particle (c) 1.9 o 2 3.5 s.8 430 B
content
T Before relisbility test (@]0)] @] O QO (o]e; x
i)
.| Just after preparation of adhesive |After reliability test (1000 cycles) O O O O O *
e
=
b 5 Afer reliability test {2000 cyclies) ] O O X x X
R
L Before reliability test e ool oo |l ool oo x
>0l afrer storage of adhesive at 23°C and
%0 2 he rer liabilityv = (1 } 1 X X x
2 RE 55% for 3 months After reliability test (1000 cycles) O O o]
A Afer reliability test (2000 cycles) x X x x x x

[0123]
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[Table 11]

[Table 11]

Examples Comp. Ex.
38 39 40 41 28
(a)jOrganic-solvent-soluble polyimide Polyimide A 26 29 30 33 47
5 Solid epoxy compound 157870 5 21 25 33 i2
el 7T 14 18 34 41
& oE e Y1,980 0 14 1 A1
-~ (b)Liguid epcxy compound - - -
2.2 - S il Component of € (46) | (24) | (is) | (0.2) (0)
g3 |rotal 51 59 61 67.2 53
oz Microcapsule-type hardening 69 36 27 0.3
9 e i ; 6 3 4 . N
& Jl{c)jaccelerator HX-3792 (23) (12) (9) (.1}
P i les) Ve Zi .
¢ crocapsules
E R ) ) S ~ e acA g
% [{d)}Inorganic particles SO~E1 350 350 350 350
&){Solvent 200 00 200 20 200
Crganic-solvent-soluble poliyimide content (parts by weight) 51 49 45 49 50
@ith respect to 100 parts by welght of epoxy compound)
Microcapsule-type hardening accelerator content (parts by welght) 45 20 15 0.15
3 . . ‘ L . -
§ith respect to 100 parts by weight of epoxy compound)
Inorganic particle content t$) /8 78 78 78 78
Ratio of inorganic particie {d) content to hardening accelerator particle (¢} 15 29 19 3500 a
content i i
s Befeore reliability test o0 00O 010 @) x
w o
© 8] Just after preparation of adhesive |After reliability test (000 cycles) O Q O O x
o
[ e )
33 Afer reliability test £000 cycles) O O x X x
«
>
Ty Before reliability test CO | OO | OO | OO X
%ol After storage of adhesive at 23C and T
5 R o After reliability test 1000 cycles) O O x % %
g2 RE 55% for 3 months
i x x x X x

Afer reliability test 000 cycles)

[0124]
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[Table 12]

{Table 12]

rganic-solvent-soluble polyimide content (parts by weight)

i
(with respect to 100 parts by weight of epoxy compound)

t3

Microcapsule-type hardening accelerator content (parts by weight)
(with respect to 100 parts by weight of epoxy compound)

Inorganic particle content (wt%)

Ratio of inorganic particle (d) content to hardening accelexator particle (<)
content

arative Examples
30 31 32
{a)iOrganic-solvent-soluble polyimide Polyimide A 29 30 33
5,\ Solid epoxy compound 157870 21 25 33
e 1 14 34
E‘E)HQ)L;quid epoxy compound zz;z:nsn: — (if) {iz) 32
5 *| [Total 59 61 2
: & Microcapsule-type hardening 36 27 )3
i_g(c)ac?eleratorq HX-3792 (12) (9) (0.1
i {microcapsules)
T {(d)|Inorganic particles SO-E1 35 35 5 35
(e)]Solvent 80 80 8C

w
=
=
w0

75
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Just after preparation of adhesive

of adhesive at 23°C and

Display test of
liguid crystal panel




[Table 13]

