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(57) Abstract: A curable epoxy resin composition comprising at least the following components: (I) an epoxy resin; (II) a curing
agent for an epoxy resin; (III) a diorganosiloxane having on both molecular terminals siloxane residual radicals represented by the
& following average unit formula: (XR;,8101,2)a(SiO4)s (Where R; is a monovalent hydrocarbon group that is free of unsaturated
& aliphatic bond, and "X" is a single bond, a hydrogen atom, a group designated by Ry, an epoxy-containing monovalent organic
group, or an alkoxysilylalkyl group; however, at least one group designated by "X" in one molecule is a single bond, at least two

non

groups designated by "X" are epoxy-containing alkyl groups; "a

is a positive number; "b" is a positive number; and "a/b" is a number

ranging from 0.2 to 4); and (IV) an inorganic filler; is capable of producing a cured body of high strength in spite of having a low

modulus of elasticity (low stress).
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DESCRIPTION
CURABLE EPOXY RESIN COMPOSITION,
CURED BODY THEREOF, AND USE THEREOF
Technical Field
[0001] The present invention relates to a curable epoxy resin composition, as well as

to a cured body of the composition and the use of the composition.

Background Art

[0002] It is known that curable epoxy resin compositions find application as agents for

sealing and bonding electrical or electronic devices. However, since cured bodies obtained
by curing conventional curable epoxy resin compositions are characterized by a high
modulus of elasticity and therefore by high rigidity, the use of such bodies in conjunction
with electrical or electronic devices is associated with problems such as development of
high stress that occurs under conditions of thermal expansion and shrinkage at curing.

In order to reduce the modulus of elasticity in cured bodies of the aforementioned
compositions, it was suggested to combine the curable €poxy resin composition with a
diorganopolysiloxane that contains epoxy groups. Such a diorganopolysiloxane, which is
disclosed in Japanese Unexamined Patent Application Publication (hereinafter referred to
as “Kokai”) H06-56999, is one having siloxane residual radicals with €pOXy groups on
molecular terminals. Kokai H06-56999 does not give specific examples of the contents of
the aforementioned curable epoxy resin compositions. However, when the recommended
diorganopolysiloxanes are added to the curable epoxy resin compositions, the decrease of
modulus of elasticity provided by such an addition in cured bodies may be accompanied by
decrease in strength.

[0003] On the other hand, it was préposed in Kokai 2006-257115 to replace the
curable epoxy resin composition with a curable silicone composition which comprises of a
diorganopolysiloxane with silicone residual radicals having epoxy groups on both
molecular terminals and a curing agent for an epoxy resins. Although such a curable
silicone composition provided a cured body having excellent modulus of elasticity and
adhesiveness, the use of this composition was still limited because the cured body was
insufficiently strong.

[0004]  Itis an object of the present invention to provide a curable epoxy resin

composition that is characterized by excellent moldability, and that, when cured, forms a
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cured body which, in spite of having a low modulus of elasticity (low stress), has high
strength. Another object is to provide a curable epoxy resin composition that is suitable for
use as a sealing agent for semiconductor devices. A still further object of the invention is to
provide a cured body that combines low modulus of elasticity (low stress) with high

strength.

Disclosure of Invention

[0005] The above problems are solved by the present invention that provides a curable
epoxy resin composition comprising at least the following components:

(I) an epoxy resin;

(I) a curing agent for an epoxy resin;

(ID) a diorganosiloxane that is used in an amount of 0.1 to 100 parts by weight per
100 parts by weight of the sum of components (I) and (IT) and is represented by the
following general formula:

A-R%:(R',810), R},Si-R%-A
{where R designates the same or different unsubstituted or substituted monovalent
hydrocarbon groups which are free of unsaturated aliphatic bonds; R? is a bivalent organic
group; “A” is a siloxane residual radical represented by the following average unit
formula:
(XR';8i0112)a (SiOun)s

