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(57) ABSTRACT 
The present invention provides an adhesive composition 
which comprises (a) an epoxy resin, (b) a curing agent and 
(c) a polymer compound incompatible with Said epoxy resin, 
and further optionally comprises (d) a filler and/or (e) a 
curing accelerator, 

a proceSS for producing an adhesive composition, com 
prising: mixing (a) the epoxy resin and (b) the curing 
agent with (d) the filler, followed by mixing the 
resultant mixture with (c) the polymer compound 
incompatible with the epoxy resin; 

an adhesive film comprising the above-mentioned 
adhesive composition formed into a film; 

a Substrate for mounting Semiconductor comprising a 
wiring board and the above-mentioned adhesive film 
disposed thereon on its Side where chips are to be 
mounted; and 

a Semiconductor device which comprises the above 
mentioned adhesive film or the Substrate for mount 
ing Semiconductor. 
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ADHESIVE COMPOSITION, PROCESS FOR 
PRODUCING THE SAME, ADHESIVE FILM MADE 

WITH THE SAME, SUBSTRATE FOR 
SEMICONDUCTOR MOUNTING, AND 

SEMCONDUCTOR DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to an adhesive com 
position and a process for producing the same, an adhesive 
film using the adhesive composition, a Substrate for mount 
ing Semiconductor and a Semiconductor device. More Spe 
cifically, it relates to an adhesive composition which can 
form an adhesive film that has enough heat resistance and 
moisture resistance required for mounting Semiconductor 
elements having a large coefficient of thermal expansion on 
a Substrate for mounting Semiconductor, and can Suppress an 
amount of Volatilization at the time of use, a process for 
producing the same, an adhesive film using the adhesive 
composition, a Substrate for mounting Semiconductor, and a 
Semiconductor device. 

BACKGROUND ART 

0002. In recent years, the mounting density of electronic 
parts has been increased in accordance with the progreSS of 
electronic apparatuses, and new type of mounting methods, 
e.g., a method of mounting a Semiconductor package having 
almost the same size to the size of a Semiconductor chip, or 
mounting a bare chip, called chip Scale package or chip size 
package (hereinafter, simply referred to as “CSP”), are being 
employed. 

0003. One of the most important characteristics for a 
mounted board having mounted thereon various electronic 
parts including a Semiconductor element is reliability. In the 
reliability, interconnection reliability against thermal fatigue 
is directly responsible for the reliability of an apparatus 
using the mounted board and is therefore a very important 
SS.C. 

0004 One of the causes of lowering the interconnection 
reliability is a thermal StreSS due to the use of various 
materials having different coefficients of thermal expansion. 
Since the Semiconductor element has a coefficient of thermal 
expansion as Small as about 4 ppm/°C., whereas the wiring 
board on which electronic parts are mounted has a coeffi 
cient of thermal expansion as high as 15 ppm/°C. or more, 
a thermal Strain is caused upon a thermal impact, which in 
turn generates a thermal StreSS. 
0005. A substrate having mounted thereon a semiconduc 
tor package having a conventional lead frame Such as QFP 
and SOP, has kept reliability by absorbing a thermal stress 
at a portion of the lead frame. 
0006. However, in the bare chip mounting, a method of 
connecting an electrode of the Semiconductor chip to a 
wiring board pad of the wiring board using a Solder ball or 
a method of connecting by preparing a Small projection 
called bump and using a conductive paste is employed. 
Therefore, a thermal StreSS is concentrated on this connect 
ing portion thereby lowering the interconnection reliability. 
It has been known that introduction of a resin called underfil 
between the Semiconductor element and the wiring board is 
effective for dispersing the thermal stress. However, the 
number of Steps for mounting is increased, elevating the 

Apr. 10, 2003 

cost. On the other hand, there is a method of connecting an 
electrode of the Semiconductor element to a wiring pad of 
the wiring board using conventional wire bonding, however, 
in this method, the board must be coated with a resin for 
encapsulation for protecting the wire, thus increasing the 
number of Steps for mounting. 
0007 CSP can be mounted together with other electronic 
parts, and ones having various structures have been pro 
posed as shown in Table 1 appearing at page 5 of “Future of 
CSP (fine pitch BGA) put into practical use”, the article of 
Surface Mounting Technology, March, 1997, published by 
Nikkan Kogyo Shimbun Ltd. Especially a method using a 
tape and a carrier Substrate in a wiring board called inter 
poser is being put into practical use. This includes Systems 
shown in the above table that Tessera, Inc. and Texas 
Instruments Inc. are developing. In these Systems, a Semi 
conductor device is mounted through a wiring board called 
interposer, and hence excellent interconnection reliability is 
exhibited as reported in Shingaku Technical Report CPM96 
121, ICD96-160 (1996-12) “Development of Tape BGA size 
CSP”, and Sharp Technical Journal, No. 66 (1996-12) 
“Development of Chip Size Package”. 

0008 Between the semiconductor element of CSP and 
the wiring board called interposer, an adhesive film is 
preferably used which lowers the thermal stress caused by 
the difference in coefficient of thermal expansion between 
the Semiconductor device and the wiring board. In addition, 
the adhesive film is also required to have moisture resistance 
and endurance at high temperatures. Further, from the View 
point of facilitating control of the production process, the 
adhesive film is desired to be of a film type. 
0009. An adhesive of a film type is used in flexible 
printed circuit boards, and those comprised mainly of an 
acrylonitrile-butadiene rubber are frequently used. 
0010 AS printed circuit board materials for improving a 
moisture resistance, Japanese Provisional Patent Publication 
No. 243180/1985 discloses an adhesive comprising an 
acrylic resin, an epoxy resin, polyisocyanate, and an inor 
ganic filler, and Japanese Provisional Patent Publication No. 
138680/1986 discloses an adhesive comprising an acrylic 
resin, an epoxy resin, a compound having a urethane bond 
in the molecule and having primary amine at both terminals 
thereof and an inorganic filler. 
0011) A number of adhesives of a film type comprised 
mainly of an acrylonitrile-butadiene rubber are used. How 
ever, the adhesives have disadvantages in that the adhesive 
force is significantly lowered after treated at high tempera 
tures for a long time and that a resistance to electrolytic 
corrosion is poor. The adhesives Suffer marked deterioration 
especially in the moisture resistance test under Severe con 
ditions in, e.g., a pressure cooker test (PCT) treatment, 
which is used for the reliability evaluation of semiconductor 
relating parts. 

0012. The adhesive disclosed in each of Japanese Provi 
Sional Patent Publications No. 243180/1985 and No. 
138680/1986 suffers marked deterioration when subjected to 
moisture resistance test under Severe conditions in a PCT 
treatment. 

0013 The above adhesive cannot be used as a printed 
circuit board relating material in the mounting process of a 
Semiconductor element on a wiring board, because the 
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difference in coefficient of thermal expansion between the 
Semiconductor element and the wiring board called inter 
poser is large, thereby generating a crack during reflow. In 
addition, the adhesive cannot be used, Since it SufferS marked 
deterioration when Subjected to moisture resistance test 
under severe conditions in the temperature cycle test or PCT 
treatment. 

0.014. The present inventors have found that, as described 
in Japanese Provisional Patent Publication No. 2000 
154361, by reducing the elastic modulus of the adhesive film 
around room temperature, the thermal StreSS caused in the 
heating-cooling cycle due to the difference in coefficient of 
thermal expansion between the Semiconductor chip and the 
wiring board can be lowered, So that no crack is caused 
during reflow and no damage is observed after temperature 
cycle test, thus giving the adhesive film excellent in heat 
resistance. 

0.015 However, when demands on heat resistance and 
resistance to reflow crack become Severer in future, it is 
necessary that higher level of heat resistance and moisture 
resistance be imparted to the adhesive film by increasing the 
peel Strength at high temperatures and elastic modulus at 
high temperatures. Further, it is necessary to make an 
amount of volatilization from the adhesive a less level. 
When the amount of volatilization is at a certain level or 
higher, peripheral apparatuses are possibly contaminated 
during the process of operation. 

0016. An object of the present invention is to provide an 
adhesive composition which can form an adhesive film that 
has enough heat resistance and moisture resistance required 
for mounting Semiconductor elements having a large coef 
ficient of thermal expansion on a Substrate for mounting 
Semiconductor, and that can Suppress an amount of Volatil 
ization at the time of use, a process for producing the same, 
an adhesive film using the adhesive composition, a Substrate 
for mounting Semiconductor, and a Semiconductor device. 

DISCLOSURE OF THE INVENTION 

0.017. The adhesive composition of the present invention 
is characterized in that it comprises (a) an epoxy resin, (b) 
a curing agent, and (c) a polymer compound incompatible 
with the epoxy resin, and further comprises (d) a filler and/or 
(e) a curing accelerator, as necessary. 
0.018. In addition, the adhesive composition of the 
present invention is characterized in that it is separated into 
two phases after being cured as viewed in the cross-section 
thereof. 

0.019 Further, the adhesive composition of the present 
invention is characterized in that it gives a cured product 
having a storage elastic modulus at 240° C. of 1 to 20 MPa. 
0020) Further, the adhesive composition of the present 
invention is characterized in that it has pores having an 
average diameter of 0.01 um to 2 um after being cured, 
wherein the Volume percentage of the pores in the compo 
sition cured is 0.1 to 20% by volume. 
0021. The process for producing an adhesive composi 
tion of the present invention is characterized in that it 
comprises mixing (a) an epoxy resin with (b) a curing agent 
and (d) a filler, and then, mixing the resultant mixture with 
(c) a polymer compound incompatible with the epoxy resin. 
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0022. The adhesive film of the present invention is char 
acterized in that it is obtained by forming the above adhesive 
composition into a film. 
0023 The adhesive film of the present invention is char 
acterized in that it comprises a laminated cured product of an 
adhesive composition and a polyimide film, wherein, when 
the laminated cured product is Subjected to moisture absorp 
tion treatment followed by heat treatment at 260° C. for 120 
Seconds, the resultant laminated cured product does not 
Suffer peeling with a diameter of 2 mm or more. 
0024. In addition, the adhesive film of the present inven 
tion is characterized in that it has pores having an average 
diameter of 0.01 um to 2 um after being cured, wherein the 
Volume percentage of the pores in the adhesive film is 0.1 to 
20% by volume. 
0025) Further, the adhesive film of the present invention 
is characterized in that it is Separated into two phases after 
being cured as viewed in the cross-section thereof. 
0026 Further, the adhesive film of the present invention 
is characterized in that it exhibits lowering in flow amount 
after 72 hours at 60° C. of 50% or less. 

0027. The adhesive film having a support of the present 
invention is characterized in that it comprises the above 
adhesive film(s) laminated directly or mediated by another 
layer, on one Surface or both Surfaces of the Support layer. 
0028. Further, the adhesive film having a support of the 
present invention is characterized in that it further com 
prises, on one Surface or both Surfaces thereof, a layer or 
layerS for protecting the adhesive layer. 
0029. The Substrate for mounting semiconductor of the 
present invention is characterized in that it comprises a 
wiring board and the above adhesive film disposed on a 
chip-mounting Surface thereof. 
0030 The semiconductor device of the present invention 
is characterized in that it uses the above adhesive film or 
Substrate for mounting Semiconductor. 

BRIEF DESCRIPTION OF THE DRAWING 

0031 FIG. 1 is a view showing a semiconductor device 
of the present invention. In the drawing, reference numeral 
1 denotes a Semiconductor chip, 2 denotes an adhesive film, 
3 denotes a wiring board, 4 denotes an encapsulating mate 
rial 5 denotes a beam lead, and 6 denotes a solder ball. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0032 Hereinbelow, the present invention will be 
described in more detail. 

0033 (a) The epoxy resin to be used in the present 
invention is not particularly limited as long as it is cured to 
exhibit an adhesive action. An epoxy resin having two or 
more functional groups and preferably having a molecular 
weight of less than 5,000, more preferably less than 3,000 
can be used. For example, bifunctional epoxy resins Such as 
a bisphenol A type epoxy resin and a bisphenol F type epoxy 
resin, and novolak epoxy resins Such as a phenolic novolak 
type epoxy resin and a creSol novolak type epoxy resin, can 
be used. In addition, generally known polyfunctional epoxy 
resins and heterocycle-containing epoxy resins can be used. 
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0034. As these epoxy resins which are commercially 
available, for example, bisphenol A type epoxy resins Such 
as EPIKOTE 807, EPIKOTE 815, EPIKOTE 825, 
EPIKOTE 827, EPIKOTE 828, EPIKOTE 834, EPIKOTE 
1001, EPIKOTE 1002, EPIKOTE 1003, EPIKOTE 1055, 
EPIKOTE 1004, EPIKOTE 1004AF, EPIKOTE 1007, 
EPIKOTE 1009, EPIKOTE 1003F and EPIKOTE 1004F 
(manufactured by Japan Epoxy Resins Co., Ltd., trade 
name), DER-330, DER-301, DER-361, DER-661, DER 
662, DER-663U, DER-664, DER-DER-664U, DER-667, 
DER-642U, DER-672U, DER-673MF, DER-668 and DER 
669 (they are manufactured by Dow Chemical Company, 
trade name), YD8125 and YDF8170 (manufactured by 
Tohto Kasei Co., Ltd., trade name); bisphenol F type epoxy 
resins such as YDF-2004 (manufactured by Tohto Kasei Co., 
Ltd., trade name); phenolic novolak type epoxy resins Such 
as EPIKOTE 152 and EPIKOTE 154 (manufactured by 
Japan Epoxy Resins Co., Ltd., trade name), EPPN-201 
(manufactured by Nippon Kayaku Co., Ltd., trade name) 
and DEN-438 (manufactured by Dow Chemical Company, 
trade name); cresol novolak type epoxy resins Such as 
EPIKOTE 180S65 (manufactured by Japan Epoxy Resins 
Co., Ltd., trade name), Araldite ECN1273, Araldite 
ECN1280 and Araldite ECN1299 (manufactured by Ciba 
Specialty Chemicals Inc., trade name), YDCN-701, YDCN 
702, YDCN-703 and YDCN-704 (manufactured by Tohto 
Kasei Co., Ltd., trade name), EOCN-102S, EOCN-103S, 
EOCN-104S, EOCN-1012, EOCN-1020, EOCN-1025 and 
EOCN-1027 (manufactured by Nippon Kayaku Co., Ltd., 
trade name), ESCN-195X, ESCN-200L and ESCN-220 
(manufactured by Sumitomo Chemical CO., Ltd., trade 
name); polyfunctional epoxy resins such as EPON 1031S, 
EPIKOTE 1032H60 and EPIKOTE 157S70 (manufactured 
by Japan Epoxy Resins Co., Ltd., trade name), Araldite 0163 
(manufactured by Ciba Specialty Chemicals Inc., trade 
name), Denacol EX-611, Denacol EX-614, Denacol 
EX-614B, Denacol EX-622, Denacol EX-512, Denacol 
EX-521, Denacol EX-421, Denacol EX-411 and Denacol 
EX-321 (manufactured by Nagase Chemicals Ltd., trade 
name), EPPN501H and EPPN502H (manufactured by Nip 
pon Kayaku Co., Ltd., trade name); amine type epoxy resins 
such as EPIKOTE 604 (manufactured by Japan Epoxy 
Resins Co., Ltd., trade name), YH-434 (manufactured by 
Tohto Kasei Co., Ltd., trade name), TETRAD-X and TET. 
RAD-C (manufactured by Mitsubishi Gas Chemical Com 
pany, Inc., trade name) and ELM-120 (manufactured by 
Sumitomo Chemical Co., Ltd., trade name); heterocycle 
containing epoxy resins Such as Araldite PT810 (manufac 
tured by Ciba Specialty Chemicals Inc., trade name); and 
alicyclic epoxy resins such as ERL4234, ERL4299, 
ERL4221 and ERL4206 (manufactured by Union Carbide 
Corporation, trade name) can be used, and one kind or two 
or more kinds of them can be also used in combination. 

0035) In the present invention, in terms of heat resistance, 
an epoxy resin being in a Solid State at room temperature and 
having a Softening point of 50° C. or more as measured by 
a ring and ball method is preferably used in an amount of 
20% by weight or more, more preferably 40% by weight or 
more, further preferably 60% by weight or more, based on 
the total weight of the epoxy resins used. Examples of Such 
epoxy resins include a bisphenol A type epoxy resin, a 
bisphenol F type epoxy resin, a bisphenol S type epoxy 
resin, an alicyclic type epoxy resin, an aliphatic linear epoxy 
resin, a phenolic novolak type epoxy resin, a creSol novolak 
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type epoxy resin, a bisphenol A novolak type epoxy resin, 
diglycidyl ether compounds of a biphenol, diglycidyl ether 
compounds of a naphthalenediol, diglycidyl ether com 
pounds of a phenol, diglycidyl ether compounds of an 
alcohol, and alkyl-Substituted compounds, halides, and 
hydrogenation products thereof. These may be used in 
combination, and may contain an ingredient other than the 
epoxy resins as an impurity. 

0036. It is preferred to use an epoxy resin having a large 
molecular weight and having a Softening point of 50 C. or 
more and a rubber in combination wherein the difference in 
polarity between the epoxy resin and the rubber is large 
Since these are difficultly compatible to each other. 

0037. It is necessary that the epoxy resin be incompatible 
with the polymer compound, however, when two or more 
epoxy resins are used in combination as the epoxy resin, if 
the mixture of the epoxy resins is incompatible with the 
polymer compound, each of the epoxy resins is not neces 
Sarily incompatible with the polymer compound. For 
example, when epoxy resin YDCN703, which is solely 
incompatible with the polymer compound and which has a 
Softening point of 50° C. or more, and epoxy resin 
EPIKOTE 828, which is compatible by itself with the 
polymer compound and which has a Softening point of leSS 
than 50 C., are used in combination, a mixture of these 
epoxy resins in a weight ratio of 1:0 to 1:10 is incompatible 
with the polymer compound. 

0038 (d) The curing agent to be used in the present 
invention is not particularly limited as long as it can cure an 
epoxy resin. Examples of Such curing agents include poly 
functional phenols, amines, imidazole compounds, acid 
anhydrides, organophosphorus compounds, and halides 
thereof, polyamide, polysulfide, and boron trifluoride. 

0039 Examples of polyfunctional phenols include mono 
cyclic bifunctional phenols Such as hydroquinone, resorci 
nol, and catechol; polycyclic bifunctional phenols Such as 
bisphenol A, bisphenol F., bisphenol S, a naphthalenediol, 
and a biphenol; and halides and alkyl-Substituted com 
pounds thereof. Further, examples include phenolic resins 
which are polycondensation products of the above phenols 
and aldehydes Such as a phenolic novolak resin, a resol resin, 
a bisphenol A novolak resin, and a creSol novolak resin. 

0040 Examples of preferable phenolic resin curing 
agents that are commercially available include, for example, 
PHENOLITE LF2882, PHENOLITE LF2822, PHENO 
LITE TD-2090, PHENOLITE TD-2149, PHENOLITE 
VH4150, and PHENOLITE VH4170, (manufactured by 
Dainippon Ink & Chemicals, Inc., trade names). 

0041. In the present invention, it is preferred to use a 
phenolic resin having a hydroxyl equivalent of 150 g/eq or 
more. The above phenolic resin is not particularly limited as 
long as it has the above-mentioned hydroxyl equivalent 
value, and novolak type or resol type resins are preferably 
used because they have excellent electrolytic corrosion 
resistance when absorbing moisture. 
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0.042 AS specific examples of phenolic resins mentioned 
above, there can be mentioned, for example, phenolic resins 
represented by the following general formula (I): 

(I) 

OH OH OH 

21) ?.1). es 21), 21 C co-3-O-g 
(R) (R'), (R) 

0043 wherein R' each may be the same or different 
from each other and represents a hydrogen atom, a 
Straight or branched alkyl group having 1 to 10 
carbon atoms, a cyclic alkyl group, an aralkyl group, 
an alkenyl group, a hydroxyl group, an aryl group or 
a halogen atom; n represents an integer of 1 to 3; and 
m represents an integer of 0 to 50. 