Comparative Examples
33 34 35 36 37 38
@ |{a}jOrganic-sclvent-soluble polyimide Polyimide A 26 27 29 30 33 33
g Solld epoxy compound 157870 5 13 21 25 31 33
~ . A Y, 0 0 14 18 3 34
= ((b)jLiguid epoxy compound L9869 - — = ey 3 -
S .. Component of (c) {46) (49) (24) (18} (2) {0.2)
5= Total 51 53 59 61 (59 67.
g 3, Microcapsule-type hardening accelerator H¥-3792 69 60 36 27 3 0.3
© 27| (microcapsules) (23) | (20) | (12 (3) (1) | (0.1}
Z
¢ [(d)jInorganic particles S0-E1 500 500 00 500 500 560
2 |(e){solvent 200 200 200 20 200 200
QOrganic—soclvent-soluble iyimide content arts by weight) _ .
e o Poy content (p J wesga) 51 51 45 49 50 49
(with respect to 100 parts by welght of epoxy compound)
icrocs ST et 3 1 some P + o eiant
th‘ojap§PLe type hérden+ng acue*@ratér content {parts by weight) 45 23 op 15 15 0.15
{with respect to 100 parts by weight of epoxy compound)
Inorganic particle content (wt%) 83 a3 83 83 83 83
Ratio of inorganic particle (d) content to hardening accelerator particle {c; content 22 25 42 56 500 5008
= Before reliability test x % x s x x
w =
] - N P . P N . N . ., - -
© o Just after preparation of adhesive After reliability test (1000C cycles) I x x x X *
- .
33 Afer reliability test (2000 cycles) x x x x x x
> abilis
& a Before reliability test % i x x b s
& ar ar f : -
fu| After storage of adhesive at 23°C and RH ot . N o
Nl cro £ After dlability test cles) x x d % x x
27 55% for 3 months fter reliab Yy te (1000 cycles
:." * X X X x X

Afer reliability test

(2000 cycles)
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[0126]

From the result of comparison between Examples 1 to 16
and Comparative Examples 1 to 12, it has been found that when
the hardening accelerator particle content does not lie within
the range specified in the present invention, it is difficult
to maintain connection reliability when processes where higher
durability is required, such as a moisture absorption-reflow
process and a thermal cycle process, are performed. Further,
it has been also found that when the hardening accelerator
particle content does not lie within the range specified in the
present invention, storage stabllity is poor and therefore
connection reliability cannot be obtained at all when the tape
roll is stored under conditions of 23°C and RH 55% for 3 months.
[0127]

From the results of Comparative Examples 13 to 16, it has
been found that when the inorganic particle content is lower
than its lower limit specified in the present invention, it is
difficult tomaintain connection reliability when the moisture
absorption-reflow process and the thermal cycle process are
performed. Further, from the results of Comparative Examples
17 to 20, it has been found that when the inorganic particle
content exceeds its upper limit specified in the present
invention, connection reliability cannot be obtained at all
when the moisture absorption-reflow process and the thermal

cycle process are performed.
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[0128]

It is to be noted that the adhesive compositions of
Comparative Examples 13 to 16 and 29 to 32 were foamed. 1In the
master rolls obtained by winding the adhesive composition
sheets of comparative Examples 17 to 20 and 33 to 38 into a roll
shape, cracking or chipping was partially observed in their
adhesive compositions.

[0129]

Examples 42 to 82 and Comparative Examples 39 to 76

Adhesive compositions for semiconductor were produced
and evaluated in the same manner as in Examples 1 to 41 and
Comparative Examples 1 to 38 except that the
organic-solvent-soluble polyimide A was changed to the
organic-solvent-soluble polyimide B. As a resuit, evaluation
results similar to those of the display test of liquid crystal
panels shown in Tables 1 to 13 were obtained.