(where R' is the same as defined above, and “X” is a single bond, a hydrogen atom, a
group designated by R!, an epoxy-containing monovalent organic group, or an
alkoxysilylalkyl groﬁp; however, at least one group designated by “X” in one molecule is a
single bond, at least two groups designated by “X” are epoxy-containing alkyl groups; “a”
is a positive number; “b” is a positive number; and “a/b” is a number ranging from 0.2 to
4), and where “n” is an integer equal to or greater than 1}, and

(IV) an inorganic filler (contained in the composition in an amount of at least 20
wt.%).
[0006] The curable epoxy resin composition of the invention is characterized by being
used as a sealing agent or an adhesive agent for a semiconductor device.
[0007] A cured body of the invention is obtained by curing the composition of the

invention.
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Effects of Invention

[0008]  The curable epoxy resin composition of the invention is efficient in that it
possesses excellent moldability, and, when cured, can form a cured body that has high
strength in spite of having a low modulus of elasticity (low stress). Furthermore, a cured
body of the composition is characterized by high strength along with low modulus of

elasticity (low stress).

Detailed Description of the Invention

[0009] The epoxy resin that constitutes component (I) is a main component of the
composition. There are no special restrictions with regard to component (I), provided that
this component contains an epoxy group such as a glycidyl group or an alicyclic epoxy
group. Component (I) may be exemplified by novolak-type epoxy resin, cresol-novolak
type epoxy resin, triphenol-alkane type epoxy resin, aralkyl-type epoxy resin, aralkyl-type
epoxy resin with a biphenyl backbone, biphenyl-type epoxy resin, dicyclopentadiene-type
epoxy resin, heterocyclic-type epoxy resin, naphthalene-ring containing epoxy resin,
bisphenol-A type epoxy resin, bisphenol-F type epoxy resin, stilbene-type epoxy resin,
trimethylolpropane-type epoxy resin, terpene-modified epoxy resin, linear aliphatic epoxy
resin obtained by oxidizing the olefin bond with a peroxy acid, such as a peracetic acid,
alicyclic epoxy resin, or sulfur-containing epoxy resin. Component (I) may be composed of
one or more of the aforementioned epoxy resins. Most preferable for use as component (I)
are aralkyl -type epoxy resin with a biphenyl backbone, biphenyl-type epoxy resin, or a
similar epoxy resin that contains a biphenyl group.

[0010] Component (I) is generally available. For example, the biphenyl-type epoxy
resin is commercially produced by Japan Epoxy Resin Co., Ltd. under the name YX-4000;
the bisphenol-F type epoxy resin is commercially produced by Nippon Steel Chemical Co.,
Ltd. under the name VSLV-80XY; the aralkyl-type epoxy resin with a biphenyl backbone
is produced by Nippon Kayaku Co., Ltd. under the names NC-3000 and CER-3000L (a
mixture with a phenyl-type epoxy resin); and the naphthol-aralkyl-type epoxy resin is
produced by Nippon Steel Chemical Co., Ltd. under the name ESN-175.

[0011] When the composition of the invention is used as a sealing agent or an adhesive
agent for a semiconductor device, it is recommended that component (I) contain
hydrolysable chlorine in an amount of not more than 1000 ppm, preferably not more than
500 ppm. The content of sodium and potassium in component (I) should not exceed 10

ppm of each. If the content of the hydrolysable chlorine exceeds the recommended upper
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limit, or if the content of sodium and potassium exceed the respective recommended upper
limits, this will impair moisture-resistant properties of semiconductor devices having parts
sealed or bonded with the use of the composition of the invention when such devices
operate under conditions of high temperature and high humidity.

[0012] Component (II) is a curing agent for an epoxy resin that reacts with the epoxy
groups of component (I) and is used for curing the composition. It is recommended that
component (II) be a compound that contains phenolic hydroxyl groups, such as phenol-
novolak resin, phenol resin that contains a naphthalene ring, aralkyl-type phenol resin,
triphenolalkane-type phenol resin, biphenyl-containing phenol resin, alicyclic phenol resin,
heterocyclic phenol resin, bisphenol-A, or bisphenol-F. Component (II) may be composed
of two or more of the aforementioned compounds with phenolic hydroxyl groups. The use
of component (IT) in the form of the biphenyl-containing aralkyl-type phenol resin, or a
similar biphenyl-containing phenol resin, is preferable.