0044) The phenolic resin is not particularly limited as 
long as it corresponds to formula (I), and, from the view 
point of obtaining excellent moisture resistance, it is pre 
ferred that the phenolic resin exhibits a water absorption of 
2% by weight or less after being placed in a thermo-humidi 
static chamber at 85°C. at a relative humidity (RH) of 85% 
for 48 hours. Further, it is preferred to use a phenolic resin 
which exhibits a weight loss by heating at 350° C. (tem 
perature elevation rate: 5 C./min; atmosphere: nitrogen gas) 
of less than 5% by weight as measured by a thermo 
gravimetric analyzer (TGA) because an amount of the 
Volatilized components is Suppressed during heating and 
processing, thereby improving the reliability of various 
properties Such as a heat resistance and a moisture resis 
tance, and contamination of the peripheral apparatuses due 
to the Volatile components during operations including heat 
ing and processing can be reduced. 
004.5 The phenolic resin represented by formula (I) in the 
present invention can be obtained by, for example, reacting 
a phenolic compound with a Xylylene compound comprised 
of divalent linking groups in the absence or presence of an 
acid catalyst. 
0.046 Examples of the above-mentioned phenolic resins 
include, for example, Milex XLC-series and Milex XL series 
(manufactured by Mitsui Chemicals, Inc., trade names). 
0047 AS formulation amounts when the above-men 
tioned phenolic resin and the epoxy resin are used in 
combination, the equivalents ratio of the epoxy equivalent to 
the hydroxyl equivalent is preferably 0.70:0.30 to 0.30:0.70, 
more preferably 0.65:0.35 to 0.35:0.65, further preferably 
0.60:0.30 to 0.30:0.60, especially preferably 0.55:0.45 to 
0.45:0.55. When the ratio falls outside of the above range, 
the resultant adhesive possibly has poor curing properties. 
0.048. The phenolic compounds used for production of 
the phenolic resin of the formula (I) can be exemplified by 
phenol, o-creSol, m-creSol, p-creSol, O-ethylphenol, p-eth 
ylphenol, o-n-propylphenol, m-n-propylphenol, p-n-propy 
lphenol, O-isopropylphenol, m-isopropylphenol, p-isopropy 
lphenol, o-n-butylphenol, m-n-butylphenol, p-n- 
butylphenol, O-isobutylphenol, m-isobutylphenol, p-iso 
butylphenol, octylphenol, nonylphenol, 2,4-Xylenol, 2,6- 

Apr. 10, 2003 

Xylenol, 3.5-Xylenol, 2,4,6-trimethylphenol, resorcin, 
catechol, hydroquinone, 4-methoxyphenol, o-phenylphenol, 
m-phenylphenol, p-phenylphenol, p-cyclohexylphenol, 
o-allyl-phenol, p-allylphenol, O-benzylphenol, p-benzylphe 
nol, o-chlorophenol, p-chlorophenol, o-bromophenol, p-bro 
mophenol, o-iodophenol, p-iodophenol, o-fluorophenol, 
m-fluorophenol, p-fluorophenol, etc. These phenolic com 
pounds may be used Singly or by mixing two or more kinds 
thereof. Phenol, o-creSol, m-creSol, p-creSol, etc. are par 
ticularly preferred. 

0049. As the xylylene compound which is a divalent 
linking group to be used for production of the phenolic resin 
of the formula (I), the following xylylene dihalides, xylylene 
glycols and their derivatives can be used. That is, there may 
be mentioned C.C.'-dichloro-p-Xylene, C.C.'-dichloro-m-Xy 
lene, C.C.'-dichloro-O-Xylene, C.C.'-dibromo-p-Xylene, C.C.'- 
dibromo-m-Xylene, C.C.'-dibromo-O-Xylene, C.C.'-diiodo-p- 
Xylene, C.C.'-diiodo-m-Xylene, C.C.'-diiodo-O-Xylene, C.C.'- 
dihydroxy-p-Xylene, C.C.'-dihydroxy-m-Xylene, C.C.'- 
dihydr-oxy-o-Xylene, C.C.'-dimethoxy-p-Xylene, C.C.'- 
dimethoxy-m-Xylene, C.C.'-dimethoxy-O-Xylene, C.C.'- 
diethoxy-p-Xylene, C.C.'-diethoxy-m-Xylene, C.C.'-diethoxy 
o-Xylene, C.C.'-di-n-propoxy-p-Xylene, C.C.'-n-propoxy-m- 
Xylene, C.C.'-di-n-propoxy-O-Xylene, C.C.'-di-isopropoxy-p- 
Xylene, C.C.'-diisopropoxy-m-Xylene, C.C.'-diisopropoxy-o- 
Xylene, C.C.'-di-n-butoxy-p-Xylene, C.C.'-di-n-butoxy-m- 
Xylene, C.C.'-di-n-butoxy-O-Xylene, C.C.'-diisobutoxy-p- 
Xylene, C.C.'-diisobutoxy-m-Xylene, C.C.'-diisobutoxy-o- 
Xylene, C.C.'-di-tert-butoxy-p-Xylene, C.C.'-di-tert-butoxy-m- 
Xylene and C.C.'-di-tert-butoxy-O-Xylene. These compounds 
can be used singly or two or more kinds thereof can be used 
as a mixture. Of these, particularly preferred are C.C.'- 
dichloro-p-Xylene, C.C.'-dichloro-m-Xylene, C.C.'-dichloro 
o-Xylene, C.C.'-di-hydroxy-p-Xylene, C.C.'-dihydroxy-m-Xy 
lene, C.C.'-dihydroxy-O-Xylene, C.C.'-dimethoxy-p-Xylene, 
C.C.'-dimethoxy-m-Xylene and C.C.'-dimethoxy-O-Xylene. 

0050. When the above-mentioned phenolic compound 
and the Xylylene compound are to be reacted, the reaction is 
carried out by using an acid catalyst, e.g., a mineral acid 
Such as hydrochloric acid, Sulfuric acid, phosphoric acid, 
polyphosphoric acid, etc.; an organic carboxylic acid Such as 
dimethyl Sulfate, diethyl Sulfate, p-toluenesulfonic acid, 
methaneSulfonic acid, ethaneSulfonic acid, etc.; a Super 
Strong acid Such as trifluoromethaneSulfonic acid, etc., a 
Strong acid ion-exchange resin Such as an alkaneSulfonic 
acid ion-exchange resin; a SuperStrong acid ion-exchange 
resins Such as a perfluoroalkaneSulfonic acid ion-exchange 
resin (trade name: Nafion; manufactured by Du Pont Com 
pany); natural or Synthetic zeolite; or activated clay (acid 
clay), etc. So that the xylylene compound as a raw material 
substantially disappears at 50 to 250 C. and the composition 
of the reaction product becomes constant. The reaction time 
varies depending on the raw material and the reaction 
temperature, and it is generally about 1 to 15 hours, and may 
be actually determined while tracing the composition of the 
reaction product by GPC (gel permeation chromatography), 
etc. When a halogenoxylene derivative Such as C.C.'- 
dichloro-p-Xylene is exceptionally used, the reaction pro 
ceeds in the absence of a catalyst while generating the 
corresponding hydrogen halide gas. Therefore, in Such a 
case, no acid catalyst is needed. In other cases, the reaction 
proceeds in the presence of an acid catalyst to generate water 
or alcohol, correspondingly. With respect to the molar ratio 
of the phenolic compound and the Xylylene compound in the 
reaction, generally, the phenolic compound is used in an 
exceSS amount, and, after completion of the reaction, the 
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unreacted phenolic compound is recovered. In this case, the 
average molecular weight of the phenolic resin depends on 
the amount of the phenolic compound used, and the larger 
the amount of the phenolic compound, the lower the average 
molecular weight of the phenolic resin obtained. A phenolic 
resin with the phenolic compound portion being an allylphe 
nol can be obtained by, for example, a method in which a 
phenolic resin which is not allylated is prepared, and then, 
allylation is carried out by reacting it with an allyl halide to 
form an allyl ether, followed by Claisen conversion. 

0051 Examples of amines include aliphatic or aromatic 
primary amines, Secondary amines, tertiary amines, quarter 
nary ammonium Salts, alicyclic amines, guanidines, urea 
derivatives, etc. 

0.052 As an example of these compounds, there may be 
mentioned by N,N-benzyldimethylamine, 2-(dimethylami 
nomethyl)-phenol, 2,4,6-tris(dimethylaminomethyl)phenol, 
tetramethyl-guanidine, triethanolamine, N,N'-dimethylpip 
eradine, 1,4-diazabicyclo2.2.2]octane, 1,8-diazabicyclo 
5.4.0-7-undecene, 1,5-diazabicyclo4.4.0)-5-nonene, hex 
amethylenetetramine, pyridine, picoline, piperidine, 
pyrrolidine, dimethylcyclohexylamine, dimethylhexy 
lamine, cyclohexylamine, diisobutylamine, di-n-buty 
lamine, diphenylamine, N-methylaniline, tri-n-propylamine, 
tri-n-octylamine, tri-n-butylamine, triphenylamine, tetram 
ethylammonium chloride, tetramethylammonium bromide, 
tetramethylammonium iodide, triethylenetetramine, diami 
nodiphenylmethane, diaminodiphenyl ether, dicyanedia 
mide, tolylbiguamide, guanylurea, dimethylurea, etc. 

0.053 Examples of imidazole compound include imida 
Zole, 2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-meth 
ylimidazole, 2-phenylimidazole, 2-undecylimidazole, 
1-benzyl-2-methylimidazole, 2-heptadecylimidazole, 4,5- 
diphenylimidazole, 2-methylimidazoline, 2-phenylimidazo 
line, 2-undecylimidazoline, 2-heptadecylimidazoline, 2-iso 
propylimidazole, 2,4-dimethylimidazole, 2-phenyl-4- 
methylimidazole, 2-ethylimidazoline, 2-phenyl-4- 
methylimidazoline, benzimidazole, 1-cyanoethylimidazole, 
etc. 

0.054 Examples of anhydrides include phthalic anhy 
dride, hexahydrophthalic anhydride, pyromellitic dianhy 
dride, benzophenonetetracarboxylic dianhydride, etc. 

0.055 As the organophosphorus compound, there is no 
particular limitation as long as it is a phosphorus compound 
having an organic group, and examples include hexameth 
ylphosphoric triamide, tri(dichloropropyl) phosphate, 
tri(chloropropyl) phosphate, triphenyl phosphite, trimethyl 
phosphate, phenylphosphonic acid, triphenylphosphine, tri 
n-butylphosphine, diphenylphosphine, etc. 

0056. These curing agents can be used independently or 
in combination. 

0057 The formulation amount of these curing agents is 
not particularly limited as long as the curing agent can 
proceed the curing reaction of the epoxy group, but the 
curing agent is preferably used in an amount of 0.01 to 5.0 
equivalents, especially preferably 0.8 to 1.2 equivalent, 
based on 1 mol of the epoxy group. 
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0058 As the epoxy resin and the curing agent, it is 
preferred to use a compound having no mutagen, for 
example, a compound using no bisphenol A, Since it has leSS 
influence on the environment and human bodies. 

0059 (c) The polymer compound incompatible with the 
epoxy resin used in the present invention is not particularly 
limited as long as it is incompatible with the epoxy resin, and 
examples include rubberS Such as an acrylic copolymer, an 
acrylic rubber, etc., Silicone resins, Silicone modified resins 
Such as Silicone modified polyamideimide, etc. To be incom 
patible with the epoxy resin indicates a property of being 
Separated from the epoxy resin into two or more phases. The 
compatibility of the resins is defined as a visible light (600 
nm) transmittance of a film (50 um) prepared from a varnish 
containing the epoxy resin and the acrylic copolymer (com 
ponent ratio=1:1). When the transmittance of the film is 50% 
or more, the polymer compound is “compatible” with the 
epoxy resin, whereas, when the transmittance is less than 
50%, the polymer compound is “incompatible (is not com 
patible)” with the epoxy resin. As the polymer compound of 
the present invention, those having the transmittance of leSS 
than 30% are further preferred. 
0060 AS (c) the polymer compound of the present inven 
tion, those having a reactive group (functional group) and 
having a weight average molecular weight of 100,000 or 
more are preferred. Examples of the reactive groups in the 
present invention include a carboxylic acid group, an amino 
group, a hydroxyl group, an epoxy group, etc. Especially 
when the monomer having a functional group used in the 
polymer compound is acrylic acid of a carboxylic acid type, 
the crosslinking reaction is likely to proceed, So that the 
adhesive force of the resultant adhesive may be lowered due 
to gelation in a varnish State or an increase in the degree of 
cure in a B-stage. Therefore, it is more preferred to use 
glycidyl acrylate or glycidyl methacrylate having an epoxy 
group which does not cause the above phenomenon or 
causes the above phenomenon taking a longer period of 
time. AS (c) the polymer compound in the present invention, 
it is further preferred to use an epoxy group-containing 
acrylic copolymer having a weight average molecular 
weight of 100,000 or more. Component (c) in the present 
invention can be obtained by conducting a polymerization 
reaction So that unreacted monomers remain in a polymer 
compound or by preparing a polymer compound followed 
by addition of a reactive group-containing monomer thereto. 
0061 The weight average molecular weight is a polysty 
rene conversion value obtained by a gel permeation chro 
matography (GPC) method using a calibration curve 
obtained by Standard polystyrene. 
0062) Examples of acrylic copolymers include, for 
example, acrylic rubbers which are copolymers of an acry 
late or a methacrylate and acrylonitrile. Further, from the 
View-point of obtaining excellent adhesiveneSS and excel 
lent heat resistance, especially preferred is an acrylic copoly 
mer containing 0.5 to 6% by weight of glycidyl acrylate or 
glycidyl methacrylate as a functional group and having a 
glass transition temperature (hereinafter, referred to simply 
as “Tg) of -50° C. to 30° C., further preferably -10° C. to 
30 C., and having a weight average molecular weight of 
100,000 or more. As an acrylic copolymer containing 0.5 to 
6% by weight of glycidyl acrylate or glycidyl methacrylate 
and having Tg of -10° C. or more and having a weight 
average molecular weight of 100,000 or more, there can be 
mentioned, for example, HTR-860P-3 (manufactured by 



US 2003/0069331 A1 

Teikoku Chemical Industries Co., Ltd., trade name). It is 
more preferred that the copolymerization ratio for the gly 
cidyl acrylate or glycidyl methacrylate used as a functional 
group monomer is 2 to 6% by weight. For obtaining a higher 
adhesive force, the copolymerization ratio is preferably 2% 
by weight or more, and, when it exceeds 6% by weight, 
gelation may occur. AS the remaining portion, a mixture of 
an alkyl acrylate or an alkyl methacrylate having an alkyl 
group of 1 to 8 carbon atoms Such as methyl acrylate or 
methyl methacrylate, and Styrene or acrylonitrile can be 
used. Of these, ethyl (meth)acrylate and/or butyl (meth)- 
acrylate is particularly preferred. It is preferred that the 
mixing ratio is adjusted considering the Tg of the copolymer. 
When Tg is less than -10° C., the tackiness of the adhesive 
layer or adhesive film in a B-stage tends to increase, So that 
the handling properties may be Sometimes poor. The poly 
merization method is not particularly limited, and examples 
may include a pearl polymerization and a Solution polymer 
ization, and a copolymer is obtained by these methods. 
0.063. The weight average molecular weight of the epoxy 
group-containing acrylic copolymer is preferably 300,000 to 
3,000,000, more preferably 500,000 to 2,000,000. When the 
weight average molecular weight is less than 300,000, 
Strength and flexibility of the copolymer in a sheet State or 
in a film State may be lowered and tackiness thereof may be 
increased. On the other hand, when it exceeds 3,000,000, the 
flowability of the copolymer may be low and thus there is a 
possibility that the circuit filling property for wiring may be 
lowered. 

0064. With respect to the addition amount of (c) the 
polymer compound incompatible with the epoxy resin, from 
the view-point of reducing the elastic modulus and SuppreSS 
ing the flowability during Shaping, it is preferred that the 
ratio A/B is 0.24 to 1.0, where A represents the total weight 
of (a) the epoxy resin and (b) the curing agent and B 
represents the weight of (c) the polymer compound incom 
patible with the epoxy resin. When the formulation ratio for 
the polymer compound is less than 0.24, the handling 
properties at high temperatures tend to be poor. On the other 
hand, when it exceeds 1.0, the effects of reducing the elastic 
modulus and Suppressing the flowability during shaping 
tend to be poor. 
0065. To the adhesive composition of the present inven 
tion, if desired, (d) a filler and/or (e) a curing accelerator can 
be further added. 

0.066 Examples of (d) the filler used in the present 
invention include an inorganic filler and organic filler. From 
the Viewpoint of improving handling properties, improving 
thermal conductivity, adjusting the melt Viscosity and 
imparting thixotropic properties, etc., it is preferred to add 
an inorganic filler. 
0067. The inorganic filler is not particularly limited, and 
examples may include aluminum hydroxide, magnesium 
hydroxide, calcium carbonate, magnesium carbonate, cal 
cium Silicate, magnesium Silicate, calcium oxide, magne 
sium oxide, aluminum oxide, aluminum nitride, aluminum 
borate whisker, boron nitride, crystalline Silica, amorphous 
Silica, etc. These can be used independently or in combina 
tion. From the Viewpoint of improving the thermal conduc 
tivity, aluminum oxide, aluminum nitride, boron nitride, 
crystalline Silica, amorphous Silica, etc. are preferred. From 
the Viewpoint of adjusting the melt Viscosity and imparting 
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thixotropic properties, aluminum hydroxide, magnesium 
hydroxide, calcium carbonate, magnesium carbonate, cal 
cium Silicate, magnesium Silicate, calcium oxide, magne 
sium oxide, aluminum oxide, crystalline Silica, amorphous 
Silica, etc. are preferred. 
0068 Examples of the organic filler include various 
rubber fillers such as acrylonitrile-butadiene rubber fillers 
and silicone rubber fillers, etc. These have effects of improv 
ing the flexibility at low temperatures and reducing the 
elastic modulus. 

0069. It is more preferred that the filler used in the present 
invention has a contact angle with water of 100 degrees or 
less. When the contact angle with water exceeds 100 
degrees, the effect attained by addition of the filler is likely 
to be lowered. The contact angle with water is preferably 60 
degrees or less, Since the effect of improving a reflow 
resistance is especially high. It is preferred that the filler has 
an average particle diameter of 0.005 um or more to 0.1 um 
or less. When the average particle diameter of the filler is 
less than 0.005um, the dispersion property and the flowabil 
ity tend to be lowered, and, on the other hand, when the 
average particle diameter exceeds 0.1 um, the effect of 
improving the adhesiveness tends to be decreased. 

0070 The contact angle of the filler with water can be 
measured by the following method. A filler is subjected to 
compression molding to prepare a plane plate, and a water 
drop is placed on the plate and the angle of the water drop 
with the plate is measured by means of a contact angle meter. 
This measurement is repeated 10 times to obtain an average 
value, and this average value is used as a value of the contact 
angle. 

