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(54) Title: CURABLE SILICONE COMPOSITION AND ELECTRONIC DEVICE PRODUCED THEREFROM

(57)2Ablstract: /? cura‘gle silicone con}position comprising: (A) a diorganosiloxane represented by the following general formula:
&\ A-R-(R,8i0),R ,Si-R -A {wherein R represents the same or different optionally substituted univalent hydrocarbon groups that do
& not have unsaturated aliphatic bonds; R Eepresents bivalent organic groups; A designates siloxane residual radicals represented by
B the following average unit formula: (XR ,Si0;5), (8iO4), (Wherein R designates the previously mentioned group; X designates
& a single bond, hydrogen atom, the previously mentioned group that is designated by R, an epoxy-containing alkyl group, or an
& alkoxysilylalkyl group; at least one X in one molecule is a single bond; at least two X’s are epoxy-containing alkyl groups; "a"
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a"isa
positive number, "b" is a positive number; and "a/b" is a positive number within the range of 0.2 to 4), and "n" is an integer which
O is equal to or greater than 1}; and (B) a curing agent for an epoxy resin, is characterized by excellent handlability and curability and
that is suitable for curing into a cured body that has excellent flexibility and adhesive characteristics; to provide a highly reliable
g electronic device.
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DESCRIPTION

CURABLE SILICONE COMPOSITION
AND ELECTRONIC DEVICE PRODUCED THEREFROM

Technical Field

[0001] The present invention relates to a curable silicone composition and electronic

devices produced with the use of the composition. More specifically, the invention relates
to a curable silicone composition that is characterized by perfect handlability and
curability, and that, when cured, forms a cured body that possesses flexibility and adhesive
properties. The invention also relates to electronic devices that are reliable and sealed or

adhesively attached with the use of the aforementioned composition.

Background Art

[0002] The problem associated with known curable resin compositions, such as, e.g.,
epoxy resin compositions used as sealants and adhesives for parts of electrical and
electronic devices, is high stress that can easily develop in the aforementioned parts
because of high modulus of elasticity and rigidity when these parts are subject to thermal
expansion. Furthermore, cracks can easily develop in the cured resin itself when the parts
or substrates of the electronic or electrical devices are subject to buckling, or gaps may
occur between the parts and the cured bodies of resin. In some cases, the parts may become
damaged.

[0003] In order to reduce development of stress in the cured products, it has been
proposed to use the following substances: a curable resin composition that contains a
silicone resin with epoxy groups (see Japanese Unexamined Patent Application Publication
(hereinafter referred to as "Kokai") H5-295084); a die-attaching paste prepared from a
product of a reaction of an epoxy resin and a cyanate resin with an epoxy-containing
dimethylsiloxane compound (see Kokai H10-147764 and Kokai H10-163232); or a die
bonding material comprised of a product of a reaction between an epoxy-containing
silicone oil and a phenolic-type organic compound (see Kokai H7-22441, Kokai H7-
118365, and Kokai H10-130465). However, the cured bodies produced from these
substances possess rigidity and their stress-reduction efficiency is still low. Therefore their

use for parts of electrical and electronic devices is limited.
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[0004]  On the other hand, since curable silicone compositions possess excellent

electrical characteristics such as dielectric properties, coefficient of volumetric resistance
and resistance of insulation to voltage breakdown, these compositions are used as sealants
and adhesives for parts of electrical and electronic devices. However, since the cured
bodies obtained from such compositions are soft and have low strength and low modulus
of elasticity, their mechanical protective properties for electrical and electronic devices, i.e.,
protection against external impacts that may be applied to such devices, are very low.
Another drawback is a low adhesive strength of the cured products of the composition to
electrical and electronic devices, whereby gaps may occur between the parts and the cured
products. Attempts have been made to reduce the coefficient of thermal expansion of the
soft cured bodies by filling their materials with fillers. In this case, however, the products
lose their softness and ﬂexibility.

[0005] Kokai H6-306084 discloses a curable silicone composition that has a short gel-
formation time and is composed of an epoxy-modified silicone oil and phenol-modified
silicone oil. However, this curable silicone composition has poor curability and requires
Jong heating for curing. Another problem is that cured products prepared from this
composition are extremely brittle.

[0006] It is an object of the present invention to provide a curable silicone composition
that possesses excellent handlability and curability, and that, when cured, forms a cured
product of good flexibility and with excellent adhesive properties. It is another object to

provide highly reliable electronic devices.

Disclosure of Invention

[0007] The curable silicone composition of the present invention comprises:
(A) a diorganosiloxane represented by the following general formula:
A-R%-(R%,8i0), R13Si-R*A
{wherein R! represents the same or different optionally substituted univalent hydrocarbon
groups that do not have unsaturated aliphatic bonds; R? represents bivalent organic groups;
A represents siloxane residual radicals represented by the following average unit formula:
(XR',8i0172)a (S10an)s
(wherein R! designates the previously mentioned groups; X designates a single bond,
hydrogen atom, the previously mentioned group that is designated by R!, an epoxy-
containing alkyl group, or an alkoxysilylalkyl group; with the proviso that at least one X in

[Pt

one molecule is a single bond; at least two X’s are epoxy-containing alkyl groups; “a” is a -
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positive number, “b” is a positive number; and “a/b” is a positive number within the range
of 0.2 to 4), and “n” is an integer which is equal to or greater than 1}; and

(B) a curing agent for an epoxy resin.

[0008] An electronic device of the present invention is sealed or adhered with the use

of a cured body produced from the aforementioned curable silicone composition.

Effects of Invention

[0009]  Since the curable silicone composition of the invention is characterized by
excellent handlability and curability, it can be molded during a short time and at low
heating temperatures. This, in turn, makes it possible to reduce inner stress caused by
thermal expansion and to prevent damage when the composition is used as a protective
agent, sealant, or an adhesive agent for delicate and brittle parts. Furthermore, the
composition provides strong adhesion to various substrates. Since the electronic devices of
the invention are sealed or adhesively attached with the use of a cured body of the above-

described composition, they acquire high reliability.

Brief Description of the Drawings

[0010]  Fig. 1 is a sectional view of an LSI as an example of an electronic device of the
invention.
[0011] - Fig. 2 is a sectional view of another LSI as an example of an electronic device of

the invention.

