
EP 0 359 500 Bl Description The present invention relates to a resin
composition for sealing semiconductor elements or devices (hereinafter
simply referred to as "semiconductor(s)"). A preferred embodiment has a low
elastic modulus 5  and a low thermal expansion coefficient which does not
adversely affect the heat resistance of the semiconductors, and is
excellent in thermal shock resistance and heat resistance during soldering
and is therefore useful for sealing electronic parts such as semiconductors
where high-reliability is required. Recently, so-called plastic sealing
methods using thermosetting resins represented by epoxy resins have been
employed for sealing semiconductors. This is due to economical merits such
as low price of the 10  starting materials and ease of mass production. In
particular, resins mainly used for sealing are resin compositions
principally composed of polyfunctional epoxy resins, novolak type phenol
resins and an inorganic filler because of their excellent heat resistance,
moldability and electrical properties. On the other hand, the degree of
integration of semiconductor chips has been increased and correspondingly
the chips have also been scaled up. Contrary to the scaling up of chips,
there has been a 15  tendency for the shape of the chip-containing packages
to be made more compact and thinner as in the case of flat packages which
is accompanied by changing to high density packaging on a substrate and
surface mounting. For this reason, failures have occurred which have not
been encountered with the conventional resins for sealing. More
specifically, when thermal shock is applied, stress generated in the
sealing resin due to the difference in the thermal expansion coefficients
between the resin and the chip 20  causes adverse phenomena such as the
formation of cracks in the passivating film and cracks in the resin for
sealing and a shift of aluminum wiring because of the scaling up of the
chips and the reduction in thickness of the resin layer. Moreover, since
the package itself is exposed to a high temperature in a bath of solder
during soldering, when surface mounting is performed, the moisture in the
package is quickly evaporated. This in 25  turn causes adverse phenomena
such as the formation of cracks in the package, thereby lowering the
humidity resistance of the semiconductors and hence reduction in the
reliability thereof. Accordingly, it has been desired to develop resins for
sealing semiconductors which have reduced stress and excellent heat
resistance during soldering even after moisture absorption. Stress
generated in the chip is expressed by the product of the elastic modulus of
the resin and the 



30  difference In the thermal expansion coefficients between the resin and
the chip. One method for reducing such stress is to make the thermal
expansion coefficient of the resins small thereby minimizing the difference
between the thermal expansion coefficient of the resin and a chip, but the
difference is generally large and thus a large amount of inorganic fillers
having a low thermal expansion coefficient must be incorporated into the
resin to minimize such difference. A large amount of inorganic fillers has
already been 35  used practically in such a resin for sealing and,
therefore, a further increase in the amount thereof would result in the
deterioration of the moldability of the resulting resin composition. On the
other hand, it has also been tried to use a plasticizer, a flexible epoxy
resin or a phenol resin for the purpose of decreasing the elastic modulus
of a resin to thus minimize the stress generated in a resin for sealing
during thermal shock, but the hardened product obtained from these methods
shows insufficient heat resistance. Our Japanese Patent Un-examined
Publication Nos. Sho 62-270617 and Sho 62-273222 disclose methods for
reducing the stress generated in a resin composition during thermal shock
while maintaining the desired heat resistance thereof, which comprise
uniformly dispersing silicone polymer particles having an average particle
size of not more than 1.0 micron in a graft polymer of an epoxy resin and a
vinyl polymer. These methods are effective for lowering the stress, but
they cannot completely solve the problem 45  of heat resistance during
soldering after moisture absorption. More specifically, cracks are formed
in a package which absorbs water when it is exposed to an elevated
temperature, such as those encountered with a bath of solder, which
temperature is higher than the glass transition point of the sealing resin.
The inventors of the present invention have also investigated various
methods for eliminating the foregoing problems such as a method for
enhancing heat resistance of resins by using a special epoxy so  resin and
a hardener or a method in which a maleimide compound is simultaneously
used. These methods are effective for vapour phase soldering employed at a
relatively low temperature, but the effects thereof for liquid phase
soldering at a relatively high temperature of the order of 260 [err] C are
insufficient. Accordingly, it is desirable to provide a resin composition
for sealing semiconductors which satisfac- torily fulfills various
requirements for resins that are suitable for sealing semiconductors such
as integrated 55  circuits having a high degree of integration where high
reliability is required. Such requirements are, for instance, low stress
generated in the resin for sealing and applied on the semiconductors, high
thermal shock resistance and heat resistance during soldering even after
moisture absorption. 2 



EP 0 359 500 B1 The inventors of the present invention have conducted
various studies to develop resins for sealing, have found that the
foregoing object can effectively be achieved by using an epoxy resin having
a specific structure or a modified epoxy resin in combination with a
special polymaleimide and thus have completed the present invention,
preferred embodiments of which can achieve said object. 5      According to
the present invention, there is provided a resin composition for sealing
semiconductors which comprises, (a) an epoxy resin represented by the
following general formula (1) or (11): [err] 15    (in the formula (I),
X[err] represents [err] [err] 20                                  0 [err]
25 30    a     [err] 35    [err] represents [err] [err] 45 [err] 50 or 55
and n is an average ranging from 0 to 10); 3  



EP 0 359 500 B1 [err] 0    0 10                      [err] [err] 15   (in
the formula (II), R represents a tetravalent group selected from the group
consisting of aliphatic groups having at least two carbon atoms, alicyclic
groups, monocyclic aromatic groups, condensed polycyclic aromatic groups
and non-condensed polycyclic aromatic groups formed by connecting aromatic
groups directly or through a divalent group); (b) a hardening agent; 20
(c) an inorganic filler; and (d) a polymaleimide represented by the
following general formula(III) 25                                  0 [err
[err] 30 35    (wherein [err] represents an m-valent organic group having
at least two carbon atoms and m is an integer of not less than 2); and a
resin composition for sealing semiconductors which comprises the same
components as those listed above except that (e) a modified epoxy resin
composed of an epoxy resin represented by the foregoing general formula (I)
or (II) and a silicone polymer which is uniformly dispersed in the epoxy
resin in an oily state or in the form of particles having an average
particle size of not more than 1.0 micron is substituted for the epoxy
resin (a) used in the foregoing resin composition. The epoxy resins
represented by the formula (I) in which X[err] Is 45
[err] 50 55 