01301

Examples 83 to 123 and Comparative Examples 77 to 114

Adhesive compositions for semiconductor were produced
and evaluated in the same manner as in Examples 1 to 41 and
Comparative Examples 1 to 38 except that the
organic-solvent-soluble polyimide A was changed to the
organic-solvent-soluble polyimide C. As a result, evaluation
results similar to those of the display test of liguid crystal

panels shown in Table 1 were obtained.
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[0131)

Examples 124 to 164 and Comparative Examples 115 to 152

Adhesive compositions for semiconductor were produced
and evaluated in the same manner as in Examples 1 to 41 and
Comparative Examples 1 to 38 except that the inorganicparticles
SO-El were changed to the inorganic particles SO-E2. As a
result, evaluation results similar to those of the display test
of liguid crystal panels shown in Tables 1 to 13 were obtained.
[0132]

Examples 165 to 205 and Comparative Examples 153 to 190

Adhesive compositions for semiconductor were produced
and evaluated in the same manner as in Examples 1 to 41 and
Comparative Examples 1 to 38 except that the inorganicparticles
SO~E1 were changed to the inorganic particles SO~E3. As a
result, evaluation results similar to those of the display test
of liquid crystal panels shown in Tables 1 to 13 were obtained.
[0133]

Examples 206 to 217 and Comparative Example 191

Adhesive composition varnishes of Examples 206 to 217 and
Comparative Example 191 were prepared by mixing their
components in compounding ratios shown in Table 14 and
dispersing the inorganic particles and the hardening
accelerator particles with the use of a ball mill.
[0134]

Each of the thus prepared adhesive composition varnishes
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having the composition ratios shown in Table 14 was applied onto
the treated surface of a 75 pm~thick polyethylene terephthalate
film (manufactured by Toray Advanced Film Co., Ltd. under the
trade name of “Cerapeel HP2(U)”, nonsilicone type, heavy
release grade) as a release base material with the use of a slit
die coater (coating machine), and was then dried at 80°C for
10 minutes to obtain an adhesive film for semiconductor. After
drying, on the adhesive film for semiconductor having a
thickness of 50 pm, a 38 pm-thick polyethylene terephthalate
film (manufactured by Otsuki Industrial Co., Ltd. under the
trade name of “SR-1", one-side release treated) was laminated
as another release base material, and the adhesive film for
semiconductor was wound around a paper core having an outer
diameter of 9.6 cm into a roll shape in such a manner that the
release base material Cerapeel HP2(U) was located inside to
obtain a master roll of the adhesive film having a thickness
of 50 pm. Then, the master roll was slit into a width of 7.5
mm with the use of a film slitter, and was then wound around
reels having an outer diameter of 5.0 cm into a roll shape in
such a manner that the release base material Cerapeel HP2(U)
was located inside to obtain a tape roll having the adhesive
composition whose both surfaces were covered with the release
base materials. The thus obtained tape roll was divided into
two groups depending on their storage conditions and evaluated.

One was subjected to the processes (2) to (4) just after
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production and the other was stored under conditions of 23°C

and RH 55% for 3 months and then subjected to the processes (2)
to (4). Then, (2) tape attachment process, (3) flip-chip
bonding and display test of liquid crystal panels, and (4)
display test of liquid crystal panels after connection
reliability test were performed in the same manner as in Example
1. The results are shown in Table 14.

[0135]
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[0136]
Examples 218 to 229 and Comparative Example 192
Adhesive compositions for semiconductor were prepared
and evaluated in the same manner as in Examples 206 to 217 and
Comparative Example 191 except that the organic solvent
soluble-polyimide D was changed to the organic-solvent-soluble

polyimide E. The evaluation results are shown in Table 15.