Reference numbers
1 semiconductor element
2 substrate
3 ball grid
4 heat spreader
5 heat radiating element
6 heat radiating fin
7 heat radiating element
8 external lead
9 internal lead

fam—y
o

bonding wire

Jom—y
—

sealant
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Detailed Description of the Invention

[0012] A detailed description will be given first to the curable silicone composition of
the invention.
[0013] The diorganosiloxane of component (A) is a main component of the
composition of the invention. It is represented by the following general formula:

A-R%-(R1,8i0), R1,Si-R*A
[0014] In this formula, R! may be the same or different and designates optionally
substituted univalent hydrocarbon groups that do not have aliphatically unsaturated bonds.
The following are specific examples of such univalent hydrocarbon groups: methyl, ethyl,
propyl, butyl, pentyl, hexyl, or similar alkyl groups; cyclopentyl, cyclohexyl, cycloheptyl,
or similar cycloalkyl groups; phenyl, tolyl, xylyl, or similar aryl groups; benzyl, phenethyl,
phenylpropyl, or similar aralkyl groups; 3-chloropropyl, 3,3,3-trifluoropropyl, or similar
halogenated alkyl groups. Most preferable are alkyl groups, especially methyl groups. In
the above formula, R? designates a bivalent organic group, such as ethylene,
methylethylene, propylene, butylene, pentylene, hexylene, or a similar alkylene group;
ethyleneoxy ethylene, ethyleneoxy propylene, ethyleneoxy butylene, propyleneoxy
propylene, or a similar alkylenoxy alkylene group. Most preferable of these groups is the
alkylene group, especially the ethylene group. Furthermore, in the above formula, “n” is an
integer equal to or greater than 1 and designates a degree of polymerization of the
diorganosiloxane in the main molecular chain. From the view point of better flexibility in a
cured body of the aforementioned composition, it is recommended that “n” is an integer
not less than 10. Although there are no special restrictions with the regard to the upper
limit of “n”, it is recommended that “n” is an integer not more than 500.
[0015] In the above formula, “A” designates siloxane residual radicals represented by
the following average unit formula:

(XR'2Si0112)a (SiOa),
wherein R! may be the same or different and designates optionally substituted univalent
hydrocarbon groups that do not have aliphatically unsaturated bonds. These groups are the
same as exemplified above, and preferably be alkyl groups, especially methyl groups.
Furthermore, in the above formula X designates a single bond, hydrogen atom, the
previously mentioned group that is designated by R!, an epoxy-containing alkyl group, or
an alkoxysilylalkyl group. Examples of groups designated by R! are the same as those

given above. The following are examples of epoxy-containing alkyl groups: 2-
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glycidoxyethyl, 3-glycidoxypropyl, 4-glycidoxybutyl, or a similar glycidoxyalkyl group; 2-

(3,4-epoxycyclohexyl) ethyl, 3-(3,4-epoxycyclohexyl) propyl, or a similar 3,4-

epoxycyclohexylalkyl group; 4-oxylanylbutyl, 8-oxylanyloctyl, or a similar oxylanylalkyl
group. The alkoxysilylalkyl group can be represented by a trimethoxysilylethyl group,
trimethoxysilylpropyl group, dimethoxymethylsilylpropyl group, methoxydimethyl-
silylpropyl group, triethoxysilylethyl group, and a tripropoxysilylpropyl group. At least
one X in one molecule is a single bond. This bond is used for bonding to R? in the formula
of the aforementioned diorganopolysiloxane. Furthermore, at least two X’s are epoxy-
containing alkyl groups, preferably glycidoxyalkyl groups, and even more preferably, 3-
glycidoxypropyl groups. In the formula, “a” is a positive number, “b” is a positive number;
and “a/b” is a positive number within the range of 0.2 to 4.
[0016] There are special limitations with regard to the molecular weight of component
(A), but it can be recommended that the weight-average molecular weight be within the
range of 500 to 1,000,000. Also, there are no special restrictions with regard to the state of
component (A) at 25°C, but it is preferable that it is a liquid with viscosity in the range of
50 to 1,000,000 mPa-s. The diorganosiloxane suitable for use as component (A) can be
prepared by a method described, e.g., in Kokai H6-56999.
[0017] The epoxy resin curing agent of component (B) cures the composition by
reacting with the epoxy groups of component (A). It is recommended that this curing agent
be a compound that contains in one molecule at least two functional groups reactive with
the epoxy groups. The aforementioned functional groups may be exemplified by primary
amine groups, secondary amine groups, hydroxyl groups, phenolic hydroxyl groups,
carboxylic acid groups, acid anhydride groups, mercapto groups, and silanol groups. From
the point of view of better reactivity and pot life, phenolic hydroxyl groups are preferable.
In other words, it is preferable that component (B) is a phenolic compound such as a
phenolnovolac resin, cresol novolac resin, bisphenol A type compound, or a similar
phenolic resin, or an organosiloxane that contains phenolic hydroxyl groups. For better
reactivity, the phenolic hydroxyl group equivalent should not exceed 1,000, and preferably
should not exceed 500.
[0018] In order to provide improved flexibility in a cured body of the composition of
the invention, it is recommended that the organosiloxane contained in component (B) be
comprised of a diorganosiloxane of the following general formula:

B- (R};810)n R1:Si-B
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(wherein R may be the same or different and designates an optionally substituted
univalent hydrocarbon group that does not have aliphatically unsaturated bonds; B is an
organic group that contains a phenolic hydroxyl group, and “m” is an integer that is equal
to or greater than 1. R! that may be the same or different and designates optionally
substituted univalent hydrocarbon groups without aliphatically unsaturated bonds can be
exemplified by the same groups as given above and preferably be alkyl or aryl groups,
especially methyl and phenyl groups. Organic group B that contains a phenolic hydroxyl
group can be represented by specific examples given below. In the above formula, R is a
bivalent organic group that can be exemplified by ethylene, methylethylene, propylene,
butylenes, pentylene, hexylene, or a similar alkylene group; ethyleneoxyethylene,

ethyleneoxypropylene, ethyleneoxybutylene , propyleneoxypropylene, or a similar

alkyleneoxyalkylene group. Most preferable is the alkylene group, especially the propylene

group.
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[0019] In the above formula, “m” is an integer that is equal to or greater than 1,

preferably an integer within the range of 1 to 1,000, more preferably within the range of 1

to 100, and even more preferably within the range of 1 to 20. If the value of “m” exceeds
5  the recommended upper limit, it will be difficult to handle component (B) and to mix it -

with component (A). It will also be impossible to use the composition if it is diluted with a

solvent.

[0020] The organosiloxane that constitutes component (B) can be represented by the

following examples, wherein “x” is an integer within the range of 1 to 20, and “y” is an

10  integer within the range of 2 to 10.
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[0021] There are no special restrictions with regard to the method that can be used for
the preparation of he organosiloxane of component (B). For example, it can be obtained by
causing a hydrosilylation reaction between an alkenyl-containing phenolic compound and
silicon-bonded hydrogen atoms.