0071 Examples of such a filler include silica, alumina, 
antimony Oxide and the like. Silica is commercially avail 
able from C. I. KASEI CO., LTD. in the trade name of 
NanoTek SiO2 (contact angle: 43 degrees; average particle 
diameter: 0.012 um) or available from Nippon Aerosil Co., 
Ltd. in the trade name of Aerosil R972 (average particle 
diameter: 0.016 um). Alumina is commercially available 
from C. I. KASEI CO.,LTD. in the trade name of NanoTek 
Al-O (contact angle: 55 degrees; average particle diameter: 
0.033 um). Diantimony trioxide is commercially available 
from Nihon Mining & Concentrating Co., Ltd. in the trade 
name of PATOX-U (contact angle: 43 degrees, average 
particle diameter: 0.02 um). 
0072. It is preferred that the amount of the filler added is 
0 part by weight or more to 50 parts by weight or less based 
on 100 parts by weight of the total weight of the epoxy resin 
and the curing agent. When the amount of the filler used 
exceeds 50 parts by weight, problems may arise Such that the 
Storage elastic modulus increases and the adhesiveness 
becomes poor. The amount of the filler used is further 
preferably 5 parts by weight or more to less than 40 parts by 
weight, especially preferably 10 parts by weight or more to 
less than 30 parts by weight. 

0073 (e) The curing accelerator to be used in the adhe 
Sive composition of the present invention is not particularly 
limited, and, for example, tertiary amines, imidazoles, qua 
ternary ammonium Salts, etc. can be used. Examples of 
imidazoles include 2-methylimidazole, 2-ethyl-4-meth 
ylimidazole, 1-cyanoethyl-2-phenylimidazole, 1-cyanoet 
hyl-2-phenylimidazolium trimelitate, etc., and these can be 
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used independently or in combination. Imidazoles are com 
ercially available from, for example, Shikoku Kasei Kogyo 
Co. in the trade names of 2E4MZ, 2PZ-CN, and 2PZ-CNS. 
0.074. From the viewpoint of prolonging the duration of 
use of the film, it is preferred that the curing accelerator has 
potentiality. Representative examples thereof include dihy 
drazide compounds Such as dicyandiamide, adipic dihy 
drazide, etc., guanamine acid, melamine acid, addition prod 
ucts of an epoxy compound and an imidazole compound, 
addition products of an epoxy compound and a dialky 
lamine, addition products of an amine and thiourea, addition 
products of an amine and isocyanate, etc. From the View 
point of reducing the activity at room temperature, it is 
preferred that the curing accelerator has an adduct structure. 
0075 The formulation amount of (e) the curing accelera 
tor is preferably 0 to 5.0% by weight, more preferably 0.05 
to 3.0% by weight, further preferably 0.2 to 3.0% by weight 
based on the total weight of the epoxy resin and the curing 
agent. When the formulation amount of the curing accelera 
tor exceeds 5.0% by weight, the storage stability of the 
resultant composition becomes poor, So that the pot life is 
likely to be insufficient. 
0.076 Also, in the present invention, it is preferred that 
the cured product of the adhesive composition has an elastic 
modulus in tensile of 1 to 20 MPa as measured at 240 C. 
When the elastic modulus in tensile exceeds 20 MPa, the 
StreSS relaxation property is lowered, increasing a likelineSS 
to generate a bend. On the other hand, when the elastic 
modulus in tensile is less than 1 MPa, a reflow crack is likely 
to be caused. 

0077. The measurement of an elastic modulus in tensile 
at 240° C. is conducted as follows. First, an adhesive 
composition having an initial length of 20 mm (L) and 
having a thickness of about 50 um is cured at 170° C. for one 
hour to prepare a cured film. The cured film is placed in a 
thermostatic chamber at 240 C. in a state such that a 
predetermined load of 1 to 10 kg (W) is applied to the cured 
film. After the temperature of the cured film in the chamber 
reaches 240 C., an elongation (AL) and a cross-sectional 
area (S) of the cured film are determined to calculate an 
elastic modulus in tensile (E) according to the following 
formula: 

0078. The adhesive composition of the present invention 
preferably exhibits a weight loss by heating at 270° C. of 2% 
by weight or less, more preferably 1.5% by weight, further 
preferably 1% by weight. When the weight loss by heating 
is more than the above value, the composition tends to cause 
contamination of the peripheral apparatuses during the use. 
0079. In the adhesive composition of the present inven 
tion, for improving the flexibility and the resistance to reflow 
crack, a high molecular-weight resin compatible with the 
epoxy resin can be added. The high molecular-weight resin 
compatible with the epoxy resin is not particularly limited, 
and, for example, phenoxy resins, high molecular-weight 
epoxy resins, extra-high molecular-weight epoxy resins, 
large polarity functional group-containing rubbers, large 
polarity functional group-containing reactive rubbers, etc. 
can be used. 

0080 Phenoxy resins are commercially available from 
Tohto Kasei Co., Ltd. in the trade names of Phenotot YP-40 
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and Phenotot YP-50, and also available from Phenoxy 
ASSociates Co. in the trade names of PKHC, PKHH, and 
PKHJ. 

0081 Examples of high molecular-weight epoxy resins 
include high molecular-weight epoxy resins having a 
molecular weight of 30,000 to 80,000 and extra-high 
molecular-weight epoxy resins having a molecular weight 
exceeding 80,000 (see Japanese Patent Publications Nos. 
59617/1995,59618/1995,59619/1995, 59620/1995, 64911/ 
1995, 68327/1995, etc.). As the large polarity functional 
group-containing reactive rubber, a carboxyl group-contain 
ing acrylonitrile-butadiene rubber is commercially available 
from JSR Co. in the trade name of PNR-1. 

0082 It is preferred that the amount to be used of the high 
molecular-weight resin compatible with the epoxy resin is 
40 parts by weight or less based on 100 parts by weight of 
the epoxy resin. When the amount exceeds 40 parts by 
weight, the Tg of the epoxy resin layer is possibly lowered. 
0083) To the adhesive composition of the present inven 
tion, various kinds of coupling agents can be further added 
for improving bonding at the interface between different 
kinds of materials. Examples of the coupling agents include 
Silane type coupling agents, titanium type coupling agents, 
and aluminum type coupling agents, and the Silane type 
coupling agents are most preferred. 
0084. The silane type coupling agent is not particularly 
restricted and there may be mentioned, for example, Vinyl 
trichlorosilane, vinyltris(B-methoxyethoxy)Silane, Vinyltri 
ethoxysilane, vinyltrimethoxysilane, Y-methacryloxy-propy 
ltrimethoxysilane, 
Y-methacryloxypropylmethyldimethoxysilane, Y-(3,4-ep 
oxycyclohexyl)ethyltrimethoxysilane, Y-glycidoxypropyltri 
methoxysilane, Y-glycidoxypropylmethyldimethoxysilane, 
Y-glycidoxypropylmethyldiethoxysilane, N-f-(aminoethyl)- 
Y-aminopropyltrimethoxysilane, N-f-(aminoethyl)-y-ami 
nopropylmethyldimethoxysilane, -aminopropyltriethoxysi 
lane, N-phenyl-y-aminopropyltrimethoxysilane, 
Y-mercaptopropyltrimethoxysilane, Y-mercaptopropyltri 
ethoxysilane, 3-aminopropylmethyldiethoxysilane, 3-ure 
idopropyltriethoxysilane, 3-ureidopropyltrimethoxysilane, 
3-aminopropyltrimethoxysilane, 3-aminopropyl-tris(2- 
methoxy-ethoxy-ethoxy)Silane, N-methyl-3-aminopropylt 
rimethoxysilane, triaminopropyl-trimethoxysilane, 3-(4,5- 
dihydro)imidazol-1-yl-propyltrimethoxysilane, 
3-methacryloxypropyl-trimethoxysilane, 3-mercaptopropyl 
methyldimethoxysilane, 3-chloropropyl-methyldimethox 
ySilane, 3-chloropropyl-dimethoxysilane, 3-cyanopropyl 
triethoxysilane, hexamethyldisilaZane, N.O-bis(tri 
methylsilyl)acetamide, methyltrimethoxysilane, 
methyltriethoxysilane, ethyltrichlorosilane, n-propyltri 
methoxysilane, isobutyltrimethoxysilane, amyltrichlorosi 
lane, octyltriethoxysilane, phenyltrimethoxysilane, phenyl 
triethoxysilane, methyltri(methacryloyloxyethoxy)Silane, 
methyltri(glycidyloxy)silane, N-f-(N-vinylbenzylaminoet 
hyl)-y-aminopropyltrimethoxysilane, octadecyldimethyl 3 
(trimethoxysilyl)propyl ammonium chloride, y-chloropro 
pylmethyldichlorosilane, 
Y-chloropropylmethyldimethoxysilane, Y-chloropropylmeth 
yldiethoxysilane, trimethylsilyl isocyanate, dimethylsilyl 
isocyanate, methylsilyltriisocyanate, Vinylsilyl triisocyan 
ate, phenylsilyl triisocyanate, tetraiSocyanate Silane, ethoX 
ySilane isocyanate, etc. These compounds can be used singly 
or in combination of two or more kinds thereof. 
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0085. The titanium type coupling agent is not particularly 
limited and there may be mentioned, for example, isopro 
pyltrioctanoyl titanate, isopropyldimethacryliSOStearoyl 
titanate, isopropyltridodecylbenzeneSulfonyl titanate, iso 
propylisoStearoyldiacryl titanate, isopropyltri(dioctylphos 
phate) titanate, isopropyltricumylphenyl titanate, isopropy 
ltris(dioctylpyrophosphate) titanate, isopropyltris(n- 
aminoethyl) titanate, tetraisopropylbis(dioctylphosphite) 
titanate, tetraoctylbis(ditridecylphosphite) titanate, tetra(2, 
2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite titan 
ate, dicumylphenyloxyacetate titanate, bis(dioctylpyrophos 
phate)oxyacetate titanate, tetraiSopropyl titanate, 
tetranormalbutyl titanate, butyl titanate dimer, tetra(2-ethyl 
hexyl) titanate, titanium acetylacetonate, polytitanium 
acetylacetonate, titanium octylene glycolate, titanium lactate 
ammonium Salt, titanium lactate, titanium lactate ethyl ester, 
polyhydroxytitanium Stearate, tetramethyl orthotitanate, tet 
raethyl orthotitanate, tetrapropyl orthotitanate, tetraisobutyl 
orthotitanate, Stearyl titanate, cresyl titanate monomer, 
cresyl titanate polymer, diisopropoxy-bis(2,4-pentadionate) 
titanium (IV), diisopropyl-bis-triethanolamino titanate, 
octyleneglycol titanate, tetra-n-butoxy titanium polymer, 
tri-n-butoxytitanium monoStearate polymer, tri-n-butoxyti 
tanium monoStearate, etc. These compounds can be used 
Singly or in combination of two or more kinds thereof. 
0.086 The aluminum type coupling agent is not particu 
larly limited and there may be mentioned, for example, 
aluminum chelate compounds Such as ethylacetoacetate 
aluminum diisopropylate, aluminum tris(ethylacetoacetate), 
alkylacetoacetate aluminum diisopropylate, aluminum 
monoacetylacetatobis(ethylacetoacetate), aluminum 
tris(acetylacetonate), aluminum-monoisopropoxymo 
nooleoxyethyl acetoacetate, aluminum-di-n-butoxide 
mono-ethylacetoacetate, aluminum-di-iso-propoxide-mono 
ethylacetoacetate, etc., and aluminum alcholates Such as 
aluminum isopropylate, mono-Sec-butoxy-aluminum diiso 
propylate, aluminum-sec-butyrate, aluminum ethylate, etc. 
These compounds can be used Singly or in combination of 
two or more kinds thereof. 

0087. In view of obtaining effects and heat resistance 
thereof as well as reducing the cost, it is preferred that an 
amount of the coupling agent to be added is 0 to 10 parts by 
weight based on 100 parts by weight of the total weight of 
the resins. 

0088. Further, to the adhesive composition of the present 
invention, for adsorbing an ionic impurity to improve the 
insulation reliability when absorbing moisture, an ion cap 
turing agent can be added. The ion capturing agent is not 
particularly limited, and a compound known as a copper 
damage preventing agent for preventing copper from ioniz 
ing and dissolving out, for example, a triazinethiol com 
pound and a bisphenol type reducing agent can be used, and 
inorganic ion adsorbents Such as Zirconium type and anti 
mony bismuth type magnesium aluminum compounds can 
be used. 

0089. In view of obtaining an effect aimed at by the 
addition and excellent heat resistance and reducing the cost, 
it is preferred that the amount of the ion capturing agent 
added is 0 to 10 parts by weight based on 100 parts by 
weight of the adhesive composition. 
0090. As mentioned above, each of the adhesive compo 
Sition and the adhesive film of the present invention com 
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prises a composition comprising (a) an epoxy resin, (b) a 
curing agent, (c) a polymer compound incompatible with the 
epoxy resin, and optionally (d) a filler and/or (e) a curing 
accelerator, wherein the components are separated into two 
phases after being cured as viewed in the cross-section 
thereof. The term “two phases used here indicates that the 
cured product has an islands-in-Sea Structure. The “islands 
in-Sea Structure' in the present invention means a ununiform 
Structure comprising a continuous phase (referred to as 
"sea") and a dispersed phase (referred to as “islands') 
described in, for example, page 16 of “Polymer New Mate 
rial one point Polymer Alloy', published by KYORITSU 
SHUPPAN CO.,LTD., as viewed in the cross-section of the 
adhesive composition in a cured State, which is polished and 
examined under, e.g., a Scanning type electron microScope. 
0091. In the present invention, each of the adhesive 
composition and the adhesive film of the present invention 
wherein the components thereof are Separated into two 
phases after being cured as viewed in the cross-section 
thereof is achieved by a composition which comprises an 
epoxy resin, a cyanate resin, a phenolic resin and a curing 
agent therefor, a polymer compound incompatible with the 
above resin, for example, an acryl rubber, an acrylonitrile 
butadiene rubber, a Silicone rubber, polyurethane, polyim 
ide, polyamideimide, and a copolymerized product or a 
mixture thereof, and optionally a filler and/or a curing 
accelerator, or its film-state material (an adhesive film). 
0092. In the present invention, from the viewpoint of 
obtaining excellent adhesion between the Sea phase and the 
islands phase and excellent adhesiveness, it is preferred that 
the two phases comprise a Sea phase and an islands phase, 
wherein, a length of an outer periphery of the islands phase 
represented by S and an area of a cross-section represented 
by V, satisfy a relationship represented by the following 
formula (1): 

Sf wV>3.6 (1) 

0093. Further, from the viewpoint of obtaining further 
excellent adhesion between the Sea phase and the islands 
phase, it is preferred that, in the above formula (1), the 
relationship: S/(V')>4.0 is satisfied. 
0094. In the present invention, each of the adhesive 
composition and the adhesive film wherein the two phases 
comprise a Sea phase and an islands phase wherein length S 
of the outer periphery of the islands phase and croSS 
Sectional area V Satisfy the relationship represented by 
S/(V')>3.6 is achieved, for example, by a composition 
which comprises an epoxy resin and a curing agent therefor, 
and a polymer compound incompatible with the above resin, 
for example, a phenoxy resin, and a filler and a curing 
accelerator, or its film-state material (an adhesive film). It is 
especially preferred that the composition or film contains a 
filler, particularly a filler having an average particle diameter 
of 0.005 to 0.1 um. Further, it is preferred that the filler is 
Silica and a Surface thereof is coated with an organic 
Substance. 

0095. In the present invention, there is provided an adhe 
Sive composition which gives a cured product having a 
storage elastic modulus at 240° C. of 1 to 20 MPa. 
0096. The adhesive composition having such properties 
is achieved by a composition which comprises, for example, 
an epoxy resin, a cyanate resin, a phenolic resin, and a curing 
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agent therefor, a polymer compound incompatible with the 
above resin, and a filler and a curing accelerator. It is 
especially preferred that the composition contains a filler, 
particularly preferably a filler having an average particle 
diameter of 0.005 to 0.1 um. 
0097. In the present invention, there is further provided 
an adhesive composition or its film-state material (an adhe 
Sive film) wherein, in a cured State, it has pores having an 
average diameter of 0.01 um to 2 um, and the Volume 
percentage of the pores is 0.1 to 20% by volume. 
0098. The adhesive film of the present invention has 
pores having an average diameter of 0.01 to 2.0 Lim, more 
preferably 0.03 to 0.1 um. 
0099. In the present invention, the pores in the adhesive 
film mean Voids, Spaces, or gaps, and the average diameter 
of the pores means a diameter of a sphere when the Volume 
of the pore is converted to that of Sphere. 
0100 When the average diameter of the pores is less than 
0.01 um or more than 2.0 um, the PCT resistance (suppress 
ing the lowering of the adhesive strength) may be poor. 
0101 The volume percentage of the pores in the adhesive 
film is 0.1 to 20% by volume. When the volume percentage 
is less than 0.1% by volume, the effect aimed at by formation 
of the pores is poor and the PCT resistance is poor. When the 
volume percentage exceeds 20% by volume, the reflow 
resistance and PCT resistance are lowered. It is more pre 
ferred that the pores are dispersed uniformly. 
0102 The volume percentage of the pores is calculated 
by the following method. (1) In a view through a Scanning 
type electron 

0103) microscope (SEM), a square region, having a 
Side with a length of 100 times the average particle 
diameter of the filler used and which has 50 pores, is 
Selected. 

0104 (2) The area of the square region and the total 
area of the 50 pores are determined by the following 
method. A transparent film having a uniform density 
and an even thickness is placed on the SEM photo 
graph, and all the 50 pores are traced by a pen and the 
traced portions are cut out. 

0105 (3) The predetermined area portion (including 
the 50 pores portions) is traced by a pen in the same 
manner as in Item (2) above, and the traced portion is 
Cut Out. 

0106 (4) The weight of each of the cut out portions 
obtained in Items (2) and (3) above is measured to 
determine a (2)/(3) value. 

01.07 (5) V-(2)/(3) is determined. 
0108 (6) The sequence of the operations in Items (1) 
to (5) above is repeated five times, and an average of V 
values obtained is taken as a volume percentage. 

0109) It is especially preferred that each of the adhesive 
composition and the adhesive film of the present invention 
comprises a cured product of a composition which com 
prises (a) an epoxy resin, (b) a curing agent, (c) a polymer 
compound incompatible with the epoxy resin, and optionally 
(d) a filler and (e) a curing accelerator, wherein each of them 
has pores having an average diameter of 0.01 to 2.0 um, and 
the Volume percentage of the pores in the composition or 
film cured is 0.1 to 20% by volume. 
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0110. In addition, in the present invention, there is pro 
vided an adhesive film which limits lowering in flow after 72 
hours at 60° C. of 50% or less. 

0111 When the lowering in flow of the adhesive film is 
50% or less, the adhesive film can be advantageously stored 
at 25 C. or 5 C. for a long term, enabling a long Storage. 
The lowering in flow can be measured according to the 
following procedure. 
0112 First, an adhesive film is punched out into a sample 
having a size of 1 cmx2 cm and pressed under conditions 
such that the temperature is 160° C., the pressure is 1 MPa, 
and the time is 18 Seconds. With respect to four Samples, 
lengths of portions Squeezed out from the original size are 
measured at two points per each Sample by means of an 
optical microScope to determine an average length, and this 
value is taken as a flow amount. From the initial flow amount 

Fo, and the flow amount F2, after 72 hours at 60° C., the 
lowering rate of the flow after 72 hours at 60° C. is 
determined by the following formula: 

Lowering rate of flow (%)=(Fo-F72)/Fox100 
0113 Further, the adhesive film of the present invention 
comprises a cured product of a composition which com 
prises (a) an epoxy resin, (b) a curing agent, (c) a polymer 
compound incompatible with the epoxy resin, (d) a filler, 
and (e) a curing accelerator, and it is preferred that compo 
nents (a) to (e) Satisfy the relationship represented by the 
following formula: 

0.75safb 

0114 wherein a represents a contact angle of (d) the 
filler with water, and b represents a contact angle 
with water of a material obtained by coating and 
drying the composition comprising components (a), 
(b), (c) and (e). 