4    EP 0 359 500 B1 and [err] is [err] 10 which are used in the
composition of the present invention as a component (a) can be obtained by
reacting phenol with dimethoxy-p-xylene in the presence of an acidic
catalyst to remove methanol and then reacting the resulting product with
epichlorohydrin. The epoxy resins represented by the formula (I) in which
X[err] is 15 20 [err] 25 and X2 is 30 35 [err] 40  which are used in the
composition of the present invention as a component (a) can be obtained by
reacting resorcinol with dimethoxy-p-xylene in the presence of an acidic
catalyst to remove methanol and then reacting the resulting product with
epichlorohydrin. The epoxy resins represented by the formula (1) in which
X[err] is 45 [err] 50   



EP 0 369 500 B1 and X2 is [err] 10 which are used in the composition of the
present invention as the component (a) can be usually obtained by reacting
a polyamine compound represented by the following general formula (IV) with
epichlorohydrin according to a known method: 20               [err]
(wherein n is an average ranging from 0 to 10). 25     Regarding the epoxy
resins represented by the formula (I), if n averages more than 10, the
viscosity of the epoxy resin becomes too high to easily perform melting
kneading and transfer molding operations. Since p-xylene bonds are
introduced into the skeleton of the epoxy resin, it has a low rate of water
absorption and an improved heat resistance. The epoxy resins which are
represented by the general formula (II) and are used in the composition of
30 the present invention as the component (a) can be prepared by reacting a
tetracarboxylic acid dianhydride represented by the following general
formula (V): 35                               [err] [err] (wherein R is the
same as that defined above in connection with the general formula (II))
with 2-(4- hydroxyphenyl)-2-(4'-aminophenyl)propane in an organic solvent
to form an imido ring-containing phenol represented by the general formula
(VI): 45 60 55 6    



EP O 359 500 B1 [err] 10                                       [err] 15
(wherein R is the same as defined above in connection with the general
formula (II)), and then reacting the imido ring-containing phenol with
epichlorohydrin. Methods for preparing the imido ring-containing phenol
represented by the formula (VI) are disclosed in Japanese Patent
Un-examined Publication No. Sho 62-145063. 20     Examples of the
tetracarboxylic acid dianhydrides which are represented by the general
formula (V) and used as starting materials for preparing the epoxy resins
represented by the formula (II) are ethylenetetracarboxylic acid
dianhydride, cyclopentanecarboxylic acid dianhydride, pyromellitic acid
dian- hydride, 3,3',4,4'-benzophenonetetracarboxylic acid dianhydride,
2,2',3,3'-benzophenonetetracarboxylic acid dianhydride,
3,3',4,4'-biphenyltetracarboxylic acid dianhydride,
2,2',3,3'-biphenyltetracarboxylic acid dian- 25 hydride,
2,2-bis(3,4dicarboxyphenyl) propane dianhydride,
2,2-bis(2,3-dicarboxyphenyl)propane dian- hydride, bis(3,4-dicarboxyphenyl)
ether dianhydride, bis(3,4- dicarboxyphenyl)sulfone dianhydride, 1,1-bis-
(2,3-dicarboxyphenyl)ethane dianhydride, bis(2,3-dicarboxyphenyl)methane
dianhydride, bis(3,4-dicarbox- yphenyl)methane  dianhydride,
2,3,6,7-naphthalenetetracarboxylic  acid  dianhydride,  1,4,5,8-naph-
thalenetetracarboxylic acid dianhydride, 1,2,5,6-naphthalenetetracarboxylic
acid dianhydride, 1,2,3,4-ben- 30 zenetetracarboxylic acid dianhydride,
3,4,9,10-perylenetetracarboxylicacid dianhydride, 2,3,6,7-anth-
racenetetracarboxylic acid dianhydride and
1,2,7,8-phenanthrenetetracarboxylic acid dianhydride. The modified epoxy
resins used herein as the component (e) may be obtained by
addition-reacting a silicone polymer capable of undergoing an addition
reaction according to known techniques (an addition- reacted silicone
rubber) or by polymerizing a monomer capable of forming a soft
vinyl-modified silicone 35 polymer by known techniques, in the presence of
the aforementioned epoxy resin (I) or (II) The addition-reacted silicone
rubber is a rubber formed by addition-reacting a vinyl-modified silicone
polymer having vinyl groups in the molecule with a hydrogen-modified
silicone polymer having active hydrogen atoms in the molecule through a
silylation reaction. The term "vinyl-modified silicone polymer(s)" used
herein means polysiloxanes having at least one Si-CH =[err] bond at the
terminal or in the middle of 40 the molecule and the term
"hydrogen-modified silicone polymer(s)" means polysiloxanes having at least



two Si-H bonds at the terminal or in the middle of the molecule. They are
usually available on the market in the form of combinations thereof and
examples thereof are  SE-1821 available from Toray Silicone Industries,
Inc. and KE-1204 available from Shin-Etsu Chemical Co., Ltd. The soft
vinyl-modified silicone polymer is a polymer based on vinyl-modified
silicone and has a glass 45 transition temperature(Tg) of not higher than
20[err] C. The term "a polymer based on vinyl-modified silicone" used
herein means a homopolymer or copolymer of vinyl-modified silicones or a
copolymer of a vinyl- modified silicone and one or more of other vinyl
monomers. In the present invention, any commercially available
vinyl-modified silicone can be used. Examples of the vinyl-modified
silicone are methacrylox- ypropyl siloxanes represented by the general
formula: 50 55 7    EP 0 359 500 B1 [err] [err] [err] 20  wherein, [err] ,
m, n[err] 1000; vinyl siloxanes represented by the general formula: 25
[err] 30 [err] wherein  [err] , m, n 1000;                           \ and
functional silanes represented by the general formula: 45 [err] wherein
R[err] represents methacryloxy, vinyl, allyl or allyloxy group and R2
represents an alkyl and/or an 