[0022] There are no special restrictions with regard to the state of component (B) at
25°C, and it can be solid or liquid, but the liquid state will be more convenient for |
handling. When at 25°C component (B) is liquid, it should have viscosity within the range
of 1 to 1,000,000 mPa-s, preferably within the range of 10 to 5,000 mPa-s. If viscosity at
25°C is below the lower recommended limit, this will impair mechanical strength of a solid
body obtained by curing the aforementioned composition. If, on the other hand, the
viscosity exceeds the upper recomrpended limit, the composition will be difficult to handle.
[0023] There are no special restrictions with regard to the content of component (B) in
the composition of the invention. However, it can be recommended to use this component
in an amount of 0.1 to 500 parts by weight, preferably 0.1 to 200 parts by weight per 100
parts by weigh of component (A). When component (B) contains phenolic hydroxyl
groups, it is recommended that the mole ratio of the phenolic hydroxyl groups of
component (B) to all epoxy groups of the composition be within the range of 0.2 to 5,
preferably 0.3 to 2.5, and even more preferably, 0.8 to 1.5.  If the mole ratio of the
phenolic hydroxyl groups of component (B) to all epoxy groups of the composition is
below the lower recommended limit, it would be difficult to provide complete curing of the
composition. If, on the other hand, the mole ratio exceeds the upper recommended limit,
this will impair mechanical properties of the cured product.

[0024] If necessary, the composition of the invention may incorporate a curing
accelerator (C) as an arbitrary component. Such curing accelerator (C) can be represented
by a tertiary amine compound; an organic metal compound of such a metal as aluminum,

zirconia, etc.; a phosphine, or a similar organic phosphorous compound; as well as a
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heterocyclic amine compound, complex boron compound, organic ammonium salt, organic
sulfonium salt, organic peroxide, or reaction products of the above compounds. For
example, this can be triphenylphosphine, tributylphosphine, tri(p-methylphenyl)
phosphines, tri(nonylphenyl) phosphines, triphenylphosphine-triphenylborate,
tetraphenylphosphine-tetraphenylborate, or another phosphorous compound; tiethylamine,
benzyldimethylamine, o-methylbenzyldimethylamine, 1,8-diazabicyclo [5.4.0] undecene-
7, or other tertiary amines; 2-methylimidazole, 2-phenylimidazole, 2-phenyl-4-
methylimidazole, or a similar imidazole compound. In order to extend the service life of
the compound, it can be combined with an encapsulated curing accelerator. An
encapsulated curing accelerator can be commercially obtained as an encapsulated amine
catalyst that incorporates an amine catalyst in a bisphenol A type epoxy resin (HX-3088,
the product of Asahi Chemical Co., Ltd.). There are no special restrictions with regard to
the content of component (C) but in general it should be added in an amount of less than 50
parts by weight, preferably 0.01 to 50 parts by weight, and even more preferably, 0.1 to 5
parts by weight per 100 parts by weight of component (A).

[0025] In order to improve mechanical strength of the composition, it may incorporate
a filler (D). Such filler (D) may be comprised of glass fibers, alumina fibers, ceramic
fibers composed of alumina and silica, boron fibers, zirconia fibers, silicon carbide fibers,
metal fibers, or similar fibrous fillers; fused silica, crystalline silica, precipitated silica,
fumed silica, baked silica, zinc oxide, baked clay, carbon black, glass beads, alumina, talc,
calcium carbonate, clay, aluminum hydroxide, magnesium hydroxide, barium sulfate,
aluminum nitride, boron nitride, magnesia, titania, beryllium oxide, kaolin, mica, zirconia,
or other inorganic fillers; fine powders of gold, silver, copper, aluminum, nickel,
palladium, alloys or brasses of the above metals, shape memory alloys, solders, or other
fine metal powders; powders of ceramic, glass, quartz, organic resins, or similar materials
electroplated or surface-coated by vapor deposition with gold, nickel, copper, etc. The
above fillers may be used in a mixture of two or more. Most preferable are alumina,
crystalline silica, aluminum nitrate, boron nitrate, or similar electrically conductive
powders, 'as well as fused silica, precipitated silica, fumed silica, or a similar reinforcement
powder. Silver powder is preferable when a cured body of the composition should possess
electrical and thermal conductivity. Thermal conductivity of a cured body of the
composition can also be improved by compounding the composition with an alumina

powder. The powder particles may have the shape of grounded particles, or may be
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spherical, fibrous, rod-like, flake-like, scale-like, plate-like, coil-like, etc. There are no

 special restrictions with regard to the size of the particles, but in general their maximum

dimension should not exceed 200 pm, and on average should be within the range of 0.001

to 50 um. Also there are no special restrictions with regard to the content of component
(D), but it is recommended to add this component in an amount of no more than 2,000
parts by weight, preferably within the range of 10 to 2,000 parts by weight, and even more
preferably, within the range of 50 to 1,000 parts by weight per 100 parts by weight of the
sum of components (A) and (B).

[0026] In order to reduce viscosity of the composition, improve workability of the
composition, and reduce the modulus elasticity of the cured body, the composition may be
additionally combined with an organosiloxane (E) that has a functional group reactive to
an epoxy group or phenolic hydroxyl group. The organosiloxane of component (E) should
be excepted from the components (A) and (B). The aforementioned functional group may
be comprised of an epoxy-reactive primary amine group, secondary amine group, hydroxyl
group, phenolic hydroxyl group, carboxylic acid group, acid anhydride group, mercapto
group, and a silanol group. From the point of view of improved reactivity and longer pot
life, the phenolic hydroxyl group is preferable. When component (B) contains a phenolic
hydroxyl group, it is preferable to have the aforementioned functional group in the form of
an epoxy group. It is recommended that component (E) has a greater functional group
equivalent than in component (B) and a smaller molecular weight and lower viscosity than
in component (A). Specific examples of component (E) are the following:
polydimethylsiloxane with glycidoxypropyl groups on the molecular chain terminals;
polydimethylsiloxane with hydroxyphenyl groups on the molecular chain terminals; and
polydimethylsiloxane with glycidoxypropyl groups on the molecular chain terminals.
There are no special restrictions with regard to the content of component (E), but it can be
recommended add this component in an amount of less than 500 parts by weight,
preferably 0.1 to 500 parts by weight per 100 parts by weight of component (A).