0115 The adhesive film having the above-mentioned 
properties can be achieved by a composition which com 
prises, for example, an epoxy resin, a cyanate resin, a 
phenolic resin, a curing agent therefor, a polymer compound 
incompatible with the above resin, for example, an acryl 
rubber, an acrylonitrile-butadiene rubber, a silicone rubber, 
polyurethane, polyimide, polyamideimide, and a copolymer 
ized product or a mixture thereof, and optionally a filler 
and/or a curing accelerator, or its film-State material. Espe 
cially, the adhesive film is achieved by an adhesive film 
which comprises an epoxy resin and a curing agent therefor, 
an epoxy group-containing acrylic copolymer being incom 
patible with these and containing 1.5 to 2.0% by weight of 
glycidyl acrylate or glycidyl methacrylate and having a 
weight average molecular weight of 100,000 or more, and a 
filler and a curing accelerator. It is especially preferred to use 
an epoxy resin having a Softening point of 50° C. or more. 
Further, it is preferred to use the phenolic resin represented 
by the general formula (I) as a curing agent. 
0116. It is preferred that the adhesive film of the present 
invention is obtained by coating and drying the adhesive 
composition comprising the above-mentioned components 
(a) to (e), wherein the components of the above-mentioned 
(a) to (e) are selected so that the relationship: 0.75>a/b 
(wherein each of a and b is as defined above) is satisfied. 
0117. It is preferred that the relationship: 0.75>a/b is 
satisfied, that is, a/b is preferably less than 0.75, more 
preferably less than 0.66, especially preferably less than 
0.50. The lower limit of a/b is about 0.25. 
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0118 When a/b is 0.75 or more, the adhesiveness after 
absorbing moisture may be poor. 
0119) The contact angle a of the filler with water is 
measured by the above-mentioned method. With respect to 
the material obtained by applying the composition compris 
ing the components (a), (b), (c) and (e) and drying the 
composition applied, the contact angle b with water is 
measured in the same manner as in contact angle a. 
0120) Further, it is preferred that each of the adhesive 
composition and the adhesive film of the present invention 
comprises the components (a) to (e) in the following for 
mulation ratios: 

0121) 49.5 to 17.0% by weight of the sum of (a) the 
epoxy resin and (b) the curing agent; 

0122 50.0 to 70.0% by weight of (c) the polymer 
compound; 0.45 to 10.0% by weight of (d) the filler; 
and 

0123 0.05 to 3.0% by weight of (e) the curing accel 
erator. 

0124. It is preferred that the amount of the sum of (a) the 
epoxy resin and (b) the curing agent is 17.0 to 49.5% by 
weight. When the amount is less than 17.0% by weight, the 
adhesiveness, the moldability (flowability), etc. tend to be 
insufficient. On the other hand, when the amount exceeds 
49.5% by weight, the elastic modulus tends to be too large. 
0125. It is preferred that a ratio of (a) the epoxy resin to 
(b) the curing agent (a):(b) ratio is 33:67 to 75:25. When 
the ratio of the epoxy resin (a) is too large in the above ratio, 
the heat resistance and moldability (flowability) tend to be 
unsatisfactory. When the ratio of (b) the curing agent is too 
large in the above ratio, the moldability (flowability) tends 
to be insufficient. 

0.126 By using the composition having the above-men 
tioned formulation, an adhesive film excellent in heat resis 
tance after absorbing moisture, reflow resistance, adhesive 
neSS after absorbing moisture, etc. can be obtained. 
0127. It is preferred that the adhesive film of the present 
invention comprises the adhesive composition wherein the 
A/B ratio is 0.24 to 1.0, where A represents the total weight 
of (a) the epoxy resin and (b) the phenolic resin represented 
by the above formula (I) and B represents the weight of (c) 
the acrylic copolymer containing 0.5 to 6% by weight of a 
reactive group-containing monomer and having a weight 
average molecular weight of 100,000 or more. 
0128. In the present invention, there is provided an adhe 
Sive film which comprises a laminated cured product of the 
above adhesive composition and a polyimide film, wherein 
the laminated cured product has a peel strength of 50 N/m 
or more as measured at 240° C. In addition, in the present 
invention, there is provided the adhesive film wherein, when 
the laminated cured product is Subjected to moisture absorp 
tion treatment and then subjected to heat treatment at 260 
C. for 120 Seconds, the resultant laminated cured product 
does not Suffer peeling with a diameter of 2 mm or more. 
Further, in the present invention, there is provided a Semi 
conductor device wherein, when the device is Subjected to 
moisture absorption treatment at 85 C. and a relative 
humidity of 85% for 168 hours, and then, passed through a 
reflow furnace at 260 C. for 120 seconds, the resultant 
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device does not Suffer peeling with a diameter of 1 mm or 
more between the adhesive layer and the Semiconductor 
chip. 

0129. Each of the above-mentioned adhesive film and the 
Semiconductor device can be achieved by a composition 
which comprises, for example, an epoxy resin, a cyanate 
resin, a phenolic resin and a curing agent therefor, a polymer 
compound being incompatible with these and having a 
croSS-linkable functional group, and optionally a filler and/ 
or a curing accelerator, and its film-State material and a 
Semiconductor device produced by using these. Especially, 
it can be achieved by an adhesive film which comprises an 
epoxy resin, a curing agent therefor, an epoxy group 
containing acrylic copolymer being incompatible with these 
and containing 1.5 to 6.0% by weight of glycidyl acrylate or 
glycidyl methacrylate and having a weight average molecu 
lar weight of 100,000 or more, and a filler and a curing 
accelerator. It is especially preferred to use an epoxy resin 
having a softening point of 50° C. or more. Further, it is 
preferred that the curing agent is a phenolic resin repre 
Sented by the above general formula (I). It is especially 
preferred to contain a filler having an average particle 
diameter of 0.005 to 0.1 lum. In addition, it is preferred that 
the filler is Silica and has a Surface coated with an organic 
Substance. 

0.130. In the adhesive composition of the present inven 
tion, excellent moisture absorption resistance can be 
obtained by using the low moisture absorption phenolic 
resin represented by the formula (I), excellent reflow crack 
resistance can be obtained by using an acrylic copolymer 
which contains a reactive group-containing monomer to 
form a Suitable crosslinked Structure, and excellent reflow 
crack resistance and heat resistance can be obtained by using 
an acrylic copolymer incompatible with the epoxy resin to 
form a definite islands-in-Sea Structure after being cured. 
Further, by adding an inorganic filler, there can be obtained 
an adhesive composition having high elastic modulus at high 
temperatures, an increased peel Strength at high tempera 
tures, and excellent reflow crack resistance by an action of 
reflow crack prevention. 

0131 The adhesive film of the present invention is 
obtained as an adhesive layer formed on a Support film by a 
method in which the adhesive composition of the present 
invention is dissolved or dispersed in a Solvent Such as 
methyl ethyl ketone, toluene, cyclohexanone, etc. to prepare 
a varnish, and the prepared varnish is coated to a Support 
film Such as a polytetrafluoroethylene film or a polyethylene 
terephthalate film having a release-treated Surface, and then 
heated and dried to remove the solvent. 

0.132. In this case, preferred conditions for heating are, 
for example, such that the temperature is 80 to 250 C. and 
the time is about 10 minutes to about 20 hours. 

0.133 As the support film, a plastic film such as a 
polytetrafluoroethylene film, a polyethylene terephthalate 
film, a polyethylene film, a polypropylene film, a polym 
ethylpentene film, a polyimide film, etc. can be used, and the 
Surfaces of these plastic films can be release-treated. 
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0134) The support film can be peeled off upon use so that 
the adhesive layer (i.e., an adhesive film) can be used Solely, 
or it can be used with the Support film and the Support film 
can be peeled off later. 
0135). As a method for coating a varnish to a support film, 
a known method can be used, and examples include a knife 
coating method, a roll coating method, a Spray coating 
method, a gravure coating method, a bar coating method, a 
curtain coating method, etc. 
0136. The thickness of the adhesive layer (i.e., an adhe 
Sive film) is not particularly limited, but the thickness is 
preferably 3 to 300 um, more preferably 25 to 250 lum, 
further preferably 10 to 200 um, especially preferably 20 to 
100 um. When the thickness is thinner than 3 um, the stress 
relaxation effect tends to be poor, and, on the other hand, 
when the thickness is thicker than 300 um, such a thickness 
is disadvantageous from an economical point of view. 
0.137 The solvent for the varnish is not particularly 
limited, but, from the viewpoint of facilitating volatilization 
of the Solvent during the film preparation, it is preferred to 
use a Solvent having a relatively low boiling point Such as 
methyl ethyl ketone, acetone, methyl isobutyl ketone, 
2-ethoxyethanol, toluene, Xylene, butyl celloSolve, metha 
nol, ethanol, 2-methoxyethanol, etc. Further, for the purpose 
of improving the coating properties, a Solvent having a 
relatively high boiling point Such as dimethylacetamide, 
dimethylformamide, N-methylpyrrollidone, cyclohexanone, 
etc. may be added. 
0138. In preparation of the varnish when a filler is added 
to the adhesive composition of the present invention, from 
the viewpoint of dispersibility of the filler, it is preferred to 
use a mixer, a three-roll mill, a ball mill, a beads mill, etc., 
and these can be used in combination. Further, the filler and 
a low molecular compound are preliminarily mixed with 
each other, and then, a polymer compound is incorporated 
thereinto, thereby it is possible to shorten the time for 
mixing. After a varnish is prepared, it is preferred that 
bubbles in the varnish are removed by vacuum deaeration. 
0.139. In the present invention, when a filler is added to 
the adhesive composition, it is preferred to employ a method 
in which an epoxy resin, a curing agent and a filler are mixed 
with one another, and then, a polymer compound incompat 
ible with the epoxy resin is mixed into the resultant mixture 
to produce an adhesive composition. By employing the 
above production method, a film of the epoxy resin is 
formed at the interface of the filler. Therefore, after the 
rubber and the epoxy resin undergo phase Separation and are 
cured, a larger amount of the filler remains in the epoxy resin 
phase, So that the effect of reinforcing adhesion of the 
interface between the epoxy resin and the filler is increased, 
thus improving the heat resistance of the resultant cured 
product. It is preferred that the ratio of the volume VA of the 
filler contained in the epoxy resin phase to the volume VB 
of the filler contained in the rubber component phase after 
being cured, i.e., VA/VB is 1.2 or more. When VA/VB is less 
than 1.2, the effect of reinforcing adhesion of the interface 
between A and B is unsatisfactory, So that the heat resistance 
of the cured product tends to be poor. VA/VB is especially 
preferably 2 or more, further preferably 4 or more. Inciden 
tally, VA/VB can be measured in accordance with the 
following procedure. The rupture cross-section of a film is 
observed through a Scanning type electron microscope to 
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measure a peak of the atoms which constitute the filler by 
means of an XMA with respect to each of the regions 
comprised mainly of A and B, respectively. VA/VB is 
determined from the height ratio between these peaks. 
0140 Also, for obtaining a desired thickness of the 
adhesive layer in the adhesive film of the present invention, 
two or more films can be laminated to one another. In this 
case, it is required to Set conditions for Sticking films So that 
no peeling occurs in the adhesive layers. 

0.141. The adhesive film of the present invention can be 
used in the form of an adhesive member formed on both 
Surfaces of a film as a core material. The adhesive member 
has an advantage in that the film is improved both in 
handling properties and punching-out property by a metal 
mold. It is preferred that the thickness of the core material 
is in the range of from 5 to 200 um, but the thickness is not 
limited to this range. 
0142. The film used as a core material is not particularly 
limited, but the film is preferably a heat-resistant thermo 
plastic film, further preferably a heat-resistant thermoplastic 
film having a softening point of 260 C. or higher. When a 
heat-resistant thermoplastic film having a Softening point of 
lower than 260 C. is used as a core material, the adhesive 
film is possibly peeled off at high temperatures, i.e., during 
Soldering reflow. Further, heat-resistant thermoplastic films 
using liquid crystalline polymers, polyamideimide, polyim 
ide, polyetherimide, polyetherSulfone, whole aromatic poly 
ester, polytetrafluoroethylene, ethylene-tetrafluoroethylene 
copolymers, tetrafluoroethylene-hexafluoropropylene 
copolymers, tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymers, etc. are preferably used. Further, as the heat 
resistant thermoplastic film, a porous film can be used for 
reducing the elastic modulus of the adhesive layer. 
0143. The adhesive layers formed on both surfaces of the 
core material can be firstly made a varnish by dissolving or 
dispersing an adhesive composition in a Solvent. The pre 
pared varnish is applied to a heat-resistant thermo-plastic 
film which becomes a core material by coating, and heated 
to remove the solvent to form an adhesive film on the 
heat-resistant thermoplastic film. AS the method for coating, 
the above-mentioned methods can be used. This step is 
conducted with respect to both Surfaces of the heat-resistant 
thermoplastic film to prepare an adhesive film having adhe 
Sive layerS on both Surfaces of the core material. In this case, 
it is preferred that the surfaces of the adhesive film are 
protected by cover films so that the adhesive layers on both 
Surfaces do not Suffer blocking. However, when no blocking 
occurs, it is preferred not to use a cover film from an 
economical point of View, and there is no limitation. 
0144. Also, a varnish prepared by dissolving or dispers 
ing an adhesive composition in a Solvent, and the prepared 
Varnish is applied to the above-mentioned Support film, and 
heated to remove the Solvent to form an adhesive layer on 
the Support material. The adhesive layers are laminated to 
both Surfaces of a core material to prepare an adhesive film 
having adhesive layers formed on both Surfaces of the core 
material. In this case, the Support film can be used as a cover 
film. 

0145 The Substrate for mounting semiconductor of the 
present invention is not limited by Substrate materials Such 
as a lead frame having a die pad, ceramic Substrates, and 
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organic Substrates. AS ceramic Substrates, alumina Substrates 
and aluminum nitride Substrates can be used. AS organic 
Substrates, FR-4 Substrates obtained by impregnating an 
epoxy resin into glass cloth, BT Substrates obtained by 
impregnating a bismaleimide-triazine resin into glass cloth, 
and polyimide film Substrates using a polyimide film as a 
base material can be used. 

0146 AS the shape of wiring, any structure of Single side 
wiring, both SideS wiring, and multilayer wiring may be 
used, and, if desired, an electrically connected through hole 
or non-through hole may be formed. 
0147 Further, when the wiring appears on the outer 
Surface of the Semiconductor device, it is preferred to form 
a protecting resin layer. 

0.148. As a method for laminating an adhesive film to a 
Supporting member, a method in which the adhesive film is 
cut into a desired shape, and the cut adhesive film is 
heat-pressed to the Supporting member at a desired position 
is general, but the method is not limited to this one. 
014.9 The semiconductor device in which a semiconduc 
tor chip and a wiring board are adhered to each other can be 
produced by placing an adhesive film between a Semicon 
ductor chip and a wiring board So that the first adhesive layer 
is faced to the Surface of the Semiconductor chip Side, and 
heat-pressing the resultant laminated material. Also, a Semi 
conductor chip may be placed on the wiring board for 
mounting Semiconductor equipped with the above-men 
tioned adhesive film and then heat-pressed. The process for 
producing a Semiconductor device in which an adhesive film 
and a dicing tape are laminated to a Semiconductor wafer, 
and then, the resultant wafer and adhesive film are cut into 
a chip, and a Substrate having a circuit or a film having a 
circuit and the chip are adhered through an adhesive film is 
preferred from the Viewpoint of omitting the Steps of attach 
ing the adhesive films on each of the chip. 
0150 AS examples of structures of the semiconductor 
device of the present invention, there can be mentioned a 
Structure Such that an electrode of a Semiconductor element 
and a Supporting member for the Semiconductor are con 
nected to each other through wire bonding, and a structure 
Such that an electrode of a Semiconductor element and a 
Supporting member are connected to each other through 
inner lead bonding of tape automated bonding (TAB), etc., 
but the Structure is not limited to these, and an effect can be 
obtained by any of these structures. 
0151. In the process for producing a semiconductor 
device in which a Semiconductor chip and a Substrate having 
a circuit or a film having a circuit are laminated together 
with an adhesive film, the conditions for heat preSS may be 
Such that the temperature, load, and time are Selected So that 
the circuit for wiring board is embedded without a Space and 
satisfactory adhesiveness are exhibited. From the viewpoint 
of preventing the chip damage, the load is preferably 196 
kPa or less, especially preferably 98 kPa or less. 

0152 AS the Semiconductor element, general Semicon 
ductor elements Such as IC, LSI, VLSI, etc. can be used. 

0153. The thermal stress caused between the semicon 
ductor element and the Supporting member is significant 
when the difference in area between the Semiconductor 
element and the Supporting member is Small, but, in the 
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Semiconductor device of the present invention, by using an 
adhesive film having a low elastic modulus, the thermal 
StreSS is relaxed to ensure reliability. These effects are very 
effectively exhibited when the area of the semiconductor 
element is 70% or more of the area of the supporting 
member. Also, in Such a Semiconductor device in which the 
difference in area between the Semiconductor element and 
the Supporting member is Small, external connection termi 
nals are often formed in an area form. 

0154 Also, the characteristic feature of the adhesive film 
of the present invention resides in that an amount of the 
Volatile components from the adhesive layer can be reduced 
in Steps in which the adhesive film is heated Such as the Step 
of heat-pressing the adhesive film to the Supporting member 
at a desired position and the Step of connecting through wire 
bonding. 
O155 The wiring board used in the wiring board for 
mounting Semiconductor equipped with the adhesive film of 
the present invention is not limited by materials of the 
Substrate Such as ceramic Substrates and organic Substrates. 
For example, as ceramic Substrates, alumina Substrates and 
aluminum nitride Substrates can be used. AS organic Sub 
Strates, FR-4 Substrates obtained by impregnating an epoxy 
resin into glass cloth, BT Substrates obtained by impregnat 
ing a bismaleimide-triazine resin into glass cloth, and poly 
imide film Substrates using a polyimide film as a base 
material can be used. 

0156. As the shape of wiring, any structures of single side 
wiring, both sides wiring, and multilayer wiring may be 
used, and, if desired, an electrically connected through hole 
or non-through hole may be formed. 
O157. Further, when the wiring appears on the outer 
Surface of the Semiconductor device, it is preferred to form 
a protecting resin layer. 
0158 As a method for laminating an adhesive film to a 
wiring board, a method in which the adhesive film is cut into 
a desired shape, and the cut adhesive film is heat-pressed to 
the wiring board at a desired position is general, but the 
method is not limited to this Examples. 

EXAMPLES 

0159. In the following, the present invention will be 
explained in more detail by referring to the following 
Examples, but the present invention is not limited by these. 