alkoxy group. In addition, examples of other vinyl monomers include alkenyl
aromatic compounds such as styrene 50  and vinyl toluene; acrylic esters
such as methyl methacrylate, dodecyl methacrylate, butoxyethyl
methacrylate, glycidyl methacrylate, methyl acrylate, butyl acrylate,
2-ethylhexyl acrylate; hydroxyethyl acrylate, trimethylolpropane
triacrylate; acrylic compounds free of ester groups such as acrylonitrile,
acrylic acid, butoxymethyl acrylamide and methacrylamide; non-conjugated
vinyl compounds such as vinyl acetate, vinyl laurate, vinyl versatate,
vinyl chloride, vinylidene chloride, ethylene and allyl acetate; and
conjugated 55 diene compounds such as butadiene, isoprene and chloroprene.
It is also possible to use polymerizable vinyl compounds such as vinyl
silicone, dibutyl fumarate, monomethyl maleate, diethyl itaconate and
fluorine-containing compounds of acrylic and methacrylic acids, for
instance, trifluoroethyl methacrylate and tetrafluoropropyl methacrylate.
The amount of the vinyl monomer other than vinyl-modified silicones in the
8    EP 0 359 500 B1 copolymer is such that the resulting copolymer becomes
soft or is in a liquid or rubber-like state and that the average particle
size thereof is not more than 1.0 micron. The amount of vinyl monomer
varies depending on the kinds of monomers used, but in general the amount
thereof is not more than 80% by weight on the basis of the total weight of
the monomers used for forming such a copolymer. 5     To achieve the
intended improvement in stress and heat resistance, the average particle
size of the addition-reacted silicone rubber and the soft vinyl-modified
silicone polymer (hereunder referred to as silicone polymer) should be not
more than 1.0 micron, preferably not more than 0.5 micron and more
preferably not less than 0.01 and not more than 0.2 micron. This is because
if the average particle size of the silicone polymer exceeds 1.0 micron,
the intended effect of lowering the stress cannot be achieved and 10
likewise the heat resistance is not improved. The control of the particle
size of the silicone polymer may be performed by appropriately selecting
the kind and amount of the vinyl polymer from which the graft polymer is
prepared together with the epoxy resin; and the specific polymer or monomer
composition for forming the foregoing silicone polymer as well as the
number of the polymerizable double bonds to be 



introduced into the epoxy resin. The amount of a specific polymer or
monomer used to form the foregoing 15 silicone polymer is not limited to a
specific level, but in general it ranges from 1 to 100 parts by weight per
100 parts by weight of the epoxy resin. In the case where the resin
composition of the present invention contains a modified epoxy resin
(component (e)), the resin composition may optionally contain one or more
of non-modified polyfunctional epoxy resins to control the amount of the
silicone polymer in the total resin composition at a desired level. 20
Examples of the non-modified polyfunctional epoxy resins are glycidylates
of compounds having at least two active hydrogen atoms in a molecule, such
as polyhydric phenols, e.g., bisphenol A, bishydrox- ydiphenyl methane,
resorcinol, bishydroxydiphenyl  ether, bishydroxydiphenyl sulfone, phenol
novolak, cresol novolak, brominated bisphenol A and brominated phenol
novolak; polyhydric alcohols, e.g., ethylene glycol, neopentyl glycol,
glycerin, trimethylolpropane, pentaerythritol, diethylene glycol,
polypropylene 25 glycol, bisphenol A-ethylene oxide adduct and
trishydroxyethyl isocyanurate; amino compounds, e.g., ethylenediamine,
aniline and 4,4'-diaminodiphenylmethane; glycidyl type epoxy resins
obtained by reacting polyvalent carboxylic compounds e.g., adipic acid,
phthalic acid and isophthalic acid with epichlorohydrin or
2-methylepichlorohydrin; and aliphatic (inclusive of alicyclic) epoxy
resins, e.g., dicyclopentadiene diepoxide and butadiene dimer diepoxide.
Moreover, the epoxy resins represented by formula (I) or (II) may also be
30 used as such non-modified polyfunctional epoxy resins. In the present
invention, the amount of the epoxy resin of the component (a) ranges from 5
to 65% by weight, preferably from 15 to 50% by weight on the basis of the
total weight of the component (a), the component (b) and the component (d),
as defined above. The amount of the modified epoxy resin of the the
component (e) may be easily determined by those skilled in the art on the
basis of the amount of the 35 silicone polymer required for the final resin
composition for sealing semiconductors and that of the silicone polymer to
be incorporated into the the modified epoxy resin. Further, the amount of
the silicone polymer should be in the range of from 1 to 30% by weight and
in particular 2 to 20% by weight on the basis of the sum of the amount of
the component (a) or (e), the non- modified epoxy resin optionally
employed, the component (b) and the component (d). This is because if it is
40  less than 1% by weight, the intended improvement In stress cannot be
attained. On the other hand, if it is more than 30% by weight, not only
flowability of the resin is lowered but its moldability is impaired. In the
present invention, any conventional hardening agent can be used as the
component (b). 