[0027] In order to reduce viscosity of the composition and to improve its workability,
the composition can be further combined with a solvent (F). There are no special
restrictions with regard to the types of the solvent (F), provided that it is able to dissolve
components (A) and (B). It is recommended, however, to use a solvent of a low molecular
weight that possesses volatility. Such a solvent (F) can be exemplified by hexane, heptane,

or a similar aliphatic hydrocarbon; toluene, xylene, or a similar aromatic hydrocarbon;
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acetone, methylethylketone, methylisobutylketone, or a similar ketone.  Also there are no

special restrictions with regard to the amounts in which component (F) can be used. For
better workability of the composition it can be recommended to use component (F) in an
amount of less than 100 parts by weight per 100 parts by weight of the sum of components
(A) and (B). '

[0028] In order to improve curability, workability, and adhesive properties of the
composition and to adjust modulus of elasticity in a cured body of the composition, the
latter can be further combined with an organic epoxy compound (G). There are no
restrictions with regard to the state of component (G) at 25°C, and it may be solid or liquid,
but the liquid state is preferable. Component (G) can be exemplified by a bisphenol A type
epoxy resin, bisphenol F type epoxy resin, or alicyclic epoxy resin. There are no |
restrictions with regard to the amounts in which component (G) can be used, but it can be
recommended to use it in an amount not exceeding 500 parts by weight, preferably within
the range of 0.1 to 500 parts by weigh per 100 parts by weight of component (A).

[0029] In order to improve adhesion of the composition to a substrate during curing, a
mixture of components (A) and (B), or a the aforementioned mixture with component (D)
dispersed in it can be additionally combined with a coupling agent, such as a silane
coupling agent, titanate coupling agent, or the like. The following are specific examples of
such coupling agents: 3-glycidoxypropy!-trimethoxysilane, 3-glycidoxypropyl-
methyldimethoxysilane, 2-(3,4-epoxycyclohexyl) ethyl-trimethoxysilane, or a similar
epoxy-containing alkoxysilane; N-(2-aminoethyl)-3-aminopropyl-trimethoxysilane, 3-
aminopropyl-triethoxysilane, N-phenyl-3-aminopropyl-trimethoxysilane, or a similar
amino-containing alkoxysilane; 3-mercaptopropyl-trimethoxysilane or a similar mercapto-
containing alkoxysilane. The titanate coupling agent can be represented by i-
propoxytitanium tri(i-isostearate). There are no special restrictions with regard to amounts
in which these coupling agents can be used, but it can be recommended to use them in an
amount of less than 10 parts by weight, preferably 0.01 to 10 parts by weight per 100 parts
by weight of component (A).

[0030] The composition can be combined with other arbitrary components such as
tetramethoxysilane, tetraethoxysilane, dimethyldimethoxysilane,
methylphenyldimethoxysilane, methylphenyldiethoxysilane, phenyltrimethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane, vinyltrimethoxysilane,

allyltrimethoxysilane, allyltriethoxysilane, or a similar alkoxysilane.
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[0031] The composition of the invention is prepared by mixing components (A) and

(B), if necessary, with other components. There are no restrictions with regard to a method
that can be used for mixing the components. For example, components (A), (B), and other
arbitrary components can be mixed simultaneously, or arbitrary components can be added
after premixing components (A) and (B). There are no restrictions also with regard to the
mixing equipment. This can be a single-axle or biaxial continuous-action mixer, two-roller
mill, Ross mixer, Hobart mixer, dental mixer, planetary mixer, or a kneader-mixer.

[0032] The composition of the invention is suitable for use in conjunctions with
transfer molds, injection molds, potting, casting, powdered application, applicatibn by
immersion, or dropwise addition. Various methods can also be selected from potting or
dispensing, screen printing, or application by spreading, etc. A liquid or paste-like state of
the composition are advantageous for optimal matching to specific conditions and for
decrease in the amount of the used material. Since a cured body obtained after curing the
composition possesses excellent flexibility and adhesive properties, the composition is
suitable for use as a sealant, casting agent, coating agent, adhesive agent, etc. in
conjunction with parts of electrical and electronic devices. In particular, the curable
silicone composition that possesses thermally conductive properties can be use as a thermal
interface material (TIM).

[0033] The following is a detailed description of an electronic device made in
accordance with the invention.

[0034] Electronic devices of the present invention are characterized by being sealed or
adhesivély attached with the use of a cured body of the curable silicone composition of the
invention. Such devices can be exemplified by diodes, transistors, thyristors, monolithic
IC’s, hybrid IC’s, LSI, and VLSI. The invention also covers semiconductor elements, e.g.,
those semiconductor elements that are used in diodes, transistors, thyristors, monolithic
IC’s, or hybrid IC’s.

[0035] Fig. 1 is a cross-sectional view of an L.SI shown as an example of an electronic
device o the invention. The electronic device of the invention shown in Fig. 1 utilizes heat
radiation members in the form of thermally conductive cured body obtained from the
curable silicone composition of the invention that contains a thermally conductive powder.
More specifically, the deice of the invention utilizes the aforementioned member as
thermal interface material (TIM). The aforementioned curable silicone compositions that

possess thermal conductivity was prepared by the methods described below in Application
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Examples 5, 6, and 8 to 11. The electronic device shown in Fig. 1 consists of a

semiconductor element 1 that is electrically connected to a substrate 2 with circuit
elements via a solder bumps such as ,e.g., a ball grid 3, provided on the aforementioned
semiconductor element 1. The material of the substrate 2 may be comprised of a glass-fiber
reinforced epoxy resin, bakelite resin, phenol resin, or a similar organic resin; alumina, or
another ceramics; copper, aluminum, or another metal. In addition to the semiconductor
element 1, the substrate 2 may support resistors, capacitors, coils, or other electronic parts.
In the device of Fig. 1. the space between the semiconductor element 1 and the substrate 2
is filled with an underfill material that can be arbitrary.

[0036] The semiconductor element 1 and a heat spreader 4 are in contact via a heat-
radiating element 5. The heat spreader 4 and a heat radiating fin 6 are in contact via a heat-
radiating element 7. The hear spreader 4 and heat radiating fin 6 are made from aluminum,
copper, nickel, or a similar metal. The electronic device shown in Fig. 1 is characterized by
the fact that heat fadiating elements 5 and/or 7 are made from a cured body of the curable
silicone composition of the invention. The cured body of the composition of the invention
can be used for adhesively interconnecting either the semiconductor element 1 and the heat
spreader 4, or the heat spreader 4 and the heat radiation fin 6. For maintenance purposes, in
the device of the invention the heat radiating member 7 can be replaced by thermally
conductive grease.