Example 1 
0160 (Sample 1) 
0.161 Methyl ethyl ketone was added to Adhesive com 
position 1 comprising 61 parts by weight of an o-creSol 
novolak type epoxy resin: YDCN-703 (manufactured by 
Tohto Kasei Co., Ltd.; trade name, epoxy equivalent: 210), 
39 parts by weight of a bisphenol A novolak resin: Plyofen 
LF2882 (manufactured by Dainippon Ink & Chemicals, Inc.; 
trade name), 150 parts by weight of an epoxy group 
containing acrylic rubber: HTR-860P-3 (manufactured by 
Teikoku Chemical Industries Co., Ltd., trade name; molecu 
lar weight: 1,000,000; Tg: -7° C), and, as curing agents, 0.5 
part by weight of 1-cyanoethyl-2-phenylimidazole: CureZol 
2PZ-CN (manufactured by Shikoku Kasei Kogyo Co.; trade 
name) and 0.7 part by weight of Y-glycidoxypropyltri 
methoxysilane: NUCA-187 (trade name; manufactured by 
Nippon Unicar Co., Ltd.), was added, and mixed by Stirring, 
followed by vacuum deaeration. 
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0162 The adhesive varnish was coated onto a release 
treated polyethylene terephthalate film having a thickness of 
75 um, and dried by heating at 140 C. for 5 minutes to form 
a coating film in a B-stage having a thickness of 75 um, thus 
preparing an adhesive film (Adhesive film 1) equipped with 
a Support film. 
0163 When the adhesive film was stored in an atmo 
sphere at 25 C. at 50% RH (a relative humidity), after one 
day, the flow amount was 390 um and the adhesive strength 
was 620 N/m; after 30 days, the flow amount was 170 um 
and the adhesive strength was 550 N/m; and, after 90 days, 
the flow amount was 35 um and the adhesive Strength was 
280 N/m. The flow amount was determined as follows. A 
film-form adhesive having a thickness of 75 um was 
punched out by a 10 mm p punch, and placed at a center 
portion between two sheets of polyethylene terephthalate 
films cut to 25mmx25mm, and pressed under conditions at 
100° C. and 3 MPa for 5 minutes, and then, the size of the 
resultant Sample was measured to determine the difference 
in the radius of the Sample before and after pressing. Also, 
the peel Strength was determined as followS. 50 um poly 
imide films (UPILEX S (Tg: 500° C. or higher), trade name, 
manufactured by Ube Industries Ltd. was used) were lami 
nated to both surfaces of the film-form adhesive using a hot 
roll laminator under conditions at a temperature of 100 C., 
a pressure of 0.3 MPa and a speed of 0.3 m/min, and then 
cured at a temperature of 170° C. for one hour. The poly 
imide films on the both surfaces of the sample cut into 10 
mm width were individually Supported, and a T-peel 
Strength was measured in an atmosphere at room tempera 
ture at a speed of 50 mm/min in the direction of 180 degrees. 
0164. Further, a storage elastic modulus of the adhesive 
composition obtained by curing the adhesive film at 170° C. 
for one hour was measured by using a dynamic Viscoelas 
ticity measuring machine (manufactured by Rheology, 
DVE-V4) (sample size: length: 20 mm, width: 4 mm, 
thickness: 80 um; temperature elevation rate: 5 C./min; 
tensile mode: 10 Hz, automatic Static loading). As a result, 
it was 380 MPa at 25 C. and 5 MPa at 260 C. 

0.165. The above-mentioned Adhesive film 1 was allowed 
to Stand for two minutes on a hot platen heated to a 
predetermined temperature, and the difference in the weight 
of the film before and after heating was determined to 
calculate a volatile content according to the following for 
mula: 

Volatile content (% by weight)=({Weight (g) of adhe 
sive film before heating-Weight (g) of adhesive film 
after heating/Weight (g) of adhesive film before 
heating)x100 

0166 The above-mentioned Adhesive films 1 were lami 
nated together using a hot roll laminator under conditions at 
a temperature of 110° C., a pressure of 0.3 MPa and a speed 
of 0.3 m/min to prepare an adhesive member having a 
thickness of 150 um in a Single-layer film form. 
0167 By using the obtained adhesive member, a semi 
conductor chip and a wiring board using a polyimide film 
having a thickness of 25 um as a Support were laminated 
together to prepare a semiconductor device sample (having 
Solder balls formed on one Surface thereof; Sample 1), and 
the islands-in-Sea Structure, heat resistance, flame retar 
dancy, and moisture resistance were examined. 
0168 The semiconductor device sample was prepared by 
the following method. That is, the obtained adhesive film 
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was heat-pressed to a wiring board using a polyimide film 
having a thickness of 50 um as a base material, and a 
Semiconductor chip having a size of 15x7 mm was further 
heat-pressed thereonto, and then, the adhesive film was 
cured. The end Surface of the adhesive film was further 
partially encapsulated by an encapsulating material (manu 
factured by Hitachi Chemical Co., Ltd., CEL-C-4100, trade 
name) to prepare a Semiconductor device sample shown in 
FIG. 1. 

0169. With respect to the islands-in-sea structure, the 
croSS-Section of the cured product was observed through a 
Scanning type electron microscope to measure a value 
obtained from the relationship (S/V') between length S of 
the outer periphery of the islands phase and cross-sectional 
area V. AS the evaluation method for heat resistance, an 
evaluation of reflow crack resistance and a temperature 
cycle test were used. The evaluation of the reflow crack 
resistance was made as follows. A Sample was placed in an 
IR reflow furnace in which the temperature was adjusted so 
that the maximum temperature of the Sample Surface became 
240 C. and this temperature was kept for 20 seconds, and 
then cooled by allowing the Sample to Stand at room 
temperature. The Sequence of the above treatments was 
repeated two times, and then, the resultant Sample was 
observed by Visual examination and through an ultrasonic 
microScope in respect of crack. A Sample in which no crack 
was observed was rated “O'”, and a sample in which a crack 
was observed was rated “X”. The evaluation of the tem 
perature cycle resistance was made as follows. A Sample was 
allowed to stand in an atmosphere at -55 C. for 30 minutes 
and then stand in an atmosphere at 125 C. for 30 minutes. 
The sequence of the above treatments was repeated 1,000 
cycles, and then the resultant Sample was observed through 
an ultraSonic microscope in respect of damage Such as an 
occurrence of peeling or crack. A Sample in which no 
damage was observed was rated “O'”, and a sample in which 
a damage was observed was rated “X”. In addition, the 
evaluation of the moisture resistance was made as follows. 
A Sample was treated in an atmosphere at a temperature of 
121° C. at a humidity of 100% at 2.03x10 Pa (pressure 
cooker test, PCT treatment) for 72 hours, and then the 
resultant Sample was observed in respect of peeling. A 
Sample in which no peeling was recognized in the adhesive 
member was rated “O'”, and a sample in which peeling was 
recognized in the adhesive member was rated “X”. 

0170 (Sample 2) 

0171 Methyl ethyl ketone was added to Adhesive com 
position 2 comprising 32.5 parts by weight of a bisphenol A 
type epoxy resin: EPIKOTE 1001 (manufactured by Japan 
Epoxy Resins Co., Ltd.; trade name; epoxy equivalent: 475), 
35.8 parts by weight of an o-creSol novolak type epoxy 
resin: YDCN-703 (manufactured by Tohto Kasei Co., Ltd.; 
trade name; epoxy equivalent: 210), 31.7 parts by weight of 
a bisphenol A novolak resin: Plyofen LF2882 (manufactured 
by Dainippon Ink & Chemicals, Inc., trade name), 150 parts 
by weight of an epoxy group-containing acrylic rubber: 
HTR-860P-3 (manufactured by Teikoku Chemical Indus 
tries Co., Ltd.; trade name; molecular weight: 1,000,000; Tg: 
-7 C.), and, as curing agents, 0.5 part by weight of 
1-cyanoethyl-2-phenylimidazole: CureZol 2PZ-CN (manu 
factured by Shikoku Kasei Kogyo Corporation, trade name) 
and 0.7 part by weight of y-glycidoxypropyltrimethoxysi 
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lane: NUC A-187 (nmanufactured by Nippon Unicar Co., 
Ltd., trade name), and mixed by Stirring, followed by 
Vacuum deaeration. 

0172 The adhesive varnish was coated onto a release 
treated polyethylene terephthalate film having a thickness of 
75 um, and dried by heating at 140 C. for 5 minutes to form 
a coating film in a B-stage having a thickness of 75 um, thus 
preparing an adhesive film (Adhesive film 2) equipped with 
a Support film. 

0173 When the adhesive film was stored in an atmo 
sphere at 25 C. at 50% RH (a relative humidity), after one 
day, the flow amount was 480 um and the adhesive Strength 
was 600 N/m; after 30 days, the flow amount was 220 um 
and the adhesive strength was 540 N/m; and, after 90 days, 
the flow amount was 35 um and the adhesive Strength was 
260 N/m. The flow amount was determined as follows. A 
film-form adhesive having a thickness of 75 um was 
punched out by a 10 mm p punch, and placed at a center 
portion between two sheets of polyethylene terephthalate 
films cut to 25mmx25mm, and pressed under conditions at 
100° C. and 3 MPa for 5 minutes, and then, the size of the 
resultant Sample was measured to determine the difference 
in the radius of the Sample before and after pressing. Also, 
the peel Strength was determined as followS. 50 um poly 
imide films (UPILEX S; manufactured by Ube Industries 
Ltd., trade name) were laminated to both Surfaces of the 
film-form adhesive using a hot roll laminator under condi 
tions at a temperature of 100 C., a pressure of 0.3 MPa and 
a speed of 0.3 m/min, and then cured at a temperature of 
170° C. for one hour. The polyimide films on the both 
surfaces of the sample cut into 10 mm width were individu 
ally Supported, and a T-peel Strength was measured in an 
atmosphere at room temperature at a speed of 50 mm/min in 
the direction of 180 degrees. 

0.174 Further, a storage elastic modulus of the adhesive 
composition obtained by curing the adhesive film at 170° C. 
for one hour was measured by using a dynamic Viscoelas 
ticity measuring machine DVE-V4 (manufactured by Rhe 
ology, trade name) (sample size: length: 20 mm, width: 4 
mm, thickness: 80 um; temperature elevation rate: 5 
C./min, tensile mode; 10 Hz, automatic static loading). As a 
result, it was 370 MPa at 25° C. and 5 MPa at 260° C. 
0.175. Then, Substantially the same procedure as in the 
preparation of Sample 1 was conducted except that Adhesive 
film 1 was changed to Adhesive film 2 to prepare a Semi 
conductor device sample (Sample 2), and the sample was 
evaluated in the same manner as in Sample 1. The results of 
evaluation are shown in Table 1. 

0176 (Sample 3) 
0177 Methyl ethyl ketone was added to Adhesive com 
position 3 comprising 45 parts by weight of a bisphenol A 
type epoxy resin: EPIKOTE 828 (manufactured by Japan 
Epoxy Resins Co., Ltd.; trade name; epoxy equivalent:190), 
15 parts by weight of an o-creSol novolak type epoxy resin: 
ESCN195 (manufactured by Sumitomo Chemical Co., Ltd.; 
trade name; epoxy equivalent: 195), 40 parts by weight of a 
bisphenol A novolak resin: Plyofen LF2882 (manufactured 
by Dainippon Ink & Chemicals, Inc., trade name), 150 parts 
by weight of an epoxy group-containing acrylic rubber: 
HTR-860P-3 (manufactured by Teikoku Chemical Indus 
tries Co., Ltd.; trade name; molecular weight: 1,000,000; Tg: 
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-7 C.), and, as curing agents, 0.5 part by weight of 
1-cyanoethyl-2-phenylimidazole: CureZol 2PZ-CN (manu 
factured by Shikoku Kasei Kogyo Corporation, trade name) 
and 0.7 part by weight of Y-glycidoxypropyltrimethoxysi 
lane: NUC A-187 (trade name; manufactured by Nippon 
Unicar Co., Ltd.), and mixed by stirring, followed by 
Vacuum deaeration. 

0.178 The adhesive varnish was coated onto a release 
treated polyethylene terephthalate film having a thickness of 
75 um, and dried by heating at 140 C. for 5 minutes to form 
a coating film in a B-stage having a thickness of 75 um, thus 
preparing an adhesive film (Adhesive film 3) equipped with 
a Support film. 

0179 When the adhesive film was stored in an atmo 
sphere at 25 C. at 50% RH (a relative humidity), after one 
day, the flow amount was 400 um and the adhesive Strength 
was 600 N/m; after 30 days, the flow amount was 180 um 
and the adhesive strength was 500 N/m; and, after 90 days, 
the flow amount was 30 um and the adhesive strength was 
250 N/m. The flow amount was determined as follows. A 
film-form adhesive having a thickness of 75 um was 
punched out by a 10 mm p punch, and placed at a center 
portion between two sheets of polyethylene terephthalate 
films cut to 25mmx25mm, and pressed under conditions at 
100 C. and 3 MPa for 5 minutes, and then, the size of the 
resultant Sample was measured to determine the difference 
in the radius of the Sample before and after pressing. Also, 
the peel Strength was determined as followS. 50 um poly 
imide films (UPILEX S; manufactured by Ube Industries 
Ltd., trade name) were laminated to both Surfaces of the 
film-form adhesive using a hot roll laminator under condi 
tions at a temperature of 100 C., a pressure of 0.3 MPa and 
a speed of 0.3 m/min, and then cured at a temperature of 
170° C. for one hour. The polyimide films on the both 
surfaces of the sample cut into 10 mm width were individu 
ally Supported, and a T-peel Strength was measured in an 
atmosphere at room temperature at a Speed of 50 mm/min in 
the direction of 180 degrees. 

0180 Further, a storage elastic modulus of the adhesive 
composition obtained by curing the adhesive film at 170° C. 
for one hour was measured by using a dynamic Viscoelas 
ticity measuring machine DVE-V4 (manufactured by Rhe 
ology, trade name) (sample size: length: 20 mm, width: 4 
mm, thickness: 80 um; temperature elevation rate: 5 
C./min, tensile mode; 10 Hz, automatic static loading). As a 
result, it was 360 MPa at 25 C. and 4 MPa at 260° C. 

0181. Then, Substantially the same procedure as in the 
preparation of Sample 1 was conducted except that Adhesive 
film 1 was changed to Adhesive film 3 to prepare a Semi 
conductor device sample (Sample 3), and the sample was 
evaluated in the same manner as in Sample 1. The results of 
evaluation are shown in Table 1. 

0182 (Sample 4) 

0183 Methyl ethyl ketone was added to Adhesive com 
position 4 comprising 45 parts by weight of a bisphenol A 
type epoxy resin: EPIKOTE 828 (manufactured by Japan 
Epoxy Resins Co., Ltd.; trade name; epoxy equivalent:190), 
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15 parts by weight of an o-creSol novolak type epoxy resin: 
ESCN195 (manufactured by Sumitomo Chemical Co., Ltd.; 
trade name; epoxy equivalent: 195), 40 parts by weight of a 
bisphenol A novolak resin: Plyofen LF2882 (manufactured 
by Dainippon Ink & Chemicals, Inc., trade name), 150 parts 
by weight of an acrylic rubber containing no epoxy group: 
HTR-860-3DR(A) (manufactured by Teikoku Chemical 
Industries Co., Ltd., trade name; molecular weight: 1,000, 
000; Tg. -7°C.), and, as curing agents, 0.5 part by weight 
of 1-cyanoethyl-2-phenylimidazole: Curezol 2PZ-CN 
(manufactured by Shikoku Corporation, trade name) and 0.7 
part by weight of y-glycidoxypropyltrimethoxysilane: NUC 
A-187 (nanufactured by Nippon Unicar Co., Ltd., trade 
name), and mixed by Stirring, followed by vacuum deaera 
tion. 

0184 The adhesive varnish was coated onto a release 
treated polyethylene terephthalate film having a thickness of 
75 um, and dried by heating at 140 C. for 5 minutes to form 
a coating film in a B-stage having a thickness of 75 um, thus 
preparing an adhesive film (Adhesive film 4) equipped with 
a Support film. When the adhesive film was stored in an 
atmosphere at 25 C. at 50% RH (a relative humidity), after 
one day, the flow amount was 400 um and the adhesive 
strength was 600 N/m; after 30 days, the flow amount was 
180 um and the adhesive strength was 500 N/m; and, after 
90 days, the flow amount was 30 um and the adhesive 
strength was 250 N/m. The flow amount was determined as 
follows. 

0185. Further, a storage elastic modulus of the adhesive 
composition obtained by curing the adhesive film at 170° C. 
for one hour was measured by using a dynamic Viscoelas 
ticity measuring machine DVE-V4 (manufactured by Rhe 
ology, trade name) (sample size: length: 20 mm, width: 4 
mm, thickness: 80 um; temperature elevation rate: 5 
C./min, tensile mode; 10 Hz, automatic static loading). As a 
result, it was 400 MPa at 25 C. and 1 MPa at 260° C. 

0186 Then, Substantially the same procedure as in the 
preparation of Sample 1 was conducted except that Adhesive 
film 1 was changed to Adhesive film 4 to prepare a Semi 
conductor device sample (Sample 4), and the sample was 
evaluated in the same manner as in Sample 1. The results of 
evaluation are shown in Table 1. 

TABLE 1. 

Sample Sample Sample Sample 
Item 1. 2 3 4 

Compatibility Incom- Incom- Incom- Incom 
patible patible patible patible 

Adhesive film 1. 2 3 4 
S/(v1/2) 3.55 3.55 3.55 3.55 
Volatile 
content (% 
by weight) 

Hot platen: O O 0.55 O.48 
140° C. 
Hot platen: O.O2 O.05 O.64 0.59 
16O C. 
Hot platen: O.O7 O.09 O.90 O.84 
180° C. 
Hot platen: O.30 O42 1.34 1.29 
230° C. 
Hot platen: 0.52 O.56 1.85 1.77 
250° C. 
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TABLE 1-continued 

Sample Sample Sample Sample 
Item 1. 2 3 4 

Hot platen: O.80 O.90 2.60 2.51 
270° C. 
Heat 
resistance 

Reflow O O O X 
crack 
resistance 
Temperature O O O X 
cycle 
resistance 
Moisture resistance O O O O 

0187. From Table 1, it is apparent that the adhesive 
composition of the present invention has a Small volatile 
content and has excellent heat resistance and moisture 
resistance when being in a B-stage. In addition, it is apparent 
that more excellent performance can be obtained by using a 
Solid epoxy resin having a Softening point of 50 C. or more. 
Further, it is apparent that, by using a compound containing 
an epoxy group as a polymer compound, an adhesive 
member, a Substrate for mounting Semiconductor, and a 
Semiconductor device each having more excellent heat resis 
tance can be provided. 

Example 2 
0188 (Sample 5) 
0189 Methyl ethyl ketone was added to a composition 
comprising 45 parts by weight of EPIKOTE 828 (manufac 
tured by Japan Epoxy Resins Co., Ltd., trade name, bisphe 
nol A type epoxy resin; epoxy equivalent: 190), 15 parts by 
weight of ESCN195 (manufactured by Sumitomo Chemical 
Co., Ltd., trade name, creSol novolak type epoxy resin; 
epoxy equivalent: 195), 54.6 parts by weight of Milex 
XLC-LL (manufactured by Mitsui Chemicals, Inc.; trade 
name, Zylok resin; hydroxyl equivalent: 174), 15 parts by 
weight of Pheienot YP-50 (manufactured by Tohto Kasei 
Co., Ltd., trade name, phenoxy resin; molecular weight: 
50,000), 150 parts by weight of HTR-860P-3 (manufactured 
by Teikoku Chemical Industries Co., Ltd., trade name, 
epoxy group-containing acrylic rubber, molecular weight: 
1,000,000; Tg: -7° C), 0.5 part by weight of Curezol 
2PZ-CN (manufactured by Shikoku Kasei Kogyo Corpora 
tion; trade name, 1-cyanoethyl-2-phenylimidazole), and 0.7 
part by weight of NUC A-187 (nanufactured by Nippon 
Unicar Co., Ltd., trade name, Y-glycidoxypropyltrimethoX 
ysilane), and mixed by Stirring, followed by vacuum deaera 
tion. The adhesive varnish was coated onto a release-treated 
polyethylene terephthalate film having a thickness of 75 um, 
and dried by heating to 140 C. for 5 minutes to obtain 
adhesive film (F-1) in a B-stage having a thickness of 75um. 
When the obtained adhesive film was stored in an atmo 
sphere at 25 C. at 50% RH (a relative humidity), after one 
day, the flow amount was 380 um and the adhesive strength 
was 600 N/m; after 30 days, the flow amount was 170 um 
and the adhesive strength was 500 N/m; and, after 90 days, 
the flow amount was 25 um and the adhesive Strength was 
250 N/m. The flow amount was determined as follows. A 
film-form adhesive having a thickness of 75 um was 
punched out by a 10 mm p punch, and placed at a center 
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portion between two sheets of polyethylene terephthalate 
films cut to 25mmx25mm, and pressed under conditions at 
100° C. and 3 MPa for 5 minutes, and then, the size of the 
resultant Sample was measured to determine the difference 
in the radius of the Sample before and after pressing. Also, 
the peel Strength was determined as followS. 50 um poly 
imide films (manufactured by Ube Industries Ltd., trade 
name: UPILEX S) were laminated to both surfaces of the 
film-form adhesive using a hot roll laminator under condi 
tions at a temperature of 100 C., a pressure of 0.3 MPa and 
a speed of 0.3 m/min, and then cured at a temperature of 
170° C. for one hour. The polyimide films (UPILEX) on the 
both surfaces of the sample cut into 10 mm width were 
individually Supported, and a T-peel Strength was measured 
in an atmosphere at room temperature at a Speed of 50 
mm/min in the direction of 180 degrees. Further, a Storage 
elastic modulus of the adhesive composition obtained by 
curing the adhesive film at 170° C. for one hour was 
measured by using a dynamic Viscoelasticity measuring 
machine (manufactured by Rheology, DVE-V4) (sample 
size: length: 20 mm, width: 4 mm, thickness: 80 um; 
temperature elevation rate: 5 C./min; tensile mode: 10 Hz; 
automatic static loading). As a result, it was 400 MPa at 25 
C. and 8 MPa at 260 C. 