Examples of the hardening agents include novolak type phenol resins
obtained by reacting phenols such as phenol or an alkylphenol with
formaldehyde or paraformaldehyde as well as modified novolak type phenol 45
resins, phenol aralkyl resins, resorcinol aralkyl resins and polyhydric
phenols such as trihydroxyphenyl- methane and tetrahydroxyphenylethane,
commonly used amine type hardening agent such as diethylenetriamine,
triethylenetetramine, isophoronediamine, diaminodiphenylmethane,
diaminodiphenylsul- fone, m-phenylenediamine and dicyandiamide and commonly
used acid anhydrides such as phthalic anhydride, hexahydrophthalic
anhydride, methyl nadic anhydride, pyromellitic dianhydride and ben- 50
zophenonetetracarboxylic dianhydride. The hardening agent may be used alone
or in combination. The amount of the hardening agent to be incorporated in
the composition ranges from 0.1 to 10 and preferably 0.5 to 2.0 expressed
in equivalent weight ratio based on the total amount of the epoxy resin
(component (a)) or the modified epoxy resin (component(e)) and the
non-modified epoxy resin optionally used. 55     Examples of the inorganic
fillers used herein as component (c) include powders of crystalline silica,
fused silica, alumina, talc, calcium silicate, calcium carbonate, mica,
clay, titanium white or the like; as well as glass fibers, carbon fibers or
the like. These fillers may be employed alone or in combination, and
generally crystalline silica powder or fused silica powder is used alone or
in combination from the viewpoint 9    EP 0 359 500 B1 of their properties
such as thermal expansion coefficient and thermal conductivity. These
silicas are amorphous or spherical. The amount thereof to be incorporated
into the composition preferably ranges from 100 to 800 parts by weight per
100 parts by weight of the sum of the components (a) or (e), the non-
modified epoxy resin optionally used, the component (b) and the component
(d). if it is less than 100 parts 5  by weight, the thermal expansion
coefficient of the resulting resin composition is extremely high and good
thermal shock resistance is not attained, while if it exceeds 800 parts by
weight, the resulting resin composition is not practically acceptable since
the flowability thereof is lowered and hence its moldability is greatly
impaired. 



All the compounds having at least two maleimido groups in the molecule can
be used as the 10  polymaleimides represented by the general formula (III)
which are used as the component (d) in the present invention. Examples of
such polymaleimides include bismaleimide such as N,N'-ethylenebismaleimide,
N,N'- hexamethylenebismaleimide, N,N'-m-phenylenebismaleimide,
N,N'-p-phenylenebismaleimide, N,N'-4,4- diphenylmethanebismaleimide,
N,N'-4,4'-diphenyl ether bismaleimide, N,N'-methylenebis(3-chloro-p- 15
phenylene)bismaleimide,  N,N'-4,4'-diphenylsulfonebismaleimide,
N,N',4,4'-dicyclohexylmethane  bis- maleimide,
N,N'-4,4'-dimethylenecyclohexanebismaleimide, N,N'-m-xylenebismaleimide and
N,N'-4,4'- diphenylcyclohexanebismaleimide. Preferred are bismaleimide
compounds represented by the following general formula (VII): 20 [err] 30
(in the formula (VII), [err] represents a bivalent group represented by 40
wherein X represents a single bond, a bivalent hydrocarbon group having 1
to 10 carbon atoms, a hexafluoroisopropylidene group, a carbonyl group, a
thio group, a sulfinyl group, a sulfonyl group or an oxide group). Specific
examples thereof include : 1,3-bis(3-maleimidophenoxy)benzene,
bis(4-(3-mal- eimidophenoxy)phenyl)-methane,
1,1-bis(4-(3-maleimidophenoxy)phenyl)ethane,    1,2-bis(4-(3-mal-
eimidophenoxy)phenyl)ethane,
2,2-bis(4-(3-maleimidophenoxy)phenyl)propane,  2,2-bis(4-(3-mal- 45
eimidophenoxy)phenyl)butane,
2,2-bis(4-(3-maleimidophenoxy)phenyl)-1,1,1,3,3,3-hexafluoropropane, 4,4'-
(3-maleimidophenoxy)biphenyl, bis(4-(3-maleimidophenoxy)phenyl)ketone,
bis(4-(3-maleimidophenoxy)- phenyl)sulfide,
bis(4-(3-maleimidophenoxy)phenyl) sulfoxide,
bis(4-(3-maleimidophenoxy)phenyl) sulfone,
bis(4-(3-maleimidophenoxy)phenyl)ether and those represented by the
following general formula (VIII): 50 55 10    



EP 0 359 600 B1 [err] 10 (wherein n is an average ranging from 0 to 10).
These polymaleimides may be used alone, in mixture thereof or in
combination with other poly- 15  maleimides. The amount of the
polymaleimides used ranges from 30 to 80% by weight on the basis of the
total amount of the component (a)or (e), component (b) and component (d).
In the present invention, the resin composition may be prepared by, for
instance, blending every component and kneading the resulting blend
according to known techniques; or previously dissolving the polymaleimide
component (d) in all of or a part of component (a) or (e) and/or component
(b); or reacting 20 the same to form a prepolymer. In particular, the use
of such a prepolymer Is favorable from the viewpoint of molding properties
and hardening properties of the resultant resin composition. It is suitable
in the present invention to use a curing promoter In order to harden the
resin composition. The curing promoters include imidazoles such as
2-methylimidazole and 2-methyl-4-ethylimidazole; amines such as
triethanolamine, triethylenediamine and tris(3,6-dioxyheptyl)amine; organic
phosphines such as 25 tributylphosphine, triphenylphosphine and
tritolylphosphine; tetraphenylborates such as tetraphenyl- phosphonium
tetraphenylborate and triethylammonium tetraphenylborate;
1,8-diazabicyclo(5,4,0)undecene-7 and derivatives thereof. The amount of
these curing promoters to be used preferably ranges from 0.1 to 10 parts by
weight per 100 parts by weight of the total amount of component (a) or (e),
component (b) and component (d). 30    In addition, it is also possible to
simultaneously use, as optional components, organic peroxides and/or azo
compounds. Examples of the organic peroxides are dialkyl peroxides such as
ditbutyl peroxide, t- butylcumyl peroxide, dicumyl peroxide,
1,3-bis(t-butylperoxy-isopropyl) benzene, 1,1-di-t-butylperoxy-3,3,5-
trimethyl cyclohexane and 1,1-di-t-butylperoxy cyclohexane; and alkyl
peresters such as t-butyl perben- zoate. Examples of the azo compounds are
azobisisobutyronitrile and azobisdimethylvaleronitrile. 35     The amount
of these organic peroxides and/or the azocompounds preferably ranges from
0.1 to 5 parts by weight per 100 parts by weight of the polymaleimide
compound. The resin composition of the present invention may be formed into
a molding material by blending the foregoing components and optionally
various additives, a variety of reaction diluents, silane coupling agents, 