[0013] Component (1) is readily available. For example, the aralkyl-type phenol resin
is commercially produced by Mitsui Chemical Co., Ltd. under the name Milex XI.C-3L
and by Meiwa Plastic Industries Co., Ltd. under the name MEH-78 1; the naphthalene-ring-
containing phenol resin is produced by Nippon Steel Chemical Co., Ltd. under the names
SN-475 and SN-170; the phenol-novolak resin is produced by Meiwa Plastic Industries
Co., Ltd. under the name MEH-7500; and the biphenyl-containing phenol resin is produced
by Meiwa Plastic Industries Co., Ltd. under the name MEH 785 IM.

[0014] There are no special restrictions with regard to the amount in which component
(II) can be used, provided that this amount is sufficient for curing component (I). However,
it is recommended that the epoxy-reactive functional groups of component (II) be in the
range of 0.5 to 2.5 moles per 1 mole of the epoxy groups of component (I). For example,
when component (I1) is a compound that contains phenolic hydroxyl groups, the content of
the phenolic hydroxyl groups of component (II) should be in the range of 0.5 to 2.5 moles
per 1 mole of the epoxy groups of component (D. If component (II) is contained in an
amount less than the recommended lower limit, it will be difficult to provide complete
curing of the composition, and, if, on the other hand, the content of component (II) exceeds
the recommended upper limit, this will reduce the strength of the cured body.

[0015] Component (III) is used in the composition for improving its moldability and
for decreasing the modulus of elasticity in the cured body of the composition. Component

(ITI) is a diorganosiloxane of the following general formula:
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A-R*(R%,8i0), RLSi-R-A. |
In the above formula, the groups designated by R' are same or different and constitute
substituted or unsubstituted monovalent hydrocarbon groups without unsaturated aliphatic
bonds. Specific examples of such groups are the following: methyl, ethyl, propyl, butyl,
pentyl, hexyl, octyl, decyl, octadecyl, or a similar alkyl group; cyclopentyl, cyclohexyl,
cycloheptyl, or a similar cycloalkyl group; phenyl, tolyl, xylyl, or a similar aryl groups;
benzyl, phenethyl, phenylpropyl, or a similar aralkyl group; and 3-chloropropyl, 3,3,3-
trifluoropropyl, or a similar halogenated alkyl group. Most preferable are alkyl groups,
especially methyl groups. In the above formula, R? designates bivalent organic groups.
These groups can be specifically exemplified by ethylene, methylethylene, propylene,
butylene, pentylene, hexylene, or a similar alkylene group; ethylenoxyethylene,
ethylenoxypropylene, ethylenoxybutylene, propylenoxypropylene, or a similar
alkylenoxyalkylene group. Preferable are alkylene groups, in particular, ethylene groups.
In the formula, “n” is an integer, which is equal to or greater than 1 and which represents
the degree of polymerization of the diorganosiloxane contained in the main molecular
chain. From the viewpoint of improved flexibility of a cured body of the composition, “n”
should be equal to or greater than 10. There are no special restrictions with regard to the
upper limit of the value of “n”, but it is recommended that the value of “n” do not exceed
500.
[0016] In the above formula, “A” is a siloxane residual radical represented by the
following average unit formula:

(XR'28i0112)a (SiO4n)p.
In this formula, R designated the same or different substituted or unsubstituted
monovalent hydrocarbon groups which are free of unsaturated aliphatic bonds. These
groups may be exemplified by the same groups as given for them earlier, most preferable
of which are alkyl groups and especially methyl groups. “X” designates a single bond, a
hydrogen atom, a group designated by R!, an €poxy-containing monovalent organic group,
or an alkoxysilylalkyl group. However, at least one group designated by “X” in one
molecule is a single bond, which is used for bonding to R? in the aforementioned
diorganopolysiloxane. Moreover, at least two groups designated by “X” are epoxy-
containing alkyl groups. |
[0017] Groups designated by R! may be exemplified by the same groups as mentioned

above for R!. At least one group designated by “X” should be a monovalent hydrocarbon
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group with 6 or more carbon atoms. In order to improve flowability of the composition,
component (III) should be compatible with components (I) and (II). The monovalent
hydrocarbon groups may be represented by hexyl, octyl, decyl, octadecyl, or similar alkyl
groups; cyclohexyl, cycloheptyl, or similar cycloalkyl groups; and phenyl, tolyl, xylyl, or
similar aryl groups; benzyl, phenethyl, phenylpropyl, or similar aralkyl groups, of which
alkyl groups are preferable.