0190. In addition, the cross-section of the sample was 
observed through a Scanning type electron microscope. AS a 
result, it was found that a value obtained from the relation 
ship (S/V') between length S of the outer periphery of the 
islands phase and croSS-Sectional area V is 4.5. 
0191 (Sample 6) 
0.192 Methyl ethyl ketone was added to a composition 
comprising 15 parts by weight of YD8125 (manufactured by 
Tohto Kasei Co., Ltd., trade name, bisphenol A type epoxy 
resin; epoxy equivalent: 175), 45 parts by weight of 
YDCN703 (manufactured by Tohto Kasei Co., Ltd.; trade 
name, creSol novolak type epoxy resin, epoxy equivalent: 
210), 52 parts by weight of Milex XLC-LL (manufactured 
by Mitsui Chemicals, Inc., trade name, Zylok resin; hydroxyl 
equivalent: 174), 15 parts by weight of Pheienot YP-50 
(manufactured by Tohto Kasei Co., Ltd., trade name, phe 
noxy resin; molecular weight: 50,000), 150 parts by weight 
of HTR-860P-3 (manufactured by Teikoku Chemical Indus 
tries Co., Ltd., trade name, epoxy group-containing acrylic 
rubber; molecular weight: 1,000,000; Tg: -7° C), 0.5 part 
by weight of Curezol 2PZ-CN (manufactured by Shikoku 
Kasei Kogyo Corporation; trade name, 1-cyanoethyl-2-phe 
nylimidazole), and 0.7 part by weight of NUC A-187 
(manufactured by Nippon Unicar Co., Ltd.; trade name, 
Y-glycidoxypropyltrimethoxysilane), and mixed by Stirring, 
followed by vacuum deaeration. The resultant adhesive 
Varnish was coated onto a release-treated polyethylene 
terephthalate film having a thickness of 75um, and dried by 
heating at 140 C. for 5 minutes to obtain Adhesive film 
(F-2) in a B-stage having a thickness of 75 um. When the 
obtained adhesive film was stored in an atmosphere at 25 C. 
at 50% RH (a relative humidity), after one day, the flow 
amount was 400 um and the adhesive strength was 620 N/m; 
after 30 days, the flow amount was 180 um and the adhesive 
strength was 510 N/m; and, after 90 days, the flow amount 
was 30 um and the adhesive strength was 280 N/m. The flow 
amount was determined as follows. A film-form adhesive 
having a thickness of 75 um was punched out by a 10 mm 
(p punch, and placed at a center portion between two sheets 
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of polyethylene terephthalate films cut to 25 mmx25 mm, 
and pressed under conditions at 100° C. and 3 MPa for 5 
minutes, and then, the size of the resultant Sample was 
measured to determine the difference in the radius of the 
Sample before and after pressing. Also, the peel Strength was 
determined as follows. 50 um polyimide films (manufac 
tured by Ube Industries Ltd., trade name: UPILEX S) were 
laminated to both surfaces of the film-form adhesive using 
a hot roll laminator under conditions at a temperature of 
100 C., a pressure of 0.3 MPa and a speed of 0.3 m/min, and 
then cured at a temperature of 170° C. for one hour. The 
polyimide films (UPILEX) on the both surfaces of the 
Sample cut into 10 mm width were individually Supported, 
and a T-peel Strength was measured in an atmosphere at 
room temperature at a Speed of 50 mm/min in the direction 
of 180 degrees. Further, a Storage elastic modulus of the 
adhesive composition obtained by curing the adhesive film 
at 170° C. for one hour was measured by using a dynamic 
Viscoelasticity measuring machine (manufactured by Rhe 
ology, DVE-V4) (sample size: length: 20 mm, width: 4 mm, 
thickness: 80 um; temperature elevation rate: 5 C./min; 
tensile mode: 10 Hz, automatic Static loading). As a result, 
it was 420 MPa at 25 C. and 10 MPa at 260 C. 

0193 (Sample 7) 
0194 Methyl ethyl ketone was added to a composition 
comprising 15 parts by weight of YD8125 (manufactured by 
Tohto Kasei Co., Ltd., trade name, bisphenol A type epoxy 
resin; epoxy equivalent: 175), 45 parts by weight of 
YDCN703 (manufactured by Tohto Kasei Co., Ltd.; trade 
name, creSol novolak type epoxy resin; epoxy equivalent: 
210), 50 parts by weight of Milex XLC-4L (manufactured by 
Mitsui Chemicals, Inc., trade name, Zylok resin; hydroxyl 
equivalent: 169), 15 parts by weight of Pheienot YP-50 
(manufactured by Tohto Kasei Co., Ltd., trade name, phe 
noxy resin; molecular weight: 50,000), 150 parts by weight 
of HTR-860P-3 (manufactured by Teikoku Chemical Indus 
tries Co., Ltd., trade name, epoxy group-containing acrylic 
rubber; molecular weight: 1,000,000; Tg: -7° C), 0.5 part 
by weight of Curezol2PZ-CN (trade name, manufactured by 
Shikoku Kasei Kogyo Corporation, 1-cyanoethyl-2-phe 
nylimidazole), and 0.7 part by weight of NUCA-187 (trade 
name, manufactured by Nippon Unicar Co., Ltd., Y-glyci 
doxypropyltrimethoxysilane), and mixed by Stirring, fol 
lowed by vacuum deaeration. The adhesive varnish was 
coated onto a release-treated polyethylene terephthalate film 
having a thickness of 75 um, and dried by heating at 140 C. 
for 5 minutes to obtain Adhesive film (F-3) in a B-stage 
having a thickness of 75 lum. When the obtained adhesive 
film was stored in an atmosphere at 25 C. at 50% RH (a 
relative humidity), after one day, the flow amount was 3,700 
lum and the adhesive strength was 580 N/m; after 30 days, 
the flow amount was 150 um and the adhesive strength was 
480 N/m; and, after 90 days, the flow amount was 23 um and 
the adhesive strength was 250 N/m. The flow amount was 
determined as follows. A film-form adhesive having a thick 
neSS of 75 um was punched out by a 10 mm (p punch, and 
placed at a center portion between two sheets of polyethyl 
ene terephthalate films cut to 25 mmx25 mm, and pressed 
under conditions at 100° C. and 3 MPa for 5 minutes, and 
then, the size of the resultant Sample was measured to 
determine the difference in the radius of the sample before 
and after pressing. Also, the peel Strength was determined as 
follows. 50 um polyimide films (manufactured by Ube 
Industries Ltd., trade name: UPILEX S) were laminated to 
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both surfaces of the film-form adhesive using a hot roll 
laminator under conditions at a temperature of 100° C., a 
pressure of 0.3 MPa and a speed of 0.3 m/min, and then 
cured at a temperature of 170° C. for one hour. The poly 
imide films (UPILEX) on the both surfaces of the sample cut 
into 10 mm width were individually supported, and a T-peel 
Strength was measured in an atmosphere at room tempera 
ture at a speed of 50 mm/min in the direction of 180 degrees. 
Further, a storage elastic modulus of the adhesive compo 
sition obtained by curing the adhesive film at 170° C. for one 
hour was measured by using a dynamic Viscoelasticity 
measuring machine (manufactured by Rheology, DVE-V4) 
(sample size: length: 20 mm, width: 4 mm, thickness: 80 um; 
temperature elevation rate: 5 C./min; tensile mode: 10 Hz; 
automatic static loading). As a result, it was 360 MPa at 25 
C. and 7 MPa at 260 C. 

0195 (Sample 8) 
0196) Substantially the same procedure as in the prepa 
ration of Sample 5 was conducted except that, instead of 
54.6 parts by weight of Milex XLC-LL, 37 parts by weight 
of Plyofen LF2882 (manufactured by Dainippon Ink & 
Chemicals, Inc., trade name, bisphenol A novolak resin; 
hydroxyl equivalent: 118) was used to obtain Adhesive film 
(F-4) in a B-stage having a thickness of 75 um. Properties of 
the adhesive film were evaluated under the same conditions 
as those in Example 1. As a result, it was found that, after 
one day, the flow amount was 380 um and the adhesive 
strength was 600 N/m; after 30 days, the flow amount was 
180 um and the adhesive strength was 500 N/m; and, after 
90 days, the flow amount was 30 um and the adhesive 
strength was 250 N/m. Further, a storage elastic modulus of 
the cured product of the adhesive was 360 MPa at 25 C. and 
4 MPa at 260° C. 

0197) (Sample 9) 
0198 Substantially the same procedure as in the prepa 
ration of Sample 6 was conducted except that, instead of 52 

Item 

Compatibility 

Adhesive film 
Volatile 
content 

(% by 
weight) 

Hot platen: 
140° C. 
Hot platen: 
16O C. 
Hot platen: 
180° C. 
Hot platen: 
230° C. 
Hot platen: 
140° C. 
Hot platen: 
16O C. 

parts by weight of Milex XLC-LL, 35 parts by weight of 
Plyofen LF2882 (manufactured by Dainippon Ink & Chemi 
cals, Inc., trade name, bisphenol A novolak resin, hydroxyl 
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equivalent: 118) was used to obtain Adhesive film (F-5) in 
a B-stage having a thickness of 75um. With respect to the 
obtained adhesive film, properties were evaluated under the 
Same conditions as those in Example 1. As a result, it was 
found that, after one day, the flow amount was 500 um and 
the adhesive strength was 750 N/m; after 30 days, the flow 
amount was 250 um and the adhesive strength was 600 N/m; 
and, after 90 days, the flow amount was 40 um and the 
adhesive strength was 450 N/m. Further, a storage elastic 
modulus of the cured product of the adhesive was 350 MPa 
at 25 C. and 4 MPa at 260 C. 

0199 (Sample 10) 
0200 Substantially the same procedure as in the prepa 
ration of Sample 5 was conducted except that, instead of the 
epoxy group-containing acrylic rubber, HTR-860P-3, manu 
factured by Teikoku Chemical Industries Co., Ltd., an 
acrylic rubber containing no epoxy group (molecular 
weight: 1,000,000) and having a composition such that 
glycidyl methacrylate is removed from HTR-86OP-3 was 
used to obtain Adhesive film (F-6) in a B-stage having a 
thickness of 75 lum. Properties of the adhesive film were 
evaluated under the same conditions as those in Example 1. 
AS a result, it was found that, after one day, the flow amount 
was 400 um and the adhesive strength was 600 N/m; after 30 
days, the flow amount was 180 um and the adhesive Strength 
was 500 N/m; and, after 90 days, the flow amount was 30 um 
and the adhesive strength was 250 N/m. Further, a storage 
elastic modulus of the cured product of the adhesive was 400 
MPa at 25 C. and 1 MPa at 260 C. 

0201 Adhesive films (F-1) to (F-6) in a B-stage obtained 
in the preparations of Samples 5 to 10 were individually 
allowed to Stand for 2 minutes on a hot platen heated to a 
predetermined temperature, and the difference in the weight 
of the film between before and after heating was determined 
to calculate a volatile content according to the formula 
shown in Example 1. The results are shown in Table 2. 

TABLE 2 

Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 

Incom- Incom- Incom- Incom- Incom- Incom 
patible patible patible patible patible patible 
F-1 F-2 F-3 F-4 F-5 F-6 

O O O 0.55 O.48 O 

O O O O.64 0.59 O 

O.O1 O O O.90 O.84 O.08 

O.05 O.O1 O.O2 1.34 1.29 O.09 

O O O 0.55 O.48 O 

O O O O.64 0.59 O 

0202 Also, Adhesive films (F-1) to (F-6) in a B-stage 
obtained in the preparations of Samples 5 to 10 were 
individually laminated using a hot roll laminator under 
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conditions at a temperature of 110°C., a pressure of 0.3 MPa 
and a Speed of 0.3 m/min to prepare adhesive members each 
having a thickness of 150 um in a single-layer film form. 

0203 By using the obtained adhesive member, a semi 
conductor chip and a wiring board using a polyimide film 
having a thickness of 25 um as a base material were 
laminated together to prepare a Semiconductor device 
Sample (having Solder balls formed on one Surface thereof), 
and the heat resistance, flame retardancy and moisture 
resistance were examined. AS the evaluation method for heat 
resistance, an evaluation of reflow crack resistance and a 
temperature cycle test were used. The evaluation of the 
reflow crack resistance was made as follows. A Sample was 
Subjected to moisture absorption under predetermined con 
ditions (85 C./85%/168 hours), and placed in an IR reflow 
furnace in which the temperature was adjusted So that the 
maximum temperature of the sample Surface became 240 
C. and this temperature was kept for 20 Seconds, and then 
cooled by allowing the Sample to Stand at room temperature. 
The Sequence of above treatments was repeated three times, 
and then the resultant Sample was observed through an 
ultraSonic microScope in respect of crack and peeling 
between the different materials. A Sample in which no crack 
or peeling was observed was rated “O'”, and a sample in 
which a crack or peeling was observed was rated “X”. The 
evaluation of the temperature cycle resistance was made as 
follows. A Sample was allowed to Stand in an atmosphere at 
-55 C. for 30 minutes and then stand in an atmosphere at 
125 C. for 30 minutes. The sequence of the above treat 
ments was repeated 1,000 cycles, and then the resultant 
Sample was observed through an ultraSonic microscope in 
respect of damage Such as an occurrence of peeling or crack. 
A sample in which no damage was observed was rated “O'”, 
and a Sample in which a damage was observed was rated 
“X”. In addition, the evaluation of the moisture resistance 
was made as follows. A Sample was treated in an atmosphere 
at a temperature of 121° C. at a humidity of 100% at 
2.03x10 Pa (pressure cooker test, PCT treatment) for 72 
hours, and then the resultant Sample was observed in respect 
of peeling. A Sample in which no peeling was recognized in 
the adhesive member was rated “O'”, and a sample in which 
peeling was recognized in the adhesive member was rated 
“X”. The results are shown in Table 3. 

TABLE 3 

Sample Sample Sample Sample Sample Sample 
Item 5 6 7 8 9 1O 

Adhesive film F-1 F-2 F-3 F-4 F-5 F-6 
Heat 
resistance 

Reflow O O O O O X 
crack 
resistance 
Temperature O O O O O X 
cycle 
resistance 
Humidity O O O O O O 
resistance 

0204 AS can be clearly seen from the results in Table 2 
and Table 3, it can be understood that an adhesive member 
which can further Suppress the volatile content during the 
use can be formed by using a phenolic resin having a 
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hydroxyl equivalent of 150 g/eq or more as a curing agent. 
Also, it can be understood that an adhesive member, a 
Substrate for mounting Semiconductor, and a Semiconductor 
device each having more excellent heat resistance can be 
provided by using a compound containing an epoxy group as 
a polymer compound. 

Example 3 
0205 (Sample 11) 
0206 Cyclohexane was added to a composition compris 
ing 55 parts by weight of YDCN-703 (manufactured by 
Tohto Kasei Co., Ltd., trade name, creSol novolak type 
epoxy resin; epoxy equivalent: 210) as an epoxy resin, 45 
parts by weight of Milex XLC-LL (manufactured by Mitsui 
Chemicals, Inc., trade name, phenolic resin; hydroxyl 
equivalent: 175; water absorption: 1.8%; weight loss by 
heating at 350° C.: 4%) as a phenolic resin, 1.7 part by 
weight of NUCA-189 (manufactured by Nippon Unicar Co., 
Ltd.; trade name, Y-mercaptopropyltrimethoxysilane) and 
3.2 parts by weight of NUC A-1160 (manufactured by 
Nippon Unicar Co., Ltd., trade name, Y-ureidopropyltri 
ethoxysilane) as Silane coupling agents, and 32 parts by 
weight of Aerosil R972 (a filler having an organic group 
Such as a methyl group, on a Surface thereof obtained by 
coating the Silica Surface with dimethyldichlorosilane and 
hydrolyzing the resultant silica in a reactor at 400° C.; 
manufactured by Nippon Aerosil Co., Ltd., trade name, 
Silica; average particle diameter: 0.016 um) as a filler, and 
mixed by Stirring, and further kneaded by means of a beads 
mill for 90 minutes. To the resultant mixture were added 280 
parts by weight of an acrylic rubber containing 3% by 
weight of glycidyl acrylate or glycidyl methacrylate, HTR 
860P-3 (manufactured by Teikoku Chemical Industries Co., 
Ltd., trade name, weight average molecular weight: 800, 
000) and 0.5 part by weight of Curezol 2PZ-CN (manufac 
tured by Shikoku Kasei Kogyo Corporation; trade name, 
1-cyanoethyl-2-phenylimidazole) as a curing accelerator, 
and mixed by Stirring, followed by vacuum deaeration. The 
Varnish was coated onto a release-treated polyethylene 
terephthalate film having a thickness of 75um, and dried by 
heating at 140 C. for 5 minutes to form a coating film in a 
B-stage having a thickness of 75 um, thus preparing an 
adhesive film equipped with a Support film. 
0207 (Sample 12) 
0208 Completely the same procedure as in the prepara 
tion of Sample 11 was conducted except that, instead of 55 
parts by weight of YDCN-703, 51 parts by weight of EPON 
1031S (trade name, manufactured by Japan Epoxy Resins 
Co., Ltd., polyfunctional epoxy resin; epoxy equivalent: 
200) was used to prepare an adhesive film. 
0209 (Sample 13) 
0210 Completely the same procedure as in the prepara 
tion of Sample 11 was conducted except that, instead of 45 
parts by weight of Milex XLC-LL, 43 parts by weight of 
Milex XLC-4L (manufactured by Mitsui Chemicals, Inc.; 
trade name, phenolic resin; hydroxyl equivalent: 169; water 
absorption: 1.6%; weight loss by heating at 350° C.: 4%) 
was used to prepare an adhesive film. 
0211 (Sample 14) 
0212 Completely the same procedure as in the prepara 
tion of Sample 11 was conducted except that, instead of 45 
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parts by weight of Milex XLC-LL, 37 parts by weight of 
Plyofen LF2882 (manufactured by Dainippon Ink & Chemi 
cals, Inc., trade name, bisphenol A novolak rein; hydroxyl 
equivalent: 118; water absorption: 4.4%; weight loss by 
heating at 350° C.: 18%) was used to prepare an adhesive 
film. 

0213 (Comparative Sample 1) 
0214) Completely the same procedure as in the prepara 
tion of Sample 11 was conducted except that a bisphenol A 
type bifunctional epoxy resin (YD8125, manufactured by 
Tohto Kasei Co., Ltd.) was used as an epoxy resin to prepare 
an adhesive film. Incidentally, the mixture varnish compris 
ing the epoxy resin and the rubber was cast onto a protecting 
film and dried at 90° C. for 30 minutes to prepare a film (50 
um in thickness). Transmittance of a visible light (600 nm) 
of the film was 60%, and it was compatible. 
0215. With respect to the obtained adhesive films, the 
tests mentioned below were conducted. The results are 
shown in Table 4. 