releasing agents, coloring agents and flame retardants and then mixing and
kneading the resultant blend. 40     The resin composition according to the
present invention can easily be obtained, as a material for molding, by
sufficiently premixing the foregoing components, for instance, by means of
a mixer, kneading the premix in a machine for melting and kneading it such
as with heated rollers or a kneader, cooling the kneaded mixture to harden,
and then pulverizing the hardened mixture. The present invention will
hereunder be explained in more detail with reference to the following 45
Examples and Comparative Examples, but the invention is not restricted to
these specific Examples. In the following Examples, the term "part" means
"part by weight" unless otherwise specified. Example 1 and Comparative
Example 1 50     Resin compositions for molding were prepared by melting
and mixing blends having compositions (part by weight) as shown in the
following Table 1 for 3 minutes with rollers heated to 110 to 130 C,
cooling the melt blend to harden it, pulverizing the hardened blend and
compressing the pulverized resin composition. From these compositions,
100-pin flat packages (20 mm x 30 mm x 2.5 mm) provided thereon with an
element (10 mm x 10 mm) for testing and test pieces for determining
physical properties were formed 55 according to a transfer molding
technique (molding conditions: temperature:180 C; pressure: 70 kg/[err];
and time: 3 minutes) and then were subjected to post-hardening at 180 [err]
C for 6 hours. The results of the tests are summarized in Table 2 given
below.    EP 0 359 500 B1 Example 1 employs an epoxy resin represented by
the following formula (IX) (n = 1.5; epoxy equivalent = 223; available from
Mitsui Toatsu Chemicals, Inc.): 6           [err] [err] 15 25 30 35 
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Example 2 Resin compositions for molding were prepared by melting and
mixing blends having compositions (parts by weight) as shown in the
following Table 3 for 3 minutes with rollers heated to 110 to 130 [err]C,
14    EP 0 359 500 B1 cooling the melt blend to harden it, pulverizing the
hardened blend and compressing the pulverized resin composition. From these
compositions, 100-pin flat packages (20 mm x 30 mm x 2.5 mm) provided
thereon with an element (10 mm x 10 mm) for testing and test pieces for
determining physical properties were formed 5  according to a transfer
molding technique (molding conditions: temperature:180 C ; pressure: 70
kg/cm2; and time: 3 minutes) and then were subjected to post-hardening at
180[err] C for 6 hours. The results of the tests are summarized in Table 4
given below. Example 2 employs a resin of the following formula (X) (n = 2;
epoxy equivalent = 165; available from Mitsui Toatsu Chemicals, Inc.): 10
[err] 
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Resin compositions for molding were prepared by melting and mixing blends
having compositions (parts by weight) as shown in the following Table 5 for
5 minutes with rollers heated to 110 to 130 [err]C, 17    EP 0 359 500 B1
cooling the melt blend to harden it, pulverizing the hardened blend and
compressing the pulverized resin composition. From these compositions,
100-pin flat packages (20 mm x 30 mm x 2.5 mm) provided thereon with an
element (10 mm x 10 mm) for testing and test pieces for determining
physical properties were formed 5  according to a transfer molding
technique (molding conditions: temperature:180[err] C ; pressure: 70
kg/[err]; and time: 3 minutes) and then were subjected to post-hardening at
180 [err] C for 6 hours. The results of the tests are summarized in Table 6
given below. Example 3 employs a resin having the following formula (XI) (n
= 1.0; epoxy equivalent = 167; available from Mitsui Toatsu Chemicals,
Inc.): 10 [err] 
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Comparative Example 4 Resin compositions for moulding were prepared by
melting and mixing blends having compositions (part by weight) as shown in
the following Table 7 for 3 minutes with rollers heated to 110 to 130
[err]C, 20    EP 0 359 500 B1 cooling the melt blend to harden it
pulverizing the hardened blend and compressing the pulverized resin
composition. From these compositions, 100-pin flat packages (20 mm x 30 mm
x 2.5 mm) provided thereon with an element (10 mm x 10 mm) for testing and
test pieces for determining physical properties were formed 5  according to
a transfer molding technique (molding conditions: temperature: 180 [err] C;
pressure: 70 kg/[err]; time: 3 minutes) and then were subjected to
post-hardening at 180[err] C for 6 hours. The results of the tests are
summarized in Table 8 given below. 



Example 4 employed an epoxy resin represented by the following formula
(XII) 10 (R:          [err]                  ,epoxy equivalent =  435;
available from Mitsui Toatsu Chemicals, Inc.): 20
0        0 [err] 0    0 [err] 35 40 45 50 55 21    EP 0 359 500 B1 10 Ln "_
C4 -o %D    C* C-"a m *C;C ~~~C2        c-    OoOOS ~~~~4   t- ~ ~ ~ ~ ~
~~C 15~ ~ ~ ~ ~~~~~~o                        W a~~~~~~4 In  in@ .5   ~~~~C
o40w eQ a 25 30                        -O 



* *V          0 * 0 36.~~~~~~~~~~~ . i 36      g  i  t t  } .{ X  8  E  t
'!*  *  *** 45 50 56 22    EP 0 359 500 B1 5 25 -4~~~A CD  V4JU 4l 70
30 Ii          92w  * 25
A U,  _   X  _   X - 4            @       S  Is  X  a, fi 30
it:  8_._     fi_ a As has been explained above with reference to Examples
and Comparative Examples, the resin 55  composition for sealing
semiconductors according to the present invention generates low stress and
exhibits high heat resistance during soldering even after moisture
absorption. Therefore, if the composition is used to seal large-scale
semiconductor devices having high degree of integration or small-sized, th
in semiconductors such as flat packages, these semiconductors provide high
reliability. Thus, the present 23   