[0018] The epoxy-containing alkyl groups can be exemplified by 2-glycidoxyethyl, 3-
glycidoxypropyl, 4-glicydoxybutyl, or similar glycidoxyalkyl groups; 2-(3,4-
epoxycyclohexyl) ethyl, 3-(3 ;4-epoxychlorohexyl) propyl, or similar 3,4-
epoxycyclohexylalkyl groups; and 4-oxiranylbutyl, 8-oxiranyloctyl, or similar
oxiranylalkyl groups. Most preferable of these groups are glycidoxyalkyl, especially 3-
glycidoxypropyl groups.

[0019] The alkoxysilylalkyl groups can be exemplified by trimethoxysilylethyl,
trimethoxysilylpropyl, dimethoxymethylsilylpropyl, methoxydimethylsilylpropyl,
triethoxysilylethyl, or tripropoxysilylpropyl groups. However, at least one group
designated by “X” in one molecule should be an alkoxysilylalkyl, and preferably a
trimethoxysilylethyl group.

[0020] In the above formula, “a” is a positive number, “b” is a positive number, and
“a/b” is a number in the range of 0.2 to 4.

[0021] There are no special restrictions with regard to weight-average molecular
weight of component (IIT) but it may be recommended to have this value in the range of
500 to 1,000,000. Also’, there are no special restrictions with regard to the form of
component (III) at 25°C, but the liquid form is preferable. It is recommended that
component (III) have a viscosity at 25°C in the range of 50 to 1,000,000 mPa-s. The
method of preparation of component (ID) is described, e.g., in Kokai H06-56999.

[0022] In the composition of the invention, component (III) is used in an amount of
0.1 to 100 parts by weight, preferably 0.1 to 50 parts by weight, and most preferably 0.1 to
20 parts by weight per 100 parts by weight of the sum of components (I) and . If
component (II1) is used in an amount less than the recommended lower limit, this will
increase the modulus of elasticity of a cured body. If, on the other hand, the content of
component (III) exceeds the recommended upper limit, this will reduce the strength of the

cured body.



10

15

20

25

30

WO 2008/069333 PCT/JP2007/073736
7

[0023] Component (IV) is an inorganic filler that is added for strengthening a cured
body of the composition. When an inorganic filler is added to a curable epoxy resin
composition, this normally improves strength of the body cured from the composition, but
at the same time, flowability of the composition is noticeably impaired, and moldability of
the composition worsens. Moreover, the modulus of elasticity of the cured body is
significantly increased. In contrast to this, joint use of aforementioned components (III)
and (IV) protects the composition from loss of flowability and moldability, and, in spite of
decrease in modulus of elasticity (low stress), makes it péssible to obtain a cured body of
high strength.