[0037] Fig. 2 is a cross-sectional view of an electronic LSI device made in accordance
with the invention. The electronic device of Fig. 2 utilizes a cured body of the curable
silicone composition of the invention as a sealing member. Such a cured body should
demonstrate high mechanical strength rather than heat-conductive properties, and the
composition of the invention for these purposes can be prepared as described in subsequent
Application Examples 1 to 4, 7, and 12. The electronic device of Fig. 2 is comprised of a
semiconductor element 1 installed on a substrate 2, where the semiconductor element 1 and
internal leads 9 that are connected to the external leads 8 are electrically interconnected
through bonding wires 10. In addition to the semiconductor element 1, the substrate 2
may support resistors, capacitors, coils, or other electronic elements. The bonding wires 10
can be made from gold, copper, or aluminum. The semiconductor element 1, bonding
wires 10, can be made from gold, copper, or semiconductor element, bonding wires 10,

and a part of internal leads 9 are sealed with sealant 11.
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[0038] There are no special restrictions with regard to a method for manufacturing a

semiconductor device. For example, the following method can be used for manufacturing a
semiconductor device shown in Fig. 1. A semiconductor element 1 is placed onto a
substrate 2, and then the semiconductor element 1 and the substrate 2 are electrically
connected by means of a ball grid 3. If necessary, an underfill material is introduced.
Following this, a curable silicone composition that possesses heat-conducting properties is
applied onto the surface of the semiconductor element, a heat spreader 4 is attached, and
the curable silicone composition coating is cured. A thermally conductive grease or a
curable silicone composition that possesses thermally conductive properties is applied onto
the heat spreader 4, and a heat radiating fin 6 are attached. If a curable silicone
composition is used, the latter is subject to curing.

[0039] Another method for manufacturing a semiconductor device is illustrated with
reference to Fig. 2. A semiconductor element 1 is attached to a substrate 2 by using a die
bond agent, or the like, and then pads on the semiconductor element 1 and pads on the
internal leads 9 are wire-bonded by means of bonding wires 10. Following this, a curable
silicone composition is applied onto the semiconductor element 1, the semiconductor
element 1, bonding wires 10, and portions of internal leads 9 are filled with the curable

silicone composition, and the curable silicone composition is cured.

Examples

[0040] The curable silicone composition of the invention and electronic devices of
the invention will be further described in detail with reference to application and
comparative examples. Characteristics of the curable silicone composition and cured
products were measured by the methods described below. In the subsequent application
examples, weight-average molecular weights were measured by gel permeation
chromatography using toluene as a medium, and the measured values of the weight-

average molecular weights were recalculated with reference to polystyrene.

[Viscosity]

[0041] Viscosity of the curable resin composition at 25°C was measured with the use
of an E-type viscometer (the product of Tokimec, Inc., digital viscometer, Model DV-U-E
Type II), under the following condition: speed of rotation 2.5 rpm.

[Composite Modulus of Elasticity]

[0042] After the curable resin composition was defoamed at 70 mrﬁHg, it was loaded
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into a mold having a 10 mm-wide, 50 mm-long, and 2 mm-deep cavity, and after pressure
curing for 60 min. under conditions of 150°C and 2.5 MPa was completed, the obtained
cured specimen was subjected to secondary heat treatment in an oven for 2 hours at 180°C.
The composite modulus of elasticity of the obtained specimen at 25°C was measured with
the use of the ARES viscoelasticity tester (the product of Rheometric Scientific Co. ,
Model RDA 700). Measurement was carried out under the following conditions: twist

0.5%; frequency 1 Hz.

[Adhesive Properties]
[0043] The curable resin composition was applied in an amount of about 1 cm’ onto
adherends {a glass plate (a float glass plate, the product of Paltec Co., Ltd.); an aluminum
plate (A1050P, the product of Paltec Co., Ltd.); a nickel plate (SPCC-SB, the product of
Paltec Co., Ltd.); a copper plate (C1100P, the product of Paltec Co., Ltd.) , gold-plated
plate (C2801P, the product of Nippon Test Panel Co., Ltd.)}. The units were heated in an
oven for 2 hours at 125°C and then in an oven for another 2 hours at 180°C. As a result,
specimens for evaluating adhesive properties were produced. The cured coatings were
separated from the specimens by mean of a dental spatula, and the separation conditions
were designated as follows:

CF: separation with fracture of the coating material,

TCF: separation with a thin residual layer left on the interface,

AF: complete separation through interface.

[Buckling]

[0044] A mold (10 mm wide x 50 mm long x 1 mm deep) was placed onto a polyimide
film (the product of Ube Industries Co., Ltd., Upilex 1258, thickness = 125 um), the mold
was filled with a thermosetting silicone composition, and then a Teflon® sheet was
applied, and the unit was subjected to pressure-molding during 10 min. at 110°C.
Following this, a cured body in a semicured state attached to the polyimide film was
removed from the mold and subjected to post-curing for 2 hours in an oven with
circulation of hot air at 180°C. The unit was cooled to room temperature, and buckling of
the polyamide film was measured by the following method. The polyimide film was placed
onto a flat table, one short side of the rectangular plate was fixed to the table, and the
distance from the table to two end points of the opposite side was measured by a caliper.

An average value of two measurements was used as a criterion for evaluation of buckling.
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[Thermal Resistance]

[0045] The curable silicone composition was sandwiched between two silicone chips
(10 mm x 10 mm x 0.75 mm) to the thickness of 50 pm, and the sandwich was cured at
130°C by heating for 1 hour in a hot-air-circulation oven. Following this, post-curing was
carried out in the hot-air-circulation oven for 3 hours at 150°C, whereby a specimen for
measuring thermal resistance was produced. Thermal resistance of a product obtained by
curing the composition was obtained by measuring thermal resistance of the

aforementioned specimen with the use of a thermal resistance tester from Hitachi, Ltd.

[Application Example 1]
[0046] A curable silicone composition was prepared by mixing the following
components: 31 parts by weight of a dimethylpolysiloxane (weight-average molecular

weight = 47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580) of the following

‘ formula:

X-CH,CH; — [(CH3), SiO]s4 (CH3),Si — CH,CH, - X
{wherein X represents a siloxane residual radical of the following unit formula:

[Y(CHs), SiO112]o [-(CHs)2 SiO1p]1 [SiOuanls
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 2.0 parts by weight of an organopolysiloxane (viscosity = 600 mPa-s) of the
following average unit formula:

[G(CH3)2 SiO12]10 [SiO4n]e
(wherein G is a 3-glycidoxypropyl group); 5 parts by weight of methylhexahydrophthalic
anhydride (HN-5500; the product of Hitachi Chemical Industries Co., Ltd.); 1.0 part by
weight of an encapsulated amine catalyst (HX-3088, the product of Asahi Kasei Co., Ltd.;
amine catalyst content of 40 wt.%); 60.0 parts by weight of fine spherical amorphous silica
powdér (the product of Admatechs Co., Ltd.; “Admafine”; average particle size = 1.5 um);
and 1 part by weight of 3-glycidoxypropyl-trimethoxysilane. Viscosity of the composition
and composite modulus of elasticity, adhesive properties, and buckling characteristics of a

cured body were measured. The results of measurements are shown in Table 1.