EP 0 359 500 B1 invention is highly industrially useful. Claims 5 1. A
resin composition for sealing semiconductors which comprise components,
(a).an epoxy resin represented by the following.general formula (I) or
(11): 10              [err] wherein Xi represents [err] 25 30 X2 represents
35 [err] [err] 55  and n is an average ranging from 0 to 1 0; 24    EP 0
359 500 B1 invention is highly industrially useful. Claims 5 1. A resin
composition for sealing semiconductors which comprise components, (a) an
epoxy resin represented by the following general formula (I) or (II): 10
wherein X[err] represents or [err] represents 



35 [err] 45 or 55        and n is an average ranging from 0 to 10;    EP 0
359 500 B1 5                [err] 10 [err] (in the formula (II), R
represents a tetravalent group selected from the group consisting of
aliphatic groups having at least two carbon atoms, alicyclic groups,
monocyclic aromatic groups, condensed polycyclic aromatic groups and
non-condensed polycyclic aromatic groups formed by connecting 20
aromatic groups directly or through a divalent group); (b) a hardening
agent; (c) an inorganic filler; and (d) a polymaleimide represented by the
following general formula (111): 25 0 It 30
[err] 35 (wherein R[err] represents an m-valent organic group having at
least two carbon atoms and m is an integer of not less than 2). 40 2. The
resin composition for sealing semiconductors of claim 1 wherein the epoxy
resin represented by the general formula (I) is an epoxy resin represented
by the general formula: 45                 [err]
2         2 



0 50 * [err]    EP 0 359 500 B1 wherein n is an average ranging from 0 to
10. 3. The resin composition for sealing semiconductors of claim 1 wherein
the epoxy resin represented by the general formula (I) is an epoxy resin
represented by the general formula: 5 10
[err] [err] [err] [err] 25 wherein n is an average ranging from 0 to 10. 4.
The resin composition for sealing semiconductors of claim 1 wherein the
epoxy resin represented by 30     the general formula (l) Is an epoxy resin
represented by the general formula: [err] 35
[err] [err] 50 wherein n is an average ranging from 0 to 10. 5. The resin
composition for sealing semiconductors of any preceding claim wherein the
polymaleimide is a bismaleimide compound represented by the following
general formula: 55  



EP 0 359 500 B1 0                                     0 10 wherein R2
represents 15                                       or 20     wherein X
represents a direct bond, a bivalent hydrocarbon group having 1 to 10
carbon atoms, a hexafluorinated isopropylidene group, a carbonyl group, a
thio group, a sulfinyl group, a sulfonyl group or an oxide. 6. The resin
composition for sealing semiconductors of any of claims 1-4 wherein the
polymalelmide is a 25     member selected from those represented by the
following general formula: 30 [err] wherein n is an average number of the
units enclosed in brackets ranging from 0 to 10. 40 7. The resin
composition for sealing semiconductors of any of claims 1-4 wherein the
polymaleimide is 4,4'-bis(3-maleimide-phenoxy)biphenyl. 8 The resin
composition for sealing semiconductors of any of claims 1-4 wherein the
polymaleimide is 45     bis[4-(3-maleimide-phenoxy)phenyl] sulfide. 9. The
resin composition for sealing semiconductors of any preceding claim further
including a silicone polymer which is uniformly distributed in the epoxy
resin of general formula I or 11 in an oily state or as particles having an
average particle size of not more than 1.0[err]. 50 10. The resin
composition for sealing semiconductors of any preceding claim wherein the
hardening agent is novolak phenol resin and/or phenol aralkyl resin. 11.
The resin composition for sealing semiconductors of any preceding claim
wherein the amount of the 55    hardening agent ranges from 0.1 to 10
expressed In equivalent weight ratio based on the epoxy resin. 12. The
resin composition for sealing semiconductors of any preceding claim wherein
the inorganic filler is 