[0024] There are no special restrictions with regard to the filler that constitutes
component (IV), and inorganic fillers that are normally admixed with conventional curable
epoxy resin compositions can be used for the purposes of the invention. Such fillers can be
exemplified by glass fiber, asbestos, alumina fiber, ceramic fiber composed of alumina and
silica, boron fiber, zirconia fiber, silicon carbide fiber, metallic fiber, or a similar fibrous
filler; amorphous silica, crystalline silica, precipitated silica, fumed silica, baked silica,
zinc oxide, baked clay, carbon black, glass beads, talc, calcium carbonate, clay, aluminum
hydroxide, magnesium hydroxide, batium sulfate, titanium dioxide, aluminum nitride,
boron nitride, silicon carbide, aluminum oxide, magnesium oxide, titanium oxide,
beryllium oxide, kaolin, mica, zirconia, or a similar powdery filler. Component (IV) may
be composed of two or more such fillers. There are no special restrictions with regard to
the shape of the filler particles of component (IV). The powder particles may be spherical,
needle-like, plate-like, ground (i.e., irregularly shaped), etc. From the viewpoint of
moldability, the spherical shape is preferable. It is also preferable that component Iv)
comprise spherical amorphous silica. There are no special restrictions with regard to the
average dimensions of the particles of component (IV), but from the viewpoint of
improved moldability, the particles should be in the range of 0.1 to 50 pm. Two or more
types of inorganic fillers having different average dimensions can be used in combination.
[0025] In order to improve affinity to component (I), component (IV) can be subjected
to surface treatment with a silane coupling agent, a titanate coupling agent, or another
similar coupling agent. Such silane coupling agents can be represented by 3-
glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl methyldiethoxysilane, 2-(3,4-
epoxycyclohexyl) ethyltrimethoxysilane, or a similar epoxy-containing alkoxysilane; N-(2-

aminoethyl)-3-aminopropyl trimethoxysilane, 3-aminopropyl triethoxysilane, N-phenyl-3-
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aminopropyl trimethoxysilane, or a similar amine-containing alkoxysilane; 3-
mercaptopropyl trimethoxysilane or a similar mercapto-containing alkoxysilane; as well as
3-isocyanatepropyl triethoxysilane, or 3-ureidopropyl trimethoxysilane. And such titanate
coupling agent can be represented by titanium tris(isostearate) i-propoxide. These coupling
agents can be used in combination of two or more. There are no special restrictions with
regard to the amounts in which the aforementioned coupling agents can be used. There are
no restrictions also with regard to the methods of surface treatment. .

[0026] Component (IV) should be used in the amount of at least 20 wt.%, preferably at
least 30 wt.%, more preferably at least 50 wt.%, and most preferably at least 80 wt.% of
the weight of the composition. If component (IV) is used in the amount less than the
recommended lower limit, it will be difficult to impart sufficient strength to the cured body
of the composition.

[0027] In the composition of the invention, component (IV) can be dispersed either in
component (I) or in component (II). In order to improve affinity of component (IV) to
component (I) or (II), a coupling agent, such as a silane coupling agent or a titanate
coupling agent can be added to the mixture. These coupling agents can be exemplified by
the same compounds as mentioned above.

[0028] The composition of the invention may additionally contain a curing accelerator
(V). Such component (V) may be represented by triphenylphosphine, tributylphosphine,
tri(p-methylphenyl) phosphine, tri(nonylphenyl) phosphine, triphenylphosphine-
triphenylborate, tetraphenylphosphine-tetraphenylborate, or similar phosphorous '
compounds; triethylamine, benzyldimethylamine, a-methylbenzyldimethylamine, 1,8-
diazobicyclo [5.4.0] undecene-7, or similar tertiary amine compounds; 2-methylimidazole,
2-phenylimidazone, 2-phenyl-4-methylimidazole, or similar imidazole compounds.

[0029] There are no special restrictions with regard to the amount in which component
(V) can be added to the composition, but in general it can be recommended that this
component be contained in the range of 0.001 to 20 parts by weight per 100 parts by
weight of component (I). If the content of component (V) is below the recommended lower
limit, it will be difficult to accelerate the reaction between components (I) and (II). If, on
the other hand, the content of component (V) exceeds the recommended upper limit, this
will impair strength of the cured body.

[0030] If necessary, the composition can be further combined with a stress-reducing

agent, such as thermoplastic resin, thermoplastic elastomer, organic synthetic rubber,
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silicone, etc.; wax such as carnauba wax, higher fatty acid, synthetic wax, etc.; a coloring

agent such as carbon black; a halogen-trap agent, etc.