0216) (Measurement Method for Peel Strength) 
0217 50 um polyimide films were laminated on both 
surfaces of the adhesive film by means of a hot roll laminator 
(80° C., 0.3 m/min, 0.3 MPa), and cured at 170° C. for one 
hour. The laminated cured product was cut into 10 mm width 
to prepare a Sample for evaluation. By using Tensilon, 
Model UTM-4-100, manufactured by TOYO BALWIN, a 
value when the Sample was Subjected to peeling at an angle 
of 180 at a tensile speed of 50 mm/min was measured. The 
value was a simple average value of three Samples. 

0218 (Measurement Method for Elastic Modulus) 
0219) An adhesive film having an initial length (L) was 
prepared, and placed in a thermostatic chamber at 240 C. in 
a State that a constant load (W) was applied thereto. An 
amount of elongation (AL) and a cross-sectional area (S) of 
the adhesive film after placing in the chamber were deter 
mined and an elastic modulus in tensile (E') was calculated 
from the following formula: 

E'-L WI(ALS). 

0220 (Reflow Resistance Test) 
0221) A Semiconductor chip and a wiring board using a 
polyimide film having a thickness of 25 um as a base 
material were laminated onto the adhesive film and cured to 
prepare a Semiconductor device Sample. In accordance with 
JEDEC standard J-STD-020A, the prepared semiconductor 
device sample was passed three times through an IR reflow 
furnace in which the temperature was adjusted So that the 
maximum temperature of the sample Surface became 245 
C., 260 C. or 265 C. The resultant sample was observed by 
Visual examination and through an ultraSonic microscope in 
respect of peeling. A Sample in which peeling with a 
diameter of 1 mm or more was not observed was rated “O'”, 
and a Sample in which Such peeling was observed was rated 
“X”. 

0222 (Soldering Heat Resistance Test) 
0223 Polyimide films each having a thickness of 50 lum 
were laminated on both Surfaces of the obtained adhesive 
film using a hot roll laminator under conditions at a tem 
perature of 80 C., a pressure of 0.3 MPa and a speed of 0.3 
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m/min, and then cured at 170° C. for one hour. Several 
specimens of 30 mmx30 mm were prepared from the 
resultant Sample, and examined with respect to the heat 
resistance. The evaluation method for the heat resistance 
was conducted by a test for resistance to Soldering heat after 
absorbing moisture as follows. A Sample was allowed to 
stand for 48 hours in an environment at 85 C. at a relative 
humidity of 85%, and then placed in a solder bath at 240 C. 
to 280 C. The resultant sample was examined whether or 
not an unfavorable phenomenon Such as blistering, occurred 
until 120 seconds. An adhesive film for which an unfavor 
able phenomenon was observed in all the Samples was rated 
“X”, an adhesive film for which an unfavorable phenom 
enon was observed in a Sample and unfavorable phenom 
enon was not observed in another was rated “A”, and an 
adhesive film for which unfavorable phenomenon was not 
observed in any of the samples was rated “O'”. 
0224) (PCT Resistance Test) 
0225. The evaluation for the PCT resistance was carried 
out by observing the presence or absence of peeling of the 
adhesive member after placing it in an atmosphere at a 
temperature of 121 C., a humidity of 100% and at 2 atm. 
(pressure cooker test; PCT treatment) for 168 hours. 
0226 (Analysis of Islands-in-Sea Structure) 
0227 For determining the ratio of the volume VA of the 

filler contained in the epoxy resin phase to the volume VB 
of the filler contained in the rubber component phase after 
being cured, the cross-section of the film was observed 
through a Scanning type electron microscope, and, with 
respect to each of the regions comprised mainly of A and B, 
respectively, a peak of the atoms which constitute the filler 
is measured by means of an XMA. From the height ratio 
between these peaks, VA/VB is determined. 

0228. Also, the islands-in-sea structure was observed by 
investigating the cross-section of the cured product through 
a Scanning type electron microscope to measure a value of 
the relationship (S/V') between the length S of the outer 
periphery of the islands phase and the cross-sectional area V. 

TABLE 4 

Sample Sample Sample Sample Comparative 
Evaluation 11 12 13 14 Sample 1 

Peel strength 108 74 110 42 11 
(N/m) 
240° C. 
Elastic 2.9 3.6 2.8 2.4 3.8 

modulus (MPa) 
240° C. 
Soldering 
heat 
resistance 

240° C. O O O O X 
26O C. O O O A X 
280° C. O A O A X 
PCT resistance O O O X X 
Compatibility Incom- Incom- Incom- Incom- Com 

patible patible patible patible patible 
VA/VB 1.1 1.O 1.1 1.1 1.1 
S/V1/2 3.7 3.8 3.8 3.8 3.7 
Softening point of 8O 90 8O 8O 20 to 40 
Epoxy resin ( C.) 
Water absorption of 18 18 1.6 4.4 1.8 
Phenolic resin (%) 
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TABLE 4-continued 

Sample Sample Sample Sample Comparative 
Evaluation 11 12 13 14 Sample 1 

Weight loss 4 4 4 18 4 
(350° C) 9% 
Reflow 
resistance 

245° C. O O O O X 
260° C. O O O X X 
265 C. O O O X X 

0229 AS can be seen from Table 4, the adhesive films in 
Samples 11 to 13 each prepared by using the phenolic resin 
of formula (I) of the present invention have especially 
excellent peel Strength, as compared to the film in Com 
parative Sample 1, and it can be clearly understood that that 
the Semiconductor devices prepared by using these adhesive 
films are good in both of resistance to Soldering heat after 
absorbing moisture and PCT resistance. 

Example 4 

0230 (Sample 15) 
0231 Methyl ethyl ketone was added to a composition 
comprising 45 parts by weight of a bisphenol A type epoxy 
resin (epoxy equivalent: 190, EPIKOTE 828, manufactured 
by Japan Epoxy Resins Co., Ltd. was used) and 15 parts by 
Weight of a creSol novolak type epoxy resin (epoxy equiva 
lent: 195, ESCN195, manufactured by Sumitomo Chemical 
Co., Ltd. was used) as epoxy resins, 40 parts by weight of 
a phenolic novolak resin (Plyofen LF2882, manufactured by 
Dainippon Ink & Chemicals, Inc. was used) as a curing 
agent for the epoxy resins, 0.7 part by weight of y-glyci 
doxypropyltrimethoxysilane (NUCA-187 manufactured by 
Nippon Unicar Co., Ltd. was used) as a silane coupling 
agent, and 10 parts by weight of silica filler (NanoTek SiO, 
manufactured by C. I. KASEICO.,LTD. was used; contact 
angle with water: 43 degrees, average particle diameter: 
0.012 um), and mixed by stirring, and further kneaded by 
means of a beads mill for 90 minutes. To the resultant 
mixture were added 150 parts by weight of an acrylic rubber 
containing 2 to 6% by weight of glycidyl acrylate or glycidyl 
methacrylate and having a weight average molecular weight 
of 100,000 or more (molecular weight: 1,000,000, HTR 
860P-3 manufactured by Teikoku Chemical Industries Co., 
Ltd. was used) and 0.5 part by weight of 1-cyanoethyl-2- 
phenylimidazole (Curezol. 2PZ-CN, manufactured by 
Shikoku Kasei Kogyo Corporation was used) as a curing 
accelerator, and mixed by means of a stirring motor for 30 
minutes to obtain a varnish. The varnish was coated onto a 
release-treated polyethylene terephthalate film having a 
thickness of 75 lum, and dried by heating to 140 C. for 5 
minutes to form a coating film in a B-stage having a 
thickness of 75 um, thus preparing an adhesive film 
equipped with a Support film. 
0232 (Sample 16) 
0233 Methyl ethyl ketone was added to a composition 
comprising 60 parts by weight of a creSol novolak type 
epoxy resin (epoxy equivalent: 210, YDCN-703 manufac 
tured by Tohto Kasei Co., Ltd. was used) as an epoxy resin, 
40 parts by weight of a phenolic novolak resin (Plyofen 
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LF2882 manufactured by Dainippon Ink & Chemicals, Inc. 
was used) as a curing agent for the epoxy resin, 200 parts by 
weight of an acrylic rubber containing 2 to 6% by weight of 
glycidyl acrylate or glycidyl methacrylate (weight average 
molecular weight: 1,000,000, HTR-860P-3 manufactured by 
Teikoku Chemical Industries Co., Ltd. was used), 0.5 part by 
weight of 1-cyanoethyl-2-phenylimidazole (Curezol. 2PZ 
CN was used) as a curing accelerator, 0.7 part by weight of 
Y-ureidopropyltriethoxysilane (NUC A-1160 manufactured 
by Nippon Unicar Co., Ltd. was used) as a silane coupling 
agent, and 10 parts by weight of silica filler (NanoTek SiO, 
manufactured by C. I. KASEICO.,LTD. was used; contact 
angle with water: 43 degrees, average particle diameter: 
0.012 um), and mixed by stirring, and further kneaded by 
means of a beads mill, followed by vacuum deaeration. The 
Varnish was coated onto a release-treated polyethylene 
terephthalate film having a thickness of 75um, and dried by 
heating to 140 C. for 5 minutes to form a coating film in a 
B-stage having a thickness of 75 um, thus preparing an 
adhesive film equipped with a Support film. 
0234 (Sample 17) 
0235 Substantially the same procedure as in the prepa 
ration of Sample 15 was conducted except that 15 parts by 
weight of silica (Aerosil 50 manufactured by Nippon Aerosil 
Co., Ltd., contact angle: 95 degrees, average particle diam 
eter: 0.03 um) was used as a filler to prepare an adhesive 
film. 

0236 (Sample 18) 
0237 Substantially the same procedure as in the prepa 
ration of Sample 15 was conducted except that 15 parts by 
weight of diantimony trioxide (PATOX-U manufactured by 
Nihon Mining & Concentrating Co., Ltd., contact angle with 
water: 43 degrees; average particle diameter: 0.02 um) was 
used as a filler to prepare an adhesive film. 
0238 When the sample was observed through a scanning 
type electron microscope with respect to VA/VB in the same 
manner as in Example 3, it was 2.5. 
0239 (Sample 19) 
0240 Substantially the same procedure as in the prepa 
ration of Sample 15 was conducted except that 15 parts by 
weight of diantimony trioxide (PATOX-HS manufactured by 
Nihon Mining & Concentrating Co., Ltd., contact angle with 
water: 43 degrees; average particle diameter: 5 um) was 
used as a filler to prepare an adhesive film. 
0241 When the sample was observed through a scanning 
type electron microscope with respect to S/V' in the same 
manner as in Example 3, it was 4.0. 
0242 (Sample 20) 
0243 Substantially the same procedure as in the prepa 
ration of Sample 15 was conducted except that Silica filler, 
Aerosil R972, manufactured by Nippon Aerosil Co., Ltd. (a 
filler having an organic group Such as a methyl group, on a 
Surface thereof obtained by coating the Silica Surface with 
dimethyldichlorosilane and hydrolyzing the resultant Silica 
in a reactor at 400 C.; contact angle with water: 160 
degrees; average particle diameter: 0.02 um) was used as a 
filler to prepare an adhesive film. 
0244 Polyimide films each having a thickness of 50 lum 
were laminated on both Surfaces of the obtained adhesive 
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film using a hot roll laminator under conditions at a tem 
perature of 80 C., a pressure of 0.3 MPa and a speed of 0.3 
m/min, and then cured at 170° C. for one hour. The resultant 
Sample was examined with respect to the heat resistance. 
The evaluation method for the heat resistance was conducted 
by a test for resistance to Soldering heat after absorbing 
moisture as follows. A sample was allowed to stand for 48 
hours in an environment at a temperature of 85 C., a relative 
humidity of 85%, and then placed in a solder bath at 240 C. 
A sample in which blistering was observed less than 40 
Seconds was rated “X”, a Sample in which blistering was 
observed 40 seconds or more to less than 120 seconds was 
rated "O", and a sample in which no blistering was 
observed in 120 seconds or more was rated “O'”. 

0245. The evaluation for the moisture resistance was 
made as follows. A Sample was placed in an atmosphere at 
a temperature of 121 C., a humidity of 100% and at 2 atm. 
(pressure cooker test; PCT treatment), and then, observed 
every 100 hours in respect of peeling of the adhesive 
member. A Sample in which no peeling was observed in the 
adhesive member was rated “O'”, and a sample in which 
peeling was observed in the adhesive member was rated 
“X”. The results are shown in Table 5. 

TABLE 5 

Sample Sample Sample Sample Sample Sample 
15 16 17 18 19 2O 

Incom- Incom- Incom- Incom- Incom- Incom 
patible patible patible patible patible patible 
O O O O O O 

Compatibility 

Soldering heat 
resistance 
after moisture 
absorption 
PCT 100 hr O O O O O O 
PCT 200 hr O O O O O O 
PCT 300 hr O O O O O O 
PCT 400hr O O O X X X 

0246 Samples 15 to 19 are adhesive films using an 
inorganic filler having a contact angle with water of 100 
degrees or less, and the Semiconductor device produced by 
using these adhesive films were good both in resistance to 
Soldering heat after absorbing moisture and PCT resistance. 
Sample 18 using a filler having an average particle diameter 
of 0.02 um has good PCT resistance as compared to Sample 
19 using a filler having an average particle diameter of 5 um. 
Sample 20 is a Sample in which a filler having a large contact 
angle with water was used. 

Example 5 

0247 (Sample 21) 
0248 Methyl ethyl ketone was added to a resin compris 
ing 45 parts by weight of a bisphenol A type epoxy resin 
(epoxy equivalent: 190, EPIKOTE 828 manufactured by 
Japan Epoxy Resins Co., Ltd. was used) and 151 parts by 
weight of a cresol novolak type epoxy resin (epoxy equiva 
lent: 195, ESCN195 manufactured by Sumitomo Chemical 
Co., Ltd. was used) as epoxy resins, and 40 parts by weight 
of a phenolic novolak resin (Plyofen LF2882 manufactured 
by Dainippon Ink & Chemicals, Inc. was used) as a curing 
agent for the epoxy resins, was added 10 parts by weight of 
antimony oxide filler having an average particle diameter of 
0.02 um (PATOX-U manufactured by Nihon Mining & 
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Concentrating Co., Ltd. was used), and then, 0.7 part by 
weight of Y-glycidoxypropyltrimethoxysilane (NUCA-187 
manufactured by Nippon Unicar Co., Ltd. was used) as a 
Silane coupling agent, and mixed by Stirring, and further 
kneaded by means of a beads mill for 90 minutes. To the 
resultant mixture were added 150 parts by weight of an 
acrylic rubber containing 2 to 6% by weight of glycidyl 
acrylate or glycidyl methacrylate and having a weight aver 
age molecular weight of 100,000 or more (molecular 
weight:1,000,000, HTR-860P-3 manufactured by Teikoku 
Chemical Industries Co., Ltd. was used) and 0.5 part by 
weight of 1-cyanoethyl-2-phenylimidazole (Curezol. 2PZ 
CN manufactured by Shikoku Kasei Kogyo Corporation was 
used) as a curing accelerator, and mixed by means of a 
stirring motor for 30 minutes to obtain a varnish. The varnish 
was coated onto a release-treated polyethylene terephthalate 
film having a thickness of 75 tim, and dried by heating at 
140 C. for 5 minutes to form a coating film in a B-stage 
having a thickness of 75 um, thus preparing an adhesive film 
equipped with a Support film. The cross-section of the 
prepared film was observed through a Scanning type electron 
microScope. As a result, islands comprised of the epoxy 
resin having a diameter of 1 um and a Sea comprised of the 
rubber were observed. The ratio (VA/VB) of the amount VA 
of antimony atoms in the islands portion to the amount VB 
of antimony atoms in the Sea portion was analyzed by means 
of an XMA, and it was found to be 3. Also, when S/V' of 
the Sample was observed through a Scanning type electron 
microScope in the same manner as in Example 3, it was 4.1. 
0249 (Sample 22) 
0250) Substantially the same procedure as in the prepa 
ration of Sample 21 was conducted except that the epoxy 
resin and the rubber were firstly mixed together and then the 
filler was added thereto to prepare a film. From an analysis 
by means of an XMA, it was found that VA/VB is 1.1. Also, 
when S/V' of the sample was observed through a scanning 
type electron microScope in the Same manner as in Example 
3, it was 4.0. 
0251 Polyimide films each having a thickness of 50 lum 
were laminated on both Surfaces of each of the adhesive 
films in Samples 21 and 22 using a hot roll laminator under 
conditions at a temperature of 80 C., a pressure of 0.3 MPa 
and a speed of 0.3 m/min, and then cured at 170° C. for one 
hour. The resultant Sample was examined with respect to the 
heat resistance and PCT resistance. The evaluation method 
for the heat resistance was conducted by a test for resistance 
to Soldering heat after absorbing moisture as follows. A 
Sample was allowed to Stand for 48 hours in an environment 
at 85 C/a relative humidity of 85%, and then placed in a 
solder bath at 240° C. A sample in which blistering was 
observed less than 40 seconds was rated “X”, a sample in 
which blistering was observed 40 seconds or more to less 
than 120 seconds was rated “O'”, and a sample in which no 
blistering was observed in 120 Seconds or more was rated 
“O'”. In addition, the evaluation for the moisture resistance 
was made as follows. A Sample was placed in an atmosphere 
at a temperature of 121 C., a humidity of 100% and at 2 
atm. (pressure cooker test, PCT treatment), and then, 
observed every 100 hours in respect of peeling of the 
adhesive member. A Sample in which no peeling was 
observed in the adhesive member was rated “O'”, and a 
Sample in which peeling was observed in the adhesive 
member was rated “X”. The results are shown in Table 6. 
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TABLE 6 

Sample 21 Sample 22 

Compatibility Incompatible Incompatible 
Soldering heat C3 
resistance after 

moisture absorption 
PCT 100 hr 
PCT 200 hr 
PCT300 hr 
PCT 400 hr 

0252 From the above, it can be understood that, by 
preliminarily mixing the epoxy resin with the filler, a larger 
amount of the filler can be incorporated into the epoxy resin 
phase, whereby making it possible to improve the heat 
resistance and moisture resistance as well as reliability. 

Example 6 
0253) (Sample 23) 
0254 Methyl ethyl ketone was added to a composition 
comprising 17.2 g of a bisphenol A type epoxy resin (epoxy 
equivalent: 190, EPIKOTE 828 manufactured by Yuka Shell 
Epoxy Co., Ltd. was used) and 5.8g of a creSol novolak type 
epoxy resin (epoxy equivalent: 195, ESCN195 manufac 
tured by Sumitomo Chemical Co., Ltd. was used) as epoxy 
resins, 15.3 g of a phenolic novolak resin (Plyofen LF2882 
manufactured by Dainippon Ink & Chemicals, Inc. was 
used) as a curing agent for the epoxy resins, 0.2 g of 
Y-glycidoxypropyltrimethoxysilane (NUCA-187 manufac 
tured by Nippon Unicar Co., Ltd. was used) as a silane 
coupling agent, and 3.8 g of Silica filler (NanoTek SiO2 
(average particle diameter: 0.012 um) manufactured by C. I. 
KASEI CO., LTD. was used), and mixed by stirring, and 
further kneaded by means of a beads mill for 90 minutes. 
0255 To the resultant mixture were added 57.5 g of an 
epoxy-containing acrylic rubber (weight average molecular 
weight: about 700,000, HTR-860P-3 manufactured by 
Teikoku Chemical Industries Co., Ltd. was used) and 0.2g 
of 1-cyanoethyl-2-phenylimidazole (Curezol. 2PZ-CN 
manufactured by Shikoku Corporation was used) as a curing 
accelerator, and mixed by means of a stirring motor for 30 
minutes. The resultant varnish was coated onto a release 
treated polyethylene terephthalate film having a thickness of 
75 um, and dried by heating at 140 C. for 5 minutes to form 
a coating film in a B-stage having a thickness of 75 um, thus 
preparing an adhesive film equipped with a Support film. 
0256 The weight average molecular weight was mea 
Sured by a GPC method using the following apparatus and 
columns and using a calibration curve obtained by Standard 
polystyrene. 