crystalline and/or fused silica. 27    EP 0 359 500 B1 13. The resin
composition for sealing semiconductors of any preceding claim wherein the
amount of the inorganic filler ranges from 100 to 800 parts by weight per
100 parts by weight of the sum of the epoxy resin, the hardening agent and
the polymaleimide. 5 PatentansprUche 1. Harzzusammensetzung zum Versiegeln
von Halbleitern, die folgende Bestandteile umfaBt: (a) ein Epoxyharz der
folgenden aligemeinen Formel (I) oder (1i) 10 xi - C f2Cf`H 2 X)2 -CH2
CH2 -XIX ( 15 worin Xi O CH2CrocH2                            o-CH2CH-CH2
25                                                                        0
-CH2CH--CH2 25~ ~ ~ ~ ~ ~ ~~~~~~~O oder            CH 2-CHCH2- N-CH2CH-CH2
0 30 35 darstellt, X2 >2CCH 2CHCH ..
O-CH2CH-CR2 45
~~~~~~~~~~~~~~~0- C H2 C H -s C  2 45 oder    CH2-CHCH2-N- CH2CWi-CHj 0
0 



50 55        darstellt und n ein Durchschnittswert Im Bereich von 0 bis 10
ist; 28 *                                      *  ~~~~~~~~~~~~C   L   N   S
EP 0 359 500 B1 o        0 CH , 5  ~~_\                           1    -O
H    Cx - H CH-CHCH 0 0                ~~~CR3              II       ii o
0 10 CH3 (in der Formel (11) steht R fUr elne vierwertige Gruppe,
ausgewdhIt aus der Gruppe, die aus aliphatischen Gruppen mit zumindest zwei
C-Atomen, alizyklischen Gruppen, monozyklischen aro- matischen Gruppen,
kondensierten polyzyklischen aromatischen Gruppen und nichtkondensierten 20
polyzyklischen aromatischen Gruppen, die durch direktes oder Ober eine
zweiwertige Gruppe erfolgendes Verbinden aromatischer Gruppen gebildet
wurden, besteht); (b) ein H~rtungsmittel; (c) oenen anorganischen
FOllstoff; und (d) ein Polymaleimid der folgenden allgemeinen Formel (111):
26 0 30                               HC-  \ I I
(INI) HC-- C 



0 S6                           t-               -J m (worin R, elne
m-wertige organische Gruppe mit zumindest zwei C-Atomen darstellt und m
eine ganze Zahl ist, die nlcht klelner als 2 ist). 40 2.
Harzzusammensetzung zum Versiegeln von Halbleitern nach Anspruch 1, worin
das Epoxyharz der allgemelnen Formel (I) ein Epoxyharz der aligemeinen
Formel: 45 50 55 29~ ~~~~~~1-1-11-1-1*-*    EP 0 359 500 B1 CH2-CHCH2-O
CH2-CCH -0 o                                             0 C H2- '-CH2 n 10
o- CH2CH-CH2 15                   *-                    H20 ist, worin n
ein Durchschnittswert im Bereich von 0 bis 10 ist. )o  3.
Harzzusammenstzung zum  Versiegeln von Halbleitern nach Anspruch 1, worin
das Epoxyharz der aligemelnen Formel (I) ein Epoxyharz der allgemeinen
Formel: z5                  CR2-CHCH2-0
CH2-CRCH2-O 90~~~~~~~~~~~ W~~~CH2-    CH2
CH2tM CH22   CHCH2 -O 



\ OS                          ~~~~CH2-CHCH2-0n o
_ ft 35 O-CH2 CH{-CH2 0 3" 4CH2 < 0-CR2CH- CH2 45 ist, worin n ein
Durchschnittswert im Bereich von 0 bis 10 ist. 4.  Harzzusammensetzung zum
Versiegein von Halbleitern nach Anspruch 1, worin das Epoxyharz der
aligemeinen Formel (I) ein Epoxyharz der aligememnen Formel: 50 55 30 * C
i.   M S    EP 0 359 500 Bi CH2 -CHCH2 -N-CH 2CH--CH2 0 w            | I
CH2 -CRCH2-N-CH2CIH-CH2 I ~~~~~~~00 10                        J.-C  H2
CH2'                        CH 2 ,n CL2-,,CHCH2-N-CH2C\H-CH2 0
0 * -e--CH2) 20 ist, worin n ein Durchschnittswert im Bereich von.0 bis 10
ist. 



5. Harzzusammensetzung zum Versiegeln von Halbleitern nach elnem der
vorhergehenden AnsprOche, 25      worin das Polymaleimid eine
Bismaleimidverbindung der folgenden allgemeinen Formel !st: 30~~~~~ 7(  O-
R 2 - 0                                         0 35 worin R2 -O-   oder
X 46 darstellt, worin X fUr elne direkte Bindung, elne zweiwertige
Kohlenwasserstoffgruppe mit 1 bis 10 C- atomen, eine hexafluorierte
Isopropylidengruppe, eine Carbonylgruppe, eine Thiogruppe, eine Sulfinyl-
grupe, eine Sulfonylgruppe oder ein Oxid steht. 5o  6. Harzzusammensetzung
zum Versiegeln von Halbleltern nach elnem  der AnsprOche 1-4, worin das
Polymalelmid ein Bestandteil ist, der aus jenen der folgenden allgemernen
Formel 56    EP 0 359 500 BI 2 CHQ cCH2CH2  0CH2 0 10 ausgewihIt ist, worin
n eine durchschnittliche Zahl der in der Klammer eingeschlossenen Einheiten
im Bereich von 0 bis 10 ist. i-76 7. Harzzusammensetzung zum Versiegeln von
Halbleitern nach einem der AnsprUche 1 bis 4, worin das --
Polymaleimid 4,4'-bis(3-Maleimidphenoxy)biphenyl ist. 8.
Harzzusammensetzung zum Versiegeln von Halbleitern nach elnem der AnsprUche
1-4, worin das Polymaleimid bis[4-(3-Maleimidphenoxy)phenyl]sulfid ist. 9.
Harzzusammensetzung zum Versiegeln von Halbleitern nach einem der
vorhergehenden AnsprUche, 



die weiters ein glelchmABig im Epoxyharz verteiltes Silikonpolymer der
allgemeinen Formel I oder 11 in elnem 6ligen Zustand oder als Telichen mit
elner durchschnittlichen Teilchengr6ole von nicht mehr als 25     1,0 am
umfait. 10. Harzzusammensetzung zum Versiegeln von Halbleltem nach elnem
der vorhergehenden AnsprOche, worin das Hartungsmittel Novolakphenolharz
undloder Phenolaralkylharz ist. 30  11. Harzzusammensetzung zum Versiegeln
von Halbleitern nach elnem der vorhergehenden AnsprOche, worin die Menge
des H~rtungsmittels im Bereich von 0,1 bis 10, ausgedrUckt als
Aquivalentgewichts- *        verhaltnis, bezogen auf Epoxyharz ist. 12.
Harzzusammensetzung zum Versiegeln von Halbleitern nach elnem der
vorhergehenden AnsprUche, 36     worin der anorganische Fallstoff
kristalline und/oder kondensierte Kleselsaure ist. 13. Harzzusammensetzung
zum Versiegeln von Halbleltern nach elnem der vorhergehenden Anspr(iche,
worin die Menge an anorganischem FUllstoff im Bereich von 100 bis 800
Gewichtsteilen pro 100 Gewichtstelle der Summe aus dem Epoxyharz, dem