~ [0031] There are no restrictions for the method of preparation of the composition, and

the composition can be prepared by merely uniformly mixing components (I) to (IV), if
necessary, with an addition of the arbitrary components. Dispersion conditions of
component (III) can be improved if component (III) is added to and mixed with a
composition obtained by premixing components (I) and (IT). Alternatively, components
(II), (1), and arbitrary components can be added to and uniformly mixed with a
premixture of components (I) and (IV). In this case, the process can be exemplified by a
so-called integral-blend method in which a coupling agent is added to components (D and
(IV), or by a method of premixing component (T) with component (IV) surface treated with
a coupling agent. Mixing can be carried out by means of a single-shafi-type or a two-shaft-
type continuous mixer, a two-roll mill, a Ross® mixer, a kneader mixer, a Henschel mixer,
or the like.

[0032] Since the composition of the invention possesses excellent moldability prior to
curing, it is suitable for use as a sealing agent, paint, coating agent, filler, adhesive, or a
similar agent for electric or electronic devices and can be processed by transfer molding,
injection molding, potting, casting, powder coating, immersion coating, drop-wise

application, etc., for forming a cured body of low modulus of elasticity and high strength.

Examples
[0033] The curable epoxy resin composition of the invention will be further described

in more detail with reference to Practical Examples. All values of viscosities used in the
examples correspond to 25°C.

[0034] Characteristics of the curable epoxy resin compositions and cured bodies of the
compositions were measured by the methods described below. The compositions were pre-
cured by transfer press-curing for two minutes at 175°C under pressure of 70 kgf/cm? and

then post-cured for 5 hours at 180°C.

[Moldability]
[0035]
- Spiral flow: measured at 175°C and 70 kgf/cm? by the method prescribed by the EMMI

standard.
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- Mold contamination: after continuously molding 5 disks with a diameter of 50 mm and a

thickness of 2 mm in a row, the tarnishing of the chrome-plated surface of the mold was
observed visually, designating cases in which there was no mold contamination as [Q],

case in which there was a thin tarnishing layer on the surface of the mold, as [A], and

cases in which there was contamination on the surface of the mold, as [X].

[Mechanical Characteristics]

[0036]

- Flexural modulus of elasticity: measured as specified by JIS K 6911.
- Flexural strength: measured as specified by JIS K 6911.

[Practical Example 1]
[0037] A curable epoxy resin composition was prepared by melting and uniformly
mixing the following components by means of a hot two-roll mill: 51 parts by weight of a
biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 39.0 parts by weight of a
biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
3.0 parts by weight of a dimethylpolysiloxane of the following formula:

A - CH2CH,; (CHs), SiO [(CHs), SiO]e7 Si(CH3); CH,CH, - A
{where “A” is represented by the following formula:

[X(CHs)2 SiO12]1.6 (SiO42)1.0
(where “X” is composed of single bonds and 3-glycidoxypropyl groups; at least one “X” in
one molecule is a single bond, and the remaining part of “X” consists of 3-glycidoxypropyl
groups)}; 510 parts by weight of spherical amorphous silica with an average particle size
equal to 14 um (the product of Denki Kagaku Kogyo Co., Ltd. known under the name of
FB-48X); 1.0 part by weight of triphenylphosphine; and 1.0 part by weight of carnauba
wax. Characteristics of the aforementioned curable epoxy resin compositions and of the

cured bodies were measured. The results of measurement are shown in Table 1.

[Practical Example 2]

[0038] A curable epoxy resin composition was prepared by melting and uniformly
mixing the following components by means of a hot two-roll mill: 51.1 parts by weight of
a biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 38.9 parts by weight of a
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biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
3.0 parts by weight of a dimethylpolysiloxane of the following formula:

A - CH,CH; (CHs), SiO [(CH3), SiOJg7 Si(CHz), CH,CH, - A
{where “A” is represented by the following formula:

[X(CHz)2 SiO1)1.6 (SiOan)1.0 .
(where “X” is composed of single bonds, trimethoxysilylpropyl groups, and 3-
glycidoxypropyl groups; at least one “X” in one molecule is a single bond, and the
remaining part of “X” consists of trimethoxysilylpropyl groups and 3-glycidoxypropyl
groups used in a mole ratio of 1 to 4)}; 510 parts by weight of spherical amorphous silica
with an average particle size equal to 14 pm (the product of Denki Kagaku Kogyo Co.,
Ltd. known under the name of FB-48X); 1.0 part by weight of triphenylphosphine; and 1.0
part by weight of carnauba wax. Characteristics of the aforementioned curable epoxy resin
compositions and of the cured bodies were measured. The results of measurement are

shown in Table 1.