[0137]
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Takle 15}

Examples Comp . Ex.
218 219 220 221 222 223 224 22 226 227 228 229 192
(a)]Organic-solvent-soluble polyimijPolyimide E 25 25 23 25 25 25 20 20 25 25 25 25 35
Solid epoxy compound 157570 10 10 10 10 30 30 25 25 24 24 30 10 30
)| Liquid epoxy compound YLOS0 G 0 0 0 5 5 0 ¢ 0 8 5 G 39
B | pauLe Spony COmpOTt Component of (&) (33,3043, 301163 30 743.3) 126. 131 136. 1) | (30 | (300 | (34) | (30) |(26.711(43.30 _ —
: Total 53.3 ] 53.3} 53.3}53.3 61.7 81.7 55 55 58 58 61,7 | 53.3 &0
= 6> [3] €3 [-) )
2 HX-3792 (21.7)¢21.7) 2.7 {21.7] — - S T T . — lo1al =
03 . - . ) 3 b
= Microcapsule-type hardening 1 . - )
u 1 - 41 45 81 40
2 l{c)jacceleratox HXAIG41HP — — — - f1m n — e — 7 - , — -
% (microcapsules) 23.3) (15) (17 13.3)
= HXA3937HD 40 45 . 81 _
7 HXR3932HF I R R - T ojas.n ] T oLas (7) B
g Another hardening agent 2PZ — - - - - - - - s = = - 3
& GF-320 100
E SO-ES — 100 g — i — - — - — — o
¢ (d)}Inorganic particles SO-EL - — 100 — — — — e - — — — —
3 TEEEeTeE EERE SXOUSKIA — — 200 | 200 300 | 200 | 200 | 20C | 200 = = 100
MIBK-ST e — — - — — e - 333 -
IPA-5T-S — — e — R — e — — — - 392 -
(e)|Solvent 50 50 S0 50 33 33 33 33 33 33 0 0 80
Orgar;ic-—solvent—soLu{;le pOlle[‘\ide <l10j:1tent (parts by weight) o 47 47 47 41 o1 s 55 a3 43 a1 an sa
(with respect to 100 parts by weight of spoxy compound)
Microcapsule~type hardening accelerator content {parts by
welght) 41 41 41 43 22 22 24 24 29 29 22 25 -
(with respect to 100 parts by weight of epoxy compound)
Inorganic particle content {(wt%) 50 50 50 50 50 50 50 50 50 59 50 50 25
Ratio of lnorgan:d_: partlclg (a) bconteni: to hardening i.6 4.6 4.6 4.6 7.5 o 6.7 6.7 5.5 5 g 7.5 7.5 -
accelerator particle (c) content
. Before reliability test O @] O O O O O O O (@] O [} x
42
w
> ~ s . e
4 Just after preparation of After reliability test
g dhesive (1000 eyeies) ojo| oo} o o olo|lolo}] o}|o x
E Afer reliability test
wl - x
= (2000 cyeles) olojojol o clojlolo|lo}| oo
o Before reliabilityv test o) o) O 0O o) O o) o) 0] o) o) o) x
i
@
+ N : > o, . . .
After storage of adhesive at 23°C |After reliability test
‘>"_. and RH 55% for 3 months (100C¢ cycles) O O o & & o O O ) O O O *
:5 Afer reliability test
= (2000 cycles) O @] O O © Q O O O O O O *
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[0138]

Examples 230 to 241

Semiconductor devices were produced in the following
manner using the master rolls prepared in Examples 206 and 217,
respectively.

(0139]

(5) Process of Laminating Adhesive Film on Wafer with
Bumps

Bump electrodes were embedded in the adhesive composition
with the use of the adhesive film whose both surfaces were
covered with the release basematerials and a lamination machine
(manufactured by Takatori Corporation under the trade nane of
VTM~200M) .

{0140]

First, the release base material SR-1 was peeled off from
the master roll to expose the adhesive composition surface.
Then, the adhesive film was laminated at a temperature of 80°C
and a lamination speed of 20 mm/s on the bump electrode formation
surface of a semiconductor wafer (diameter: 200 mm, thickness:
625 um) with bump electrodes having an average height of 35 um
(448 bumps/chip, pitch: 60 upm, peripheral arrangement, gold
stud bumps) fixed onto a stage of the lamination machine. The
excess adhesive composition around the semiconductor wafer was
cut off by a cutter blade. 1In this way, a semiconductor wafer

whose bump electrodes were embedded in the adhesive covered with
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Cerapeel HP2(U) was obtained.
[01411