[Application Example 2]
[0047] A curable silicone composition was prepared by mixing the following
components: 30.5 parts by weight of a dimethylpolysiloxane (weight-average molecular

weight = 47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580) of the following
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formula:
X-CH,CH; — [(CH3), SiO]ss (CH3),Si — CH,CH, - X
{wherein X represents a siloxane residual radical of the following unit formula:

[Y(CHs), SiO1.2]o [-(CHs)2 SiO1]1 [SiOans

(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of

6:4)}; 1.5 parts by weight of an organopolysiloxane (viscosity = 600 mPa-s) of the
following average unit formula:

[G(CHz3)2 SiO12]10 [SiOas2]6
(wherein G is a 3-glycidoxypropyl group); 7 parts by weight of a liquid phenol-novolac
resin (the product of Meiwa Plastic Ind., Ltd.; “MEH8000; hydroxyl group equivalent =
141); 1.0 part by weight of an encapsulated amine catalyst (HX-3088, the product of Asahi
Kasei Co., Ltd.; amine catalyst content of 40 wt.%); 60.0 parts by weight of fine spherical
amorphous silica powder (the product of Admatechs Co., Ltd.; “Admafine”; average
particle size = 1.5 um); and 1 part by weight of 3-glycidoxypropyltrimethoxysilane.
Viscosity of the composition and composite modulus of elasticity, adhesive properties, and
buckling characteristics of a cured body were measured. The reéults of measurements are

shown in Table 1.

[Application Example 3]

[0048] A curable silicone composition was prepared by mixing the following

components: 31.0 parts by weight of a dimethylpolysiloxane (weight-average molecular

weight = 36,000, f/iscosity = 4,720 mPa-s; epoxy equivalent = 360) of the following

formula: |
X-CH,CH; — [(CHs), SiOl33 (CH3),81 — CH,CH, — X

{wherein X represents a siloxane residual radical of the following unit formula:
[G(CH3); SiO12]o [-(CH3)2 SiO12]1 [SiO4r]6

(wherein G is a 3-glycidoxypropyl group)}; 14.0 parts by weight of an organotrisiloxane

(viscosity = 3,800 mPa-s; hydroxyl group equivalent = 317) of the following formula:
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OH HO
CH3 CH3

CHchQCHQ I'—O Si—0O— SI_CH2CHQCH2

1ok

10.0 parts by weight of a mixture of a 40 wt.% encapsulated amine catalyst with a
bisphenol A epoxy resin (HX-3721, the product of Asahi Kasei Co., Ltd.); 60.0 parts by
weight of fine spherical amorphous silica powder (the product of Admatechs Co., Ltd.;
“Admafine”; average particle size = 1.5 pm); and 1 part by weight of 3-glycidoxypropyl-
trimethoxysilane. Viscosity of the composition and composite modulus of elasticity,
adhesive properties, and buckling characteristics of a cured body were measured. The

results of measurements are shown in Table 1.

[Application Example 4]
[0049] A curable silicone composition was prepared by mixing the following
components: 13.0 parts by weight of a dimethylpolysiloxane (weight-average molecular
weight = 78,000; viscosity = 22,000 mPa-s; epoxy equivalent = 450) of the following
formula:
X-CH,CH; — [(CHs), SiO]ss (CH3),Si— CH,CH, — X
{wherein X represents a siloxane residual radical of the following unit formula:
[G(CHs), SiO12]e [-(CHz)2 SiO1]1 [SiOunls
(wherein G is a 3-glycidoxypropyl group)}; 16.0 parts by weight of a polydimethylsiloxane
(viscosity = 77 mPa-s; hydroxyl group equivalent = 700) of the following formula:

OH HO
CHs cI:H3 CHs

CHZCHZCHZ—?i—O |Si'—O ?i—CHZCHzCHZ
CH; \CHj ” CHj
10.0 parts by weight of a mixture of a 40 wt.% encapsulated amine catalyst with a

biéphenol A epoxy resin (HX-3721, the product of Asahi Kasei Co., Ltd.); 60.0 parts by
weight of fine spherical amorphous silica powder (the product of Admatechs Co., Ltd.;
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“Admafine”; average particle size = 1.5 pm); and 1 part by weight of 3-glycidoxypropyl-
trimethoxysilane. Viscosity of the composition and composite modulus of elasticity,

adhesive properties, and buckling characteristics of a cured body were measured. The

results of measurements are shown in Table 1.

[Application Example 5]
[0050] A curable silicone composition with thermally conductive properties was
prepared by mixing the following components: 9.0 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400
mPa-s; epoxy equivalent = 580) of the following formula:
X-CH,CH; — [(CH3), SiO]ss4 (CH3),Si— CH,CHy — X
{wherein X represents a siloxane residual radical of the following unit formula:
[Y(CHs), SiO112]o [-(CHs)z SiOy2]1 [SiOan]e
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 4.0 parts by weight of an organotrisiloxane (viscosity = 2,600 mPa-s; hydroxyl

group equivalent = 330) of the following formula:

CH40 OCHs
cl:H3 ?H3

HO CH,CH,CH,—Si—O——Si—0—Si—CH,CH,CH, OH

| |
CHs CHj

1.0 part by weight of an encapsulated amine catalyst (HX-3088, the product of Asahi Kasei
Co., Ltd.; amine catalyst content = 40 wt.%); and 86.0 parts by weight of a flake-shaped

1

silver powder (the product of Fukuda Metal Foil & Powder Co., Ltd.; 50% average grain
diameter = 9um or less; tap density = 4.2 to 5.4 g/cm?; apparent density = 2.7 to 3.4
g/em?®). Viscosity of the composition and composite modulus of elasticity, adhesive
properties, and thermal resisfance of a cured body were measured. The results of

measurements are shown in Table 1.

[Application Example 6]
[0051] A curable silicone composition with thermally conductive properties was

prepared by mixing the following components: 6.0 parts by weight of a
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dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400

mPa-s; epoxy equivalent = 580) of the following formula:
X-CH,CH; — [(CH3)z SiOJss (CH3)Si — CHoCHy — X
{wherein X represents a siloxane residual radical of the following unit formula:
[Y(CHsz), SiO1.]o [-(CH3)2 SiOy]1 [SiOar]s
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 3.0 parts by weight of an organotrisiloxane (viscosity = 2,600 mPa-s; hydroxyl
group equivalent = 330) of the following formula:

CH30 OCH,
<|3H3 (|3H3

HO CH,CHoCHy—Si—0—Si—O—Si—CH,CH,CH, OH

| |
CHa CHs

1.0 part by weight bf a mixture of a 35wt.% of an encapsulated amine catalyst with
bisphenol A epoxy resin and bisphenol F epoxy resin (HX-3941HP, the product of Asahi
Kasei Co., Ltd.); and 90.0 parts by weight of a flake-shaped silver powder (the product of
Fukuda Metal Foil & Powder Co., Ltd.; 50% average grain diameter = 9 pm or less; tap
density = 4.2 t0 5.4 g/om®; apparent density = 2.7 to 3.4 g/cm®). Viscosity of the
composition and composite modulus of elasticity, adhesive properties, and thermal
resistance of a cured body were measured. The results of measurements are shown in Table

1.