[Practical Example 3]
[0039] A curable epoxy resin composition was prepared by melting and uniformly
mixing the following components by means of a hot two-roll mill: 51.2 parts by weight of
a biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 38.8 parts by weight of a
biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
3.0 parts by weight of a dimethylpolysiloxane of the following formula:

A - CH,CH, (CHs); SiO [(CHs), SiOl162 Si(CHs3), CH,CH, - A
{where “A” is represented by the following formula:

[X(CHs), SiO1a]16 (SiOun)io
(where “X” is composed of single bonds, trimethoxysilylpropyl groups, and 3-
glycidoxypropyl groups; at least one “X” in one molecule is a single bond, and the
remaining part of “X” consists of trimethoxysilylpropyl groups and 3-glycidoxypropyl
groups used in a mole ratio of 1 to 4)}; 510 parts by weight of spherical amorphous silica
with an average particle size equal to 14 um (the product of Denki Kagaku Kogyo Co.,
Ltd. known under the name of FB-48X); 1.0 part by weight of triphenylphosphine; and 1.0

part by weight of carnauba wax. Characteristics of the aforementioned curable epoxy resin
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compositions and of the cured bodies were measured. The results of measurement are

shown in Table 1.

[Practical Example 4]
[0040] A curable epoxy resin composition was prepared by melting and uniformly
mixing the following components by means of a hot two-roll mill: 50.3 parts by weight of
a biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 39.7 parts by weight of a
biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
3.0 parts by weight of a dimethylpolysiloxane of the following formula:

A - CH,CH, (CHj3), SiO [(CHs), SiO]16, Si(CH3), CH,CH, - A
{where A is represented by the following formula:

[X(CHs); SiO112]0.5 [(CH3)s 8i0112]0.8 (SiO4n)1.0
(where X is composed of single bonds, octyl groups, and glycidoxypropyl groups; at least
one X in one molecule is a single bond, and the remaining part of X consists of octyl
groups and 3-glycidoxypropyl groups used in a mole ratio of 1 to 4)}; 510 parts by weight '
of spherical amorphous silica with an average particle size equal to 14 pm (the product of
Denki Kagaku Kogyo Co., Ltd. known under the name of FB-48X); 1.0 part by weight of
triphenylphosphine; and 1.0 part by weight of carnauba wax. Characteristics of the
aforementioned curable epoxy resin compositions and of the cured bodies were measured.

The results of measurement are shown in Table 1.

[Comparative Example 1]

[0041] A curable epoxy resin composition was prepared by melting and uniformly
mixing the following components by means of a hot two-roll mill: 51.5 parts by weight of
a biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 38.5 parts by wéight ofa
biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
510 parts by weight of spherical amorphous silica with an average particle size equal to 14
pm (the product of Denki Kagaku Kogyo Co., Ltd. known under the name of FB-48X); 1.0
part by weight of triphenylphosphine; and 1.0 part by weight of carnauba wax.
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Characteristics of the aforementioned curable epoxy resin compositions and of the cured

bodies were measured. The results of measurement are shown in Table 1.

[Comparative Example 2]
[0042]
mixing the following components by means of a hot two-roll mill: 41.5 parts by weight of

A curable epoxy resin composition was prepared by melting and uniformly

a biphenyl-aralkyl type epoxy resin (produced by Nippon Kayaku Co., Ltd. under the name
NC-3000; epoxy equivalent = 275; softening point = 56°C); 38.5 parts by weight of a
biphenyl-aralkyl type phenol resin (produced by Meiwa Plastic Industries Co., Ltd. under
the name MEH7851M; phenolic hydroxyl group equivalent = 207; softening point = 80°C);
3.0 parts by weight of a diorganopolysiloxane of the following formula:

(CH3)3 SiO [(CHs), SiO]130 [Z(CH;5)Si0]3 [CHz CO{OCH(CH3)CHj}24 (OCH,CH,)a4
OCHCH,CH,(CH3)SiO]; Si(CH;);

(where “Z” is a 3-glycidoxypropyl group); 510 parts by Weight of spherical amorphous
silica with an average particle size equal to 14 pum (the product of Denki Kagaku Kogyo
Co., Ltd. known under the name of FB-48X); 1.0 part by weight of triphenylphosphine;
and 1.0 part by weight of carnauba wax. Characteristics of the aforementioned curable
epoxy resin compositions and of the cured bodies were measured. The results of

measurement are shown in Table 1.

[0043] [Table 1]

Examples Practical Examples Comp. Ex.
Characteristics 1 2 3 4 1 2
Spiral flow (inch) 17 17 17 22 25 23
Mold contamination O O O O O X
Flexural =~ modulus of
elasticity (kefimn?) 2260 2160 2240 2180 2380 2320
Flexural strength (kgf/mm?) 13.1 13.0 13.0 13.0 11.9 10.7

Industrial Applicability
[0044]

Since the curable epoxy resin composition is characterized by excellent

moldability prior to curing, and, when cured, forms a cured body which, in spite of low
modulus of elasticity (low stress), has high strength, it is suitable for use as a sealing agent

for semiconductor devices.
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CLAIMS

A curable epoxy resin composition comprising at least the following components:

(D an epoxy resin;

(ID) a curing agent for an epoxy resin;

(II) a diorganosiloxane that is used in an amount of 0.1 to 100 parts by weight per
100 parts by weight of the sum of components (I) and (II) and is represented by the
following general formula:

A-R*(R';8i0), R1,Si-R-A
{where R! designates the same or different unsubstituted or substituted monovalent
hydrocarbon groups which are free of unsaturated aliphatic bonds; R? designates a
bivalent organic group; “A” designates a siloxane residual radical represented by the
following average unit formula: |
(XR';8i011)a (SiO41)y
(where R! is the same as defined above, and “X” is a single bond, a hydrogen atom, a
group designated by R', an epoxy-containing monovalent organic group, or an
alkoxysilylalkyl group; however, in one molecule at least one group designated by
“X”is a single bond, at least two groups designated by “X” are epoxy-containing alkyl

€C %0 3

groups; “a” is a positive number; “b” is a positive number; and “a/b” is a number
ranging from 0.2 to 4), and where “n” is an integer equal to or greater than 1}, and
(IV) an inorganic filler (contained in the composition in the amount of at least 20

Wt.%).

The curable epoxy resin composition of Claim 1, wherein component (I) is an

epoxy resin that contains biphenyl groups.

The curable epoxy resin composition of Claim 1, wherein component (II) is a

compound that contains phenolic hydroxyl groups.

The curable epoxy resin composition of Claim 3, wherein the compound that

contains phenolic hydroxyl groups is a biphenyl-containing phenol resin.

The curable epoxy resin composition of Claim 1, wherein component (IT) is
contained in such an amount that the content of epoxy reactive functional groups in
component (II) is in the range of 0.5 to 2.5 moles per 1 mole of the epoxy groups of

component (I).
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6. The curable epoxy resin composition of Claim 1, wherein in component (III) at
least one group designated by “X” is a monovalent hydrocarbon group having six or

more carbon atoms.

7. The curable epoxy resin composition of Claim 1, wherein in component (III) at

least one group designated by “X” is an alkoxysilylalkyl group.

8. The curable epoxy resin composition of Claim 1, wherein component (IV) is a

sphericaluinorganic filler.

9. The curable epoxy resin composition of Claim 1, wherein component (IV) is a

spherical amorphous silica.

10.  The curable epoxy resin composition of Claim 1, further provided with (V) a curing

accelerator for an epoxy resin.

11. The curable epoxy resin composition according to any claim from 1 to 10, wherein

the curable epoxy resin composition is a sealing agent for a semiconductor device.

12. A cured body obtained by curing the curable epoxy resin composition according to

any claim from 1 to 10.
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