(6) Dicing Process

First, the semiconductor wafer obtained in the above (5)
was mounted on a tape frame and a dicing tape {(manufactured by
Lintec Corporation under the trade name of D~-650) by attaching
the dicing tape to the wafer substrate surface of the
semiconductor wafer opposite to the bump electrode formation
surface with the use of a wafer mounter (manufactured by
TECHNOVISION, INC. under the trade name of FM-114). Then, the
release base material Cerapeel HP2(U) was peeled off. Prior
todicing, visibility for alignment was evaluatedusing a dicing
machine. On the cuttingstage of adicingmachine (manufactured
by DISCO CORPORATION under the trade name of DAD-3350), the tape
frame was fixed so that the adhesive composition surface faced
upward, and alignment was performed using a CCD camera of the
dicing machine. A case where alignment marks could be detected
by the auto alignment function of the dicing machine was
evaluated as “o”, and a case where alignment marks could not
be detected was evaluated as “"x”. The evaluation results are
shown in Table 15 (Visibility for auto alignment).
[0142]

Then, dicing was performed under the following cutting
conditions.

Dicing machine: DAD-3350 (manufactured by DISCO
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CORPORATION)

Semiconductor chip size: 7.5 x 7.5 mm

Blade: NBC-ZH2030-27HCDE

Spindle rotational speed: 30,000 rpm

Dicing speed: 25 mn/s

Dicing depth: cut to a depth of 10 um in dicing tape

Cutting method: one-pass full cutting

Cutting mode: down cutting

Amount of water for dicing: 3.7 L/min

Water for dicing and cooling water: temperature 23°C,
electrical conductivity 0.5 MQ-cm (carbon dioxide gas was
injected into ultrapure water)

[0143]

In this way, semiconductor chips (7.3 mm square) with the
adhesive composition were obtained.
[0144]

The semiconductor chips with the adhesive composition
produced in the above (6) were flip-chip bonded to a circuit
board {gold pad electrodes, a glass epoxy substrate with a
circuit on which 300 7.5 mm~square semiconductor chips can be
mounted). The connection of the semiconductor chips with the
adhesive composition to the circuit board was performed by using
a flip-chip bonding machine (manufactured by Toray Engineering
Co., Ltd. under the trade name of FC-2000). The flip chip

bonding was performed by fixing the circuit board to a bonding
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stage heated to 80°C, temporarily pressure-bonding the

semiconductor chips under conditions of a temperature of 80°C
and a pressure of 15 N/chip (with gold stud bump electrodes
having an average height of 35 pum, 448 bumps/chip, pitch: &0

pm, peripheral arrangement, 7.5 mm-square chip) for 5 seconds,

and finally pressure-bonding the semiconductor chips under
conditions of a temperature of 200°C and a pressure of 200 N/chip
for 10 seconds. After the completion of bonding, the circuit
board was divided into circuit boards with a semiconductor by
a substrate cutting machine. Each of the circuit boards with
a semiconductor was incorporated into a liquid crystal
substrate to produce a liquid crystal panel, and the liquid
crystal panel was subjected to a display test and evaluated
according to the following criteria.

0: Images were displayed.

x: The display test could not be performed due to a failure
in detecting alignment marks in the dicing process or images
were not displayed due to poor connection between the chip and
the circuit board by £lip chip bonding. The evaluation results
are shown in Table 16.