0257 (GPC Measurement) 
0258 Apparatus: Model HPLC635 manufactured by 
Hitachi, Ltd. 

0259 Columns: Gel pack R-440, R-450 and R-400M 
manufactured by Hitachi Chemical Co., Ltd. 

0260 (Sample 24) 
0261 Methyl ethyl ketone was added to a composition 
comprising 19.3 g of a creSol novolak type epoxy resin 
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(epoxy equivalent: 210, YDCN-703 manufactured by Tohto 
Kasei Co., Ltd. was used) as an epoxy resin, 12.9 g of a 
cresol novolak resin (Plyofen LF2882 manufactured by 
Dainippon Ink & Chemicals, Inc. was used) as a curing 
agent for the epoxy resin, 64.3 g of an epoxy-containing 
acrylic rubber (weight average molecular weight: about 
700,000, HTR-860P-3 manufactured by Teikoku Chemical 
Industries Co., Ltd. was used) as an epoxy group-containing 
acrylic copolymer, 0.2 g of 1-cyanoethyl-2-phenylimidazole 
(Curezol 2PZ-CN manufactured by Shikoku Corporation 
was used) as a curing accelerator, 0.3 g of Y-ureidopropyl 
triethoxysilane (NUCA-1160 manufactured by Nippon Uni 
car Co., Ltd. was used) as a silane coupling agent, and 3.0 
g of Silica filler (NanoTek SiO2 (average particle diameter: 
0.012 um) manufactured by C. I. KASEI CO., LTD. was 
used), and mixed by Stirring, and further kneaded by means 
of a beads mill for 90 minutes. 

0262 The varnish was coated onto a release-treated poly 
ethylene terephthalate film having a thickness of 75 um, and 
dried by heating at 140 C. for 5 minutes to form a coating 
film in a B-stage having a thickness of 75 um, thus preparing 
an adhesive film having a Support film. The weight average 
molecular weight was measured in the same manner as in the 
preparation of Sample 23. 

0263) (Sample 25) 
0264. Substantially the same procedure as in the prepa 
ration of Sample 23 was conducted except that 3.8g of Silica 
(Aerosil 50 (average particle diameter is 0.03 um) manu 
factured by Nippon Aerosil Co., Ltd.) was used as a filler to 
prepare an adhesive film. 

0265 (Sample 26) 
0266 Substantially the same procedure as in the prepa 
ration of Sample 23 was conducted except that 3.8 g of 
diantimony trioxide (PATOX-U (average particle diameter is 
0.02 um) manufactured by Nihon Mining & Concentrating 
Co., Ltd.) was used as a filler to prepare an adhesive film. 
0267 (Comparative Sample 2) 
0268 Substantially the same procedure as in the prepa 
ration of Sample 23 was conducted except that 0.05 g of 
diantimony trioxide (PATOX-U (average particle diameter is 
0.02 um) manufactured by Nihon Mining & Concentrating 
Co., Ltd.) was used as a filler to prepare an adhesive film. 
0269. With respect to each of the adhesive films obtained 
under different conditions, a Volume percentage of the pores 
in the film was determined by making calculation in accor 
dance with the following method. 

0270 (1) In a view through a SEM, S-4500, manufac 
tured by Hitachi Ltd., a Square region, having a Side 
with a length of 100 times the average particle diameter 
of the filler used and which has 50 pores, is selected to 
take a SEM photograph. 

0271 (2) The area of the square region and the total 
area of the 50 pores are determined as follows. A 
transparent film having a uniform density and an even 
thickness is placed on the SEM photograph, and all the 
50 pores are traced by a pen and the traced portions are 
Cut Out. 
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0272 (3) The predetermined area portion (including 
the 50 pores portions) is traced by a pen in the same 
manner as in item (2) above, and the traced portion is 
Cut Out. 

0273 (4) The weight of each of the cut out portions 
obtained in items (2) and (3) above is measured to 
determine a (2)/(3) value. 

0274 (5) V=(2)/(3) is determined. 
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molding to prepare a plane plate, and a water drop was 
placed on the plate and the angle of the water drop to the 
plate was measured by means of a contact angle meter. This 
measurement was repeated 10 times to obtain an average 
value, and this value was used as a value of the contact 
angle. The contact angle b with water of the material 
obtained by applying the composition and drying the com 
position applied was measured in the Same manner as in 
contact angle a. 

TABLE 7 

Comparative 
Sample 23 Sample 24 Sample 25 Sample 26 Sample 2 

Compatibility Incom- Incom- Incom- Incom- Incom 
patible patible patible patible patible 

Contact angle of 43.2 43.2 96.5 41.7 128.0 
filler with water (C.): a 
Contact angle of resin 144.0 128.0 144.0 144.0 144.0 
with water (C.): b 
Ratio of O.30 O.33 O.67 O.29 O.88 
Contact angle (a/b) 
Existence of pores of Present Present Present Present Present 
0.1 to 2.0 um 
Volume content of 2.8 1.9 2.4 3.6 O.O1 
pores (vol%) 
Soldering heat GD GD O O X 
resistance after 
moisture absorption 
PCT 100 hr O O O O O 
PCT 200hr O O O O X 
PCT 300 hr O O O O X 
PCT 400hr O O O O X 
PCT 500hr O O X X X 

0275 (6) The sequence of the operations of items (1) 
to (5) above is repeated five times, and an average of V 
values obtained is taken as a Volume percentage, and 
the results are shown in Table 7. 

0276 Further, polyimide films each having a thickness of 
50 um were laminated on both surfaces of each of the 
adhesive films using a hot roll laminator under conditions at 
a temperature of 80 C., a pressure of 0.3 MPa and a 
conveying speed of 0.3 m/min, and then cured at 170° C. for 
one hour. The resultant Samples were individually examined 
with respect to the heat resistance and PCT resistance 
(pressure cooker test). 
0277. The evaluation method for heat resistance was 
conducted by a test for resistance to Soldering heat after 
absorbing moisture as follows. A Sample was allowed to 
stand for 48 hours in an environment at 85 C/a relative 
humidity of 85%, and then placed in a solder bath at 240 C. 
A sample in which blistering was observed less than 40 
Seconds was rated “X”, a Sample in which blistering was 
observed 40 seconds or more to less than 120 seconds was 
rated "O", and a sample in which no blistering was 
observed in 120 seconds or more was rated “O'”. 

0278. The evaluation for the PCT resistance was made as 
follows. A sample was treated in an atmosphere at 121 C., 
2 atm. and a humidity of 100% for a predetermined time, and 
then, observed in respect of appearance. A Sample in which 
an unfavorable phenomenon Such as blistering, was not 
observed was rated “O'”, and a sample in which an unfa 
vorable phenomenon was observed was rated “X”. 
0279 The contact angle a of filler with water was mea 
Sured as follows. A filler was Subjected to compression 

0280 Samples 23 to 26 are adhesive films in which 0.01 
to 2.0 um pores were present therein in the range of 0.1 to 
20% by volume, and the laminates for semiconductor pro 
duced by using these adhesive films had excellent resistance 
to soldering heat after absorbing moisture and had a PCT 
resistance of 300 to 400 hours. 

0281 Further, Sample 24 employs silica as filer and does 
not employ a bisphenol A type epoxy resin having a 
mutagen. Therefore, the Sample is advantageous not only in 
that it is easy to handle but also in that it has excellent 
resistance to Soldering heat after absorbing moisture and 
good PCT resistance as much as Sample 23, while main 
taining characteristics of having leSS adverse effect on the 
environment and human body. 
0282 Comparative sample 2 has pores outside the range 
of 0.1 to 20% by volume, and is insufficient in resistance to 
soldering heat after absorbing moisture and has a PCT 
resistance of 100 hours, which is far shorter than those of 
Samples 23 to 26. 

0283 Also, Samples 23 to 26 are adhesive films having 
a contact angle ratio (a/b) of less than %, i.e., less than 0.75, 
and the Semiconductor devices prepared by using these 
adhesive films had excellent resistance to Soldering heat 
after absorbing moisture and a PCT resistance as good as 
400 hours or more. 

0284 Comparative sample 2 has a contact angle ratio of 
0.75 or more, and is insufficient in resistance to Soldering 
heat after absorbing moisture and a PCT resistance of 100 
hours, which is far shorter than those of Samples 23 to 26. 
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INDUSTRIAL APPLICABILITY 

0285. By virtue of having the above-mentioned construc 
tion, the adhesive composition of the present invention has 
excellent moisture resistance, reflow crack resistance and 
heat resistance. Also, by further adding an inorganic filler, 
there can be obtained an adhesive composition which is 
advantageous in that it is improved both in elastic modulus 
at high temperatures and peel Strength at high temperatures 
to exhibit an effect of preventing reflow crack and thus 
excellent in reflow crack resistance. Further, by using the 
adhesive composition of the present invention, an adhesive 
film excellent in heat resistance and PCT resistance can be 
produced. The adhesive film of the present invention is 
excellent in heat resistance after absorbing moisture, reflow 
resistance, adhesion properties after absorbing moisture, etc. 

0286 Also, the adhesive film and the wiring board for 
mounting Semiconductor each produced from the adhesive 
composition of the present invention, and the Semiconductor 
device produced by using the same have excellent heat 
resistance and PCT resistance. According to the present 
invention, there can be provided an adhesive composition 
from which an adhesive member can be formed wherein the 
adhesive member is advantageous not only in that the 
adhesive member has heat resistance and moisture resistance 
necessary for mounting a Semiconductor device on a Sub 
Strate for mounting Semiconductor even when the difference 
in coefficient of thermal expansion between the Semicon 
ductor device and the Substrate is large, but also in that the 
adhesive member can SuppreSS Volatilization of the volatile 
components when being used, an adhesive member, a Sub 
Strate for mounting Semiconductor, and a Semiconductor 
device which use the adhesive composition. 

1. An adhesive composition which comprises 

(a) an epoxy resin; 

(b) a curing agent; and 

(c) a polymer compound incompatible with said epoxy 
resin. 

2. The adhesive composition according to claim 1, 
wherein a ratio of A/B is 0.24 to 1.0, where A represents a 
total weight of (a) the epoxy resin and (b) the curing agent 
and B represents a weight of (c) the polymer compound 
incompatible with the epoxy resin. 

3. The adhesive composition according to claim 1 or 2, 
wherein (a) the epoxy resin is a Solid epoxy resin having a 
Softening point of 50° C. or more as measured by a ring and 
ball method. 

4. The adhesive composition according to any one of 
claims 1 to 3, wherein (a) the epoxy resin has no mutagen. 

5. The adhesive composition according to any one of 
claims 1 to 4, wherein (b) the curing agent is a phenolic resin 
having a hydroxyl equivalent of 150 g/eq or more. 
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6. The adhesive composition according to claim 5, 
wherein (b) the curing agent is a phenolic resin represented 
by the following general formula (I): 

(I) 

OH OH OH 

21) 21. es 21) ?.1 C CH2 lJ" 3-O-g 
(R') (R), (R) 

wherein R each may be the same or different from each 
other and represents a hydrogen atom, a Straight or 
branched alkyl group having 1 to 10 carbon atoms, a 
cyclic alkyl group, an aralkyl group, an alkenyl group, 
a hydroxyl group, an aryl group, or a halogen atom; in 
represents an integer of 1 to 3; and m represents an 
integer of 0 to 50. 

7. The adhesive composition according to claim 6, 
wherein the phenolic resin represented by general formula 
(I) has a water absorption of 2% by volume or less. 

8. The adhesive composition according to any one of 
claims 1 to 7, wherein (c) the polymer compound incom 
patible with the epoxy resin is a functional group-containing 
acrylic copolymer. 

9. The adhesive composition according to claim 6, 
wherein the functional group-containing acrylic copolymer 
is an epoxy group-containing acrylic copolymer. 

10. The adhesive composition according to claim 9, 
wherein the epoxy group-containing acrylic copolymer con 
tains 0.5 to 6% by weight of glycidyl acrylate or glycidyl 
methacrylate as a Starting material therefor. 

11. The adhesive composition according to any one of 
claims 8 to 10, wherein the functional group-containing 
acrylic copolymer has a weight average molecular weight of 
100,000 or more. 

12. The adhesive composition according to any one of 
claims 8 to 11, wherein the functional group-containing 
acrylic copolymer has a glass transition temperature of -50 
C. to 30° C. 

13. The adhesive composition according to any one of 
claims 1 to 12, which further comprises (d) a filler. 

14. The adhesive composition according to claim 13, 
wherein (d) the filler has an average particle diameter of 
0.005 um to 0.1 um. 

15. The adhesive composition according to claim 13 or 
14, wherein (d) the filler is silica. 

16. The adhesive composition according to any one of 
claims 13 to 15, wherein (d) the filler has a surface coated 
with an organic Substance. 

17. The adhesive composition according to any one of 
claims 13 to 16, wherein (d) the filler exhibits a contact angle 
with water of 0 to 100 degrees. 

18. The adhesive composition according to any one of 
claims 13 to 17, wherein (c) the polymer compound is an 
epoxy group-containing acrylic copolymer with a weight 
average molecular weight of 100,000 or more which con 
tains 1.5 to 2.5% by weight of glycidyl acrylate or glycidyl 
methacrylate, wherein the adhesive composition contains 1 
to 50 parts by volume of (d) the inorganic filler with an 
average particle diameter of 0.010 um to 0.1 um based on 
100 parts by volume of the resin. 
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19. The adhesive composition according to any one of 
claims 1 to 18, which further comprises (e) a curing accel 
erator. 

20. The adhesive composition according to claim 19, 
wherein (e) the curing accelerator is an imidazole com 
pound. 

21. An adhesive composition wherein the components of 
the adhesive composition are Separated into two phases after 
being cured as viewed in the cross-section thereof. 

22. The adhesive composition according to claim 21, 
wherein the two phases comprise a Sea phase and an islands 
phase, wherein, a length of an Outer periphery of the islands 
phase represented by S and an area of a cross-section 
represented by V Satisfy a relationship represented by the 
following formula (1): 

SfwV>3.6 (1). 

23. An adhesive composition which comprises giving a 
cured product having a storage elastic modulus at 240 C. of 
1 to 20 MPa. 

24. An adhesive composition which comprises having 
pores with an average diameter of 0.01 um to 2 um after 
being cured and a Volume percentage of the pores in the 
composition is 0.1 to 20% by volume. 

25. The adhesive composition according to any one of 
claims 1 to 20, which satisfies at least one of the following 
requirements (i) to (iii): 

(i) the components of the adhesive composition are sepa 
rated into two phases after being cured as viewed in the 
croSS-Section thereof; 

(ii) the adhesive composition gives a cured product hav 
ing a storage elastic modulus at 240° C. of 1 to 20 MPa; 
and 

(iii) the adhesive composition has pores having an aver 
age diameter of 0.01 um to 2 um after being cured and 
a volume percentage of the pores is 0.1 to 20% by 
Volume. 

26. A proceSS for producing an adhesive composition, 
which comprises mixing (a) an epoxy resin and (b) a curing 
agent with (d) a filler, followed by mixing the resultant 
mixture with (c) a polymer compound incompatible with the 
epoxy resin. 

27. An adhesive film comprising the adhesive composi 
tion according to any one of claims 1 to 25 formed into a 
film. 

28. The adhesive film according to claim 27, which 
Satisfies at least one of the following requirements (i) to (iii): 

(i) the components of the adhesive film are separated into 
two phases after being cured as viewed in the croSS 
Section thereof; 

(ii) the adhesive film gives a cured product having a 
storage elastic modulus at 240 C. of 1 to 20 MPa; and 

(iii) the adhesive film has pores having an average diam 
eter of 0.01 um to 2 um after being cured and a volume 
percentage of the pores is 0.1 to 20% by volume. 

29. An adhesive film comprising a laminated cured prod 
uct of an adhesive composition and a polyimide film, 
wherein the laminated cured product has a peel Strength of 
50 N/m or more as measured at 240 C. 

30. An adhesive film which comprises a laminated cured 
product of an adhesive composition and a polyimide film, 
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and when the laminated cured product is Subjected to 
moisture absorption treatment followed by heat treatment at 
260 C. for 120 seconds, the laminated cured product does 
not Suffer peeling with a diameter of 2 mm or more. 

31. An adhesive film which comprises having pores with 
an average diameter of 0.01 um to 2 um and a volume 
percentage of the pores is 0.1 to 20% by volume. 

32. An adhesive film which comprises exhibiting lower 
ing in flow after 72 hours at 60° C. of 50% or less. 

33. An adhesive film which comprises components 
thereof being Separated into two phases after being cured as 
Viewed in the cross-section thereof. 

34. The adhesive film according to claim 33, wherein the 
two phases comprise a Sea phase and an islands phase, 
wherein a length of an outer periphery of the islands phase 
represented by S and an area of a cross-section represented 
by V satisfy a relationship represented by the following 
formula (1): 

Sf wV>3.6 (1). 

35. The adhesive film according to claim 33 or 34, 
wherein a cured product of an adhesive composition com 
prises (a) an epoxy resin, (b) a curing agent, (c) a polymer 
compound incompatible with the epoxy resin, and optionally 
(d) a filler and/or (e) a curing accelerator. 

36. The adhesive film according to any one of claims 33 
to 35, wherein the film comprises: 

49.5 to 17.0% by weight of the sum of (a) the epoxy resin 
and (b) the curing agent; 

50.0 to 70.0% by weight of (c) the polymer compound; 

0.45 to 10.0% by weight of (d) the filler; and 
0.05 to 3.0% by weight of (e) the curing accelerator. 
37. The adhesive film according to claim 36, wherein a 

ratio of (a) the epoxy resin to (b) the curing agent is 33:67 
to 75:25. 

38. An adhesive film having a Support which comprises 
the adhesive film(s) according to claim 27 is/are laminated 
on one Surface or both Surfaces of the Support layer directly 
or through another layer. 

39. The adhesive film having a Support according to claim 
38, which further comprises, on one Surface or both Surfaces 
thereof, a layer or layerS for protecting the adhesive layer. 

40. An adhesive film having a Support which comprises 
the adhesive films according to claim 27 being formed on 
both Surfaces of a film having a glass transition temperature 
of 200° C. or more. 

41. A Substrate for mounting Semiconductor which com 
prises the adhesive film according to any one of claims 27 
to 40 being disposed on a wiring board on which chips are 
to be mounted. 

42. A Semiconductor device which comprises the adhesive 
film according to any one of claims 27 to 40 being used. 

43. A semiconductor device which comprises the Sub 
Strate for mounting Semiconductor according to claim 41 
being used. 

44. A Semiconductor device which comprises a Semicon 
ductor chip being mounted on a wiring board for mounting 
a Semiconductor through the adhesive film having a Support 
according to any one of claims 38 to 40. 
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45. A Semiconductor device which comprises a plurality 
of Semiconductor chips being mounted on one Surface or 
both Surfaces of a wiring board for mounting a Semicon 
ductor through the adhesive film having a Support according 
to any one of claims 38 to 40. 

46. The Semiconductor device according to claim 44 or 
45, wherein the wiring board for mounting a Semiconductor 
is an organic Substrate. 

47. The Semiconductor device according to any one of 
claims 42 to 46, wherein the device has no peeling with a 
diameter of 1 mm or more between the adhesive layer and 
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the Semiconductor chip after being Subjected to moisture 
absorption treatment at 85 C., a relative humidity of 85% 
for 168 hours, followed by being passed through a reflow 
furnace at 260 C. for 120 seconds. 

48. A wiring board for mounting semiconductor which 
comprises the adhesive film having a Support according to 
any one of claims 38 to 40 being equipped with on a Surface 
of the wiring board on which chips are to be mounted. 