[Application Example 7]
[0052] A curable silicone composition was prepared by mixing the following
components: 20.0 parts by weight of a dimethylpolysiloxane (weight-average molecular
weight = 78,000; viscosity = 22,000 mPa-s; epoxy equivalent = 450) of the following
formula:

X-CH,CH; — [(CH3), SiO]ss (CH3)2Si — CH,CH, — X
{wherein X represents a siloxane residual radical of the following unit formula:

[G(CHs), SiO112]s [-(CHs)z SiO112]1 [SiO4]6
(wherein G is a 3-glycidoxypropyl group)}; 8.0 parts by weight of a bisphenol A type



10

15

20

WO 2006/098493 PCT/JP2006/305639

21
liquid epoxy resin (Epikote 828, the product of Japan Epoxy Resin Co., Ltd.; epoxy

equivalent = 190); 23.0 parts by weight of an organopolysiloxane (viscosity = 2,600 mPa-s;
hydroxyl group equivalent = 330) of the following formula:

CHs0 @ OCHs
@CH2CH20H2 Si—O—Si—0— Sl_CH2CH20H2@

CH3 CHs

5.0 parts by weight of a mixture of a 35 wt.% encapsulated amine catalyst with a bisphenol
A epoxy resin and a bisphenol epoxy resin F (HXA-4921HP, the product of Asahi Kasei
Co., Ltd.); 4.0 parts by weight of a fine dry-process silica powder (average primary-grain
diameter = 7 to 16 nm); and 40 parts by weight of spherical amorjphous silica powder
(average particle size = 1.5 pm). Viscosity of the composition and composite modulus of
elasticity, adhesive properties, and buckling characteristics of a cured body were measured.

The results of measurements are shown in Table 1.

[Application Example 8]
[0053] A curable silicone composition with thermally conductive properties was
prepared by mixing the following components: 7.0 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 15,100; viscosity = 1,900
mPa-s; epoxy equivalent = 310) of the following formula:

X-CH,CH, — [(CH3), SiOJ,3 (CH3),Si — CH,CH, — X
{wherein X represents a siloxane residual radical of the following unit formula:

[G(CH3), Si0112]o [-(CHa)z SiO1x]1 [SiOans
(wherein G is a 3-glycidoxypropyl group)}; 6.0 parts by weight of an organopolysiloxane
(viscosity = 2,600 mPa-s; hydroxyl group equivalent = 330) of the following formula:
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CH30 OCHjs
CHj (|3H3

HO CHZCHQCHg_—Si—O——Si—O—?i—CHchZCHz OH
CHs CHs

s

1.0 parts by weight of a mixture of a 35 wt.% encapsulated amine catalyst with a bisphenol
A epoxy resin and a bisphenol epoxy resin F (HX-3941HP, the product of Asahi Kasei Co.,
Ltd.); 85 parts by weight of a 11/3 weight-ratio mixture of a spherical fine alumina powder
(average particle size = 8.6 um) and a spherical fine alumina powder (average particle size
=3 um); and 1 part by weight of a 3-glycidoxypropyl-trimethoxysilane. Viscosity of the
composition and composite modulus of elasticity, adhesive properties, and thermal
resistance of a cured body were measured. The results of measurements are shown in Table

1.

[Application Example 9]
[0054] A curable silicone composition with thermally conductive properties was
prepared by mixing the following components: 4.2 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400
mPa-s; epoxy equivalent = 580) of the following formula:
X-CH,CH, - [(CHs), SiO]gs (CH3),Si — CH,CH, — X
{wherein X represents a siloxane residual radiéal of the following unit formula:
[Y(CHs), SiO1]o [-(CHs)2 SiO1.]1 [SiOurle
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 1.2 parts by weight of an organotrisiloxane (viscosity = 2,600 mPa-s; hydroxyl
group equivalent = 330) of the following formula:
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CH30 OCHg
CH3 CH3
CH, CH,

s

1.0 part by weight of a mixture of a 35wt.% of an encapsulated amine catalyst with
bisphenol A epoxy resin and bisphenol F epoxy resin (HX-3941HP, the product of Asahi
Kasei Co., Ltd.); 90.0 parts by weight of a flake-shaped silver*powder (the product of
Fukuda Metal Foil & Powder Co., Ltd.; 50% average grain diameter = 9um or less; tap

- density =4.2 to 5.4 g/em’; apparent density = 2.7 to 3.4 g/em®); and 3.6 part by weight of a

dimethylpolysiloxane of formula:
[(CH3)3 SiO [(CHs), SiOl2s Si (CHs)]-Y

{wherein Y is a dimethylpolysiloxane (weight-average molecular weight = 2500; viscosity

=75 mPa-s) of the following formula:

HO
CH3 CH3 CH3

A—CHZCHZ-?i—O—?i—O—?i—CHZCHzCHQ
CH; O CHs
HO
g
?i—CHzCHZCHz
CHs
[0055] Viscosity of the composition and composite modulus of elasticity, adhesive
properties, and thermal resistance of a cured body were measured. The results of
measurements are shown in Table 1.
[Application Example 10]
[0056] A curable silicone composition with thermally conductive properties was

prepared by mixing the following components: 4.9 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400
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mPa-s; epoxy equivalent = 580) of the following formula:
X-CH,CH, — [(CH3), SiOlss (CHs),Si — CH2CH2 — X
{wherein X represents a siloxane residual radical of the following unit formula:
[Y(CHs); SiO1p]o [-(CHs)2 SiO1]1 [SiO4n]s
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 1.3 parts by weight of an organotrisiloxane (viscosity = 2,600 mPa-s; hydroxyl
group equivalent = 330) of the following formula:

CH30 OCHjs
CH3 CH3

HO CHZCHZCHZ—SI—O——-SI—O—SI—CHZCHZCH2 OH

"0

1.0 part by weight of a mixture of a 35wt.% of an encapsulated amine catalyst with
bisphenol A epoxy resin and bisphenol F epoxy resin (HX-3941HP, the product of Asahi
Kasei Co., Ltd.); and 90.0 parts by weight of a flake-shaped silver powder (the product of
Fukuda Metal Foil & Powder Co., Ltd.; 50% average grain diameter = 9 pum or less; tap
density = 4.2 to 5.4 g/cm’; apparent density = 2.7 to 3.4 g/cm?); and 4.8 part by weight of
an organopolysiloxane (weight-average molecular weight = 2,900; viscosity = 90 mPa-s)

of the following formula:

CH3Q OCHjs
HO CH,CHoCHy— s|—o SI—‘ >*S|—CHZCHZCH2‘©*

[0057] Viscosity of the composition and composite modulus of elasticity, adhesive
properties, and thermal resistance of a cured body were measured. The results of

measurements are shown in Table 1.