[0145]
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[Table 16]

{Table 16]
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Examples
230 231 232 233 234 235 | 236} 237 {2381 238 | 24¢0
(a)|Organic-solvent-solunle Polyimide D 25 { 25 | 25 | 25 | 25 | 25 | 30} 30| 25} 2 5
polyimide
Solid epoxy compound 157570 10 L0 10 190 30 30 25 25 24 24 30
‘i-:: (b}l Licuid epoxy compound YL.98Q 0 0 0 0 5 5 0 0 0 G 5
R Component of (0) TT530123.90 143 (43 6. D26, 71 1300 | (301 | (347 | (34) [(26.7)
g Total 53.31 53.3153.3153.31€l.7(61l.7] 55 55 5 58 | 61.7
Py 65 65 65 65
L Y. _"’19" — — — — w—— —— —
« e (1.7} (21.7] (2.7 (21.7
" Microcapsule-type hardening ) 3 ﬂﬂ” 45 31 N .
2 |{cilaccelerator HXA3941HP - - - — {(13.31 — asyf T olant (1\3 >
E {microcapsules) ) 77 p o~ -
o (A2T30L — — — — — |n —_— : — " —_
2 HXA3G32HP \m?.3 (15) ()
[on
£ Another hardening agent 2PZ —— e - — — — — — - - -
o UF-320 100
2 SO-E5 — [ 1006 | — — - e e e
S VIR (o particl S0-E1 — - 100 — — — — | =1 =1 = o
E LG iNorganic particles SXOCOKJE - — — 200 200 200 200 200 200 200 —_
MIBK-ST J —_ — — — — — — — — 333
, TPA-ST-8 — — - . - - e e e -
(e)|Solvent 50 50 590 50 33 33 33 33 33 33 0
Orgfai:‘.ic—solvent—&soluble polyimide content (parts by weiqht) 47 47 47 17 41 i1 55 55 43 £3 i1
iwith respect to 100 parts by weight of epoxy compound}
Microca?sule-ty;:e hardening accelerator content (parts by weight) 41 41 21 41 25 20 24 54 29 79 27
(with respect to 1060 parts by weight of epoxry compound)
Inorganic particle content (wti) 50 50 50 50 50 50 50 50 50 | 50 50
£ ing ic ticle {d) ntent € ardeni - . =
Ratio of inorgani 'par ic e {d) content Lp hardening 4.6 ‘.6 46 s.6 7.5 7.5 67167 Is.9ls5.017.5
accelerator particle (c) content
Visibility for auto alignment x x x O O O O O O O O
Display test of liquid crystal panel x x % O G [ O { O O OJ G O
i




[0146]

Examples 242 to 253

Semiconductor devices were produced by mounting aluminum
radiator plates on the semiconductors of the circuit boards with
a semiconductor prepared in Examples 206 to 217 with the use
of the master rolls having the 50 um thick-adhesive composition
film prepared in Examples 206 to 217, respectively.

[0147]

First, the master roll was cut intoa 7.5 mm-sqguare piece,
and the release base material SR-1 was removed. The adhesive
composition film was placed on the circuit board with a
semiconductor in such a manner that the silicon surface of the
circult board with a semiconductor and the adhesive composition
surface were brought into contact with each other, and was then
pressure-bonded by a flat-plate pressing machine under
conditions of 60°C, 2 s, and 0.1 MPa. Then, the release base
material Cerapeel HP2(U) was peeled off to expose the adhesive
composition surface. Then, an aluminum radiator plate was
placed on the adhesive composition surface, and pressure-bonded
by a flat-plate pressing machine under conditions of 200°C, 10
s, and 0.1 MPa to obtain a semiconductor device with a radiator
plate. The obtained semiconductor device with a radiator plate
was left standing in a constant temperature and humidity chamber
under conditions of 85°C and RH 60% for 168 hours for moisture

absorption. Then, reflow soldering was performed under reflow
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conditions of 260°C for 5 seconds. Then, the circuit board with
a semiconductor was subjected to 2000 thermal cycles each
consisting of incubation at -40°C for 5 minutes and incubation
at 125°C for 5 minutes. Then, the semiconductor device with
a radiator plate was observed with an ultrasonic flaw detector
to determine whether separation occurred between the radiator
plate and the semiconductor chip. As a result, no separation
was observed.
[0148]