H~rtungsmittel und dem Polymaleimid liegt. Revendicatlons 1. Composition de
rdsine pour sceller des semi-conducteurs, comprenant les composants (a) une
rdsine epoxy repr6sent6e par la formule g6ndrale sulvante (I) ou (11): 45
X1 -C H                     X2 2CCH22.3-KCH 2-CH2-X1              (I) ou XI
repr~sente 56    EP 0 359 500 B1 ,-CH2 CH-CH
O-CH  CH-CH M2 repr ~      2        2                             2 25'
O-CH CH-CH 2 0 2 



10                             CH I1-C HCH H-N-C H CH -CH ou is X.2
reprdsente 20 CH  -CHCH 2       _9                    -CH  CH- CH 25 40
0        0~~~~~~~~~~~~~~~ CH   -CHCH3_  CHO   CHCCH 30              \2/22
4/ 1    e                   ~      s    vR \        N- * 30.
CH2-CCH-NCHC11H 0 O 35 et n est une moyenne comprise entre 0 et 10; 40
_((9  t  <           _   0CH2 H-H2                       ( I I ) CH3 80
*~C  CHCH2C H-N                                         NII 2-~~~~~~~~3
1% Il1l1 l1ll .l11Il, CH 3 (dans la formule (II), R represente un groupe
t~travalent choisi dans le groupe, consistant en groupes allphatiques:
ayant au moins deux atomes de carbone, groupes allcycliques, groupes
aromatiques monocycliques, groupes aromatiques polycycliques condens6s et
groupes aromatiques polycycli-    EP 0 359 500 91 ques non condenses formds
en connectant des groupes aromatiques directement ou par un groupe
divalent); (b) un agent durcissant; 



(c) une charge inorganique ; et a         (d) un polymal6imide represent6
par la formule g~n~rale (111): 10~~~~~~~~ H C   /,
(III) io        (ob R. represente un groupe organique de valence m ayant au
moins deux atomes de carbone et m est un nombre entier de pas molne de 2).
2. Composition de r6sine pour sceller des semi-conducteurs selon la
revendication 1, ob la rdsine 4poxy repr~sent6e par la formule gen6rale (I)
est une resine 6poxy represent~e par la formule g~n~rale: *25 CH2-CHCH2-0
CH2-CHCH2-0 30~~~~~~~~~~~~~~ eCH2Q C H 2
H C  2 n n 35 0-CH2 CH-CH2 t o            ~~* -_C H 2
4jJ ot n est une moyenne comprise entre 0 et 10. 45 3. Composition de
r6sine pour sceller des semi-conducteurs selon la revendication 1, od la
resine 6poxy repr6sentde par la formule gdn6rale (1) est une rdsine epoxy
repr6sentde par la formule gdnerale: 60 55 34 * C   L   M   S *    EP
0359500 B1 CH   -CHCH'-.-                         CH  -CHCH2 -0 



0                                      0 CH   CHCH
CH      /            2 10               0o
\2/ 2 0 -n 0-CH CH-CH 15                                               1
2 \ /   2 *                H2    e 20
-CH2 CH-CH2 j oO n est une moyenne comprise entre 0 et 10. 25 4.
Composition de rdsine pour sceller des semi-conducteurs selon la
revendication 1, oO la r~sine 6poxy repr~sent~e par la formule g~n~rale (I)
est une rdsine 6poxy repr~sent~e par la formule gdn6rale: 30
CH2-CHCH2-N-CH2CH-CH2 00 CH2-CHCH2-N-CH 2CH-CH2 35 ca-~CH2
H2-                          CH2 40_,n n CH2 CHCH2-N-CH2 CH -CH2 0
a 46 * eCH~C2 50     ot n est une moyenne comprise entre 0 et 10. 5.
Composition de rdsine pour sceller des semi-conducteurs selon toute
revendication pr~cddente, oO le polymaldimide est un compos6 de
bismaleimide reprdsent6 par la formule gdndrale: 55 



EP 0 359 500 B1 ~~~~0 ~~~~~0 5                   XN            - R 2 -1
N 10. ob R2 represente 15                                      OU ob X
reprisente une liaison directe, un groupe hydrocarbure bivalent ayant 1 a
10 atomes de carbone, 120    un groupe isopropylidbne hexafluore, un groupe
carbonyle, un groupe thio, un groupe sulfinyle, un groupe sulfonyle ou un
oxyde. 6. Composition de resine pour sceller des semi-conducteurs selon
1'une quelconque des revendications 1 a 4, ob le polymal6imide est un
6lement choisi parmi ceux represent6s par la formule generale 25
suivante: 30            08*                             @4
OZN Q4C H H2 .jC H 35n ob n est un nombre moyen des unites enfermdes entre
les crochets compris entre 0 et 10. 7. Composition de rdsine pour sceller
des semi-conducteurs selon l'une quelconque des revendications 1- 4, obi le
polymaleimide est 4,4'-bis(3-mal6imide-ph~noxy)biphenyle. & Composition de
r6sine pour sce1fer des semi-conducteurs selon l'une quelconque des
revendications 1- 45     4, ob le polymal6imide est bis
[4-(3-mal~imide-phenoxy)ph6nyl]sulfure. 9. Composition de r~sine pour
sceller des semi-conducteurs selon toute revendication precedente,
comprenant de plus un polymere de silicone qui est uniformement distribu6
dans la r~sine 6poxy de la formule gen6rale I ou 11, a un 6tat huileux ou
sous la forme de particules ayant une grandeur moyenne 50     des
particules ne d6passant pas 1,0 am. 10. Composition de resine pour sceller
des semi-conducteurs selon touts revendication prec6dente, ob l'agent
durcissant est une r~sine phenol novolaque etou une r6sine aralkyl phenol. 



5S 11. Composition de r~sine pour sceller des semi-conducteurs selon toute
revendication precedente, ob la quantit6 de 1'agent durcissant est comprise
entre 0,1 et 10 en s'exprimant en rapport de poids dquivalent en se basant
sur la rdsine dpoxy. III  . - ..|11 1111 Hl i 11 1||1    EP 0 359 500 Bi
12. Composition de resine pour sceller des semi-conducteurs selon toute
revendication pr~cddente, oO la charge inorganique est de la silice
cristalline etlou fusionnee. 13 Composition de resine pour sceller des
semi-conducteurs selon toute revendication pr6c6dente, oO la quantite de la
charge inorganique est comprise entre 100 et 800 parties en poids pour 100
parties en poids de la somme de la r~sine epoxy, de l'agent durcissant et
du polymal~imide. 10 20 25 30 35. K40 45 50 56 37                   1111111
111111111111111 * C   L   M   S *    