[Application Example 11]

[0058] A curable silicone composition with thermally conductive properties was
prepared by mixing the following components: 3.5 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400
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mPa-s; epoxy equivalent = 580) of the following formula:

X-CH,CH, — [(CH3), SiOJss (CH3),Si — CH,CHy ~ X
{wherein X represents a siloxane residual radical of the following unit formula:
[Y(CHj3), SiO12]o [-(CHs)2 SiO1r]1 [SiOupls
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
6:4)}; 1.5 parts by weight of an organotrisiloxane (viscosity = 2,600 mPa-s; hydroxyl
group equivalent = 330) of the following formula:

CH;0 @ OCHs
@CHchZCHZ —~Si—0—Si—0— Sl—CHchQCHZG OH

CH3 CHs

1.0 part by weight of mixture of a 35 wt.% encapsulated amine catalyst with bisphenol A
epoxy resin and bisphenol F epoxy resin (HXA-4921HP, the product of Asahi Kasei Co.,
Ltd.; 94.0 parts by weight of a flake-shaped silver powder (the product of Fukuda Metal
Foil & Powder Co., Ltd.; 50% average grain diameter =9 pm or less; tap density = 4.2 to
5.4 g/em®; apparent density = 2.7 to 3.4 g/cm®); and 4 parts by weight of paraffin having a
220°C boiling point (the product of Nippon Oil Corporation; Isozole 400K). Viscosity of
the composition and composite modulus of elasticity, adhesive properties, and thermal
resistance of a cured body were measured. The results of measurements are shown in Table
1.

[Application Example 12]
[0059] A curable silicone composition with thermally conductive properties was
prepared by mixing the following components: 6.0 parts by weight of a
dimethylpolysiloxane (weight-average molecular weight = 47,900; viscosity = 7,400
mPa-s; epoxy equivalent = 580) of the following formula:
X-CH,CH, — [(CH3), SiO]s4 (CH3),S81 — CH,CH, — X
{wherein X represents a siloxane residual radical of the following unit formula:
[Y(CHs)2 SiO12]o [-(CHs)2 SiO1}1 [SiO4n2]e
(wherein Y represents 3-glycidoxypropyl and 3-trimethoxypropyl groups in a ratio of
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6:4)}; 12.0 parts by weight of a polydimethylsiloxane (viscosity = 77 mPa-s; hydroxyl
group equivalent = 700) of the following formula:

OH HO.
CH3 CI;H3 CH3

CH20HZCH2—?i—O ?i—o Si—CH,CH,CH,
CHs \CHs/,, CHg

)

2 parts by weight of an imidazole derivative (the product of Ajinomoto Co., Ltd.; Amicure
PN-3); 80.0 parts by weight of fine spherical amorphous silica powder (the product of
Admatechs Co., Ltd.; “Admafine”; average particle size = 1.5 pm); and 1 part by weight of
3-glycidoxypropyltrimethoxysilane. Viscosity, composite modulus of elasticity, and
adhesive properties of the obtained curable silicone composition were measured. The

results of measurements are shown in Table 1.

[Comparative Example 1]

[0060] A curable silicone composition was prepared by mixing the following
components: 27.0 parts by weight of a liquid bisphenol A type epoxy resin (the product
of Japan Epoxy Resin Co., Ltd.; Epikote 828; epoxy‘equivalent =190); 11.0 parts by
weight of methylhexahydrophthalic anhydride (HN-5500; the product of Hitachi Chemical
Industries Co., Ltd.); 1.0 part by weight of an encapsulated amine catalyst (HX-3088, the
product of Asahi Kasei Co., Ltd.; amine catalyst content of 40 wt.%); 60.0 parts by weight
of fine spherical amorphous silica powder (the product of Admatechs Co., Ltd.;
“Admafine”; average particle size = 1.5 um); and 1 part by weight of 3-
glycidoxypropyltrimethoxysilane. Viscosity of the obtained composition, and composite
modulus of elasticity, adhesive properties, and buckling characteristics of a cured body

were measured. The results of measurements are shown in Table 1.

[Comparative Example 2]
[0061] A curable silicone composition was prepared by mixing the following
components: 14 parts by weight of a disiloxane (viscosity = 10 mPa-s; epoxy equivalent
= 180) of the following formula:

G-(CHjs), SiO Si (CH3),— G
(wherein G is a 3-glycidoxypropyl group); 23.0 parts by weight of an organotrisiloxane
(viscosity = 2,600 mPa-s; hydroxyl group equivalent = 330) of the following formula:
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CH40 OCHj
' i i

HO CH,CHyCHy—Si—O——Si—0—Si—CH,CH,CH OH

| |
CHs CHs

1.0 part by weight of an encapsulated amine catalyst (HX-3088, amine catalyst content =
40 wt.%; the product of Asahi Kasei Co., Ltd.); 60.0 parts by weight of a fine spherical

2

amorphous silica powder (the product of Admatechs Co., Ltd.; “Admafine”; average

5 particle size = 1.5 pm); and 1 part by weight of 3-glycidoxypropyl-trimethoxysilane.
Viscosity of the composition, and composite modulus of elasticity, adhesive properties of
the obtained curable silicone composition, and buckling characteristics of a cured body
were measured. The results of measurements are shown in Table 1. Cured bodies obtained

from this composition were extremely brittle.

10  [Comparative Example 3]
[0062] A curable silicone composition was prepared by mixing the following
components: = 26.0 parts by weight of a dimethylpolysiloxane (viscosity = 22 mPas;
epoxy equivalent = 650) of the following formula:
G-(CH3), SiO [(CHj), SiOi4 Si (CH3),— G
15  (wherein G is a 3-glycidoxypropyl group); 12.0 parts by weight of an organotrisiloxane
(viscosity = 2,600 mPa-s; hydroxyl group equivalent = 330) of the following formula:

CH30 OCHs
C|3H3 c|3H3

l |
CHs CHs

1.0 part by weight of an encapsulated amine catalyst (HX-