Examples 254 to 265

A circuit board with a semiconductor having three silicon
interposer layers (see Fig. 1) was produced using the circuit
board with no adhesive composition used in the above (2) tape
attachment process in Example 1, each of the 50 pum-thick
adhesive composition sheets prepared in Examples 206 to 217,
silicon interposers with TSV electrodes (silicon thickness: 50
prm, via diameter: 20 pm, copper through-via, solder-coated
electrodes), and the semiconductor chip used in the above (3)
flip chip bonding and display test of produced liquid crystal
panels in Example 1. The circuit board with a semiconductor
having three silicon interposers was incorporated into a liquid
crystal substrate to produce a liquid crystal panel, and the
liguid crystal panel was subjected to a display test. As a
result, it was confirmed that images were displayed without any

problem,
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INDUSTRIAL APPLICABILITY
[0149]

The adhesive composition according to the present
invention can be used as an adhesive for use in bonding of
electronic parts for use in personal computers or mobile
computers, bonding between a radiator plate and a printed
substrate or a flexible substrate, or bonding between
substrates. Further, the adhesive composition according to
the present invention is suitable for use as an adhesive
composition for semiconductor in bonding or direct electrical
connection of a semiconductor chip such as IC or LST to a circuit
board such as a flexible substrate, a glass epoxy substrate,

a glass substrate, or a ceramic substrate.

DESCRIPTION OF REFERENCE SIGNS

[0150]

1 Semiconductor

2 Stud bump

3 Adhesive composition

4 Silicon interposer with TSV electrodes
5 Copper through-via

6 Solder joint

7 Circult board

8 Gold pad electrode
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CLAIMS

1. An adhesive composition comprising:

an organic-solvent-soluble polyimide (a);

an epoxy compound (b);

hardening accelerator particles {c¢); and

inorganic particles {(d), wherein an
organic-solvent-soluble polyimide (a) content and a hardening
accelerator particle (c) content are 15 to 90 parts by weight
and 0.1 to 50 parts by weight, respectively, with respect to
100 parts by weight of the epoxy compound (b), the content
ratio of the inorganic particles (d) to the hardening
'accelerator particles (c) (i.e., (d)/l¢c)) is larger than 2.0
but 4,000 or less, and the inorganic particles (d}) have an
average particle size of 10 nm or more but 1 um or less, and
the inorganic particles (d) content is 30 wt% or more but 80

wt% or less with respect to a total amount of (a) to (d).

2. The adhesive composition according to claim 1, wherein
the hardening accelerator particles (c¢) is a microcapsule-

type hardening accelerator.

3. The adhesive composition according to claim 1 or 2,
wherein the organic-solvent-soluble polyimide (a) is a polymer

having a structural unit represented by the following general
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formula (2), a structure(s) represented by the following
general formula (3) and/or the following general formula (4)
at least one of ends of its main chain, and a structure

represented by the following general formula (1) as R®* in the
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general formula (Z) in an amount of 5 to 15 wt% with respect
to a total amount of the polymer, and wherein a hardening

accelerator particle (c) content is 20 to 50 parts by weight
with respect to 100 parts by weight of the epoxy compound (b):

[Chem. 1}

RZ R? R g2
S{\ 8f
-—-Rl% l\o}/ . RI—

wherein R' is a divalent hydrocarbon group, R? is a

(1)

monovalent hydrocarbon group, R's and R’s contained in one
molecule of the organic-solvent-soluble polyimide may be
different, R's and R?s contained in different molecules of the
organic-solvent-soluble polyimide may be different, and n is

an integer of 1 to 10;

[Chem. 2]
g
—N_ ORY ON—RA——
\9/ \9/ ;
O 6
o (2)

wherein R® is a 4- to l4-valent organic group, R! is a
2- to 12-valent organic group, at least one of R® and R® contains
at least one group selected from the group consisting of a

1,1,1,3,3,3,-hexafluoropropyl group, an isopropyl group, an
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ether group, a thicether group, and a SO, group, R° and R® are
each a grdup selected from the group consisting of a phenolic
hydroxyl group, a sulfonic acid group, and a thiol group, R’s,
R*s, R%s, and R% contained in one molecule of the
organic~solvent-scluble polyimide may be different, R’s, R’s,
R°s, and R®s contained in different molecules of the

organic-solvent-soluble polyimide may be different, a and P are

each an integer of 0 to 10, and a+f is an integer of 1 to 10;

[Chem. 3]

X—N

O (3)

wherein X 1s a monovalent organic group; and
[Chem. 4]
i

C
Y<C\N-——

1
O (4)

wherein Y 1s a divalent organic group.

4. The adhesive composition according to any one of claims
1 to 3, wherein the organic-solvent-soluble polyimide (a) is
a polymer having a structure represented by either of the

following general formula (5) or (6), at least one functional



group reactable with an epoxy group in its side chain, and a
structure represented by the general formula (1) as R* in the
general formulas (5) and (&) in an amount of 5 to 15 wt% with
respect to a total amount of the polymer:
[Chem. 5]

2 RZ RZ RZ

\/
%Sl }/
—R!
(1)

wherein R' is a divalent hydrocarbon group, R? is a
monovalent hydrocarbon group, R's and R’s contained in one
molecule of the organic-solvent-soluble polyimide may be
different, R's and R?’s contained in different molecules of the
organic-solvent-soluble polyimide may be different, and n is

an integer of 1 to 10; and

[Chem. 6]
il il
N VR J NH;
i H
0 0 n

(#)] (%),
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0 0 0 0
| .
Z N3N NN
SRR AR
R5 RG Rs
®, 0, Cm,

wherein R*® is a 4- to l4-valent organic group, R* is a 2-
to 12-valent organic group, at least one of R® and R* contains
at least one group selected from the group consisting of a
1,1,1,3,3,3,-hexafluoropropyl group, an isopropyl group, an
ether group, a thioether group, and a S0, group, R® and R°® are
each a group selected from the group consisting of a phenolic
hydroxyl group, a sulfonic acid group, and a thiol group, R’s,
R*s, R°s, and R°s contained in one molecule of the organic-
solvent-soluble polyimide may be different, R’s, R's, R°s, and
R°s contained in different molecules of the organic-solvent-
soluble polyimide may be different, X is a monovalent organic
group, m 1is 8 to 200, a and B are each an integer of 0 to 10,
and o+ is an integer of 0 to 10, and wherein o+p is 1 to 10
in 20 to 90% of repeating units whose number is represented by

m.
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5. The adhesive composition according to any one of
claims 1 to 4, wherein the inorganic particles (d) have an

average particle size of 10 nm or more but 100 nm or less.

6. The adhesive composition according to any one of

claims 1 to 5, wherein the inorganic particles are silica.

7. An adhesive sheet obtained by forming the adhesive
composition according to any one of claims 1 to 6 into a

sheet shape.

8. A hardened article of the adhesive compogition
according to any one of claims 1 to 6 or of the adhesive

sheet according to claim 7.
9. A circuit board comprising a semiconductor chip bonded

thereto using the adhesive composition according to any one of

claims 1 to 6 or the adhesive sheet according to claim 7.
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10. A method for producing a circuit board comprising a
semiconductor chip mounted thereon, the method comprising:
interposing the adhesive composition according to any one
of claims 1 to 6 or the adhesive sheet according to claim 7
between a gemiconductor chip and a circuit board; and
electrically connecting the semiconductor chip and the
circuilt board to each other through application of heat and

Pressgure.

11. A semiconductor device having a hardened article of
the adhesive composition according to any one of claims 1
to 6 or a hardened article of the adhesive sheet according

to claim 7.

12. A method for producing a semiconductor device, the
method comprising: interposing the adhesive composition
according to any one of claims 1 to 6 or the adhesive sheet
according to claim 7 between a first circuit member and a
second circuit member; and electrically connecting the
first circuit member and the second circuit member to each

other through application of heat and pressure.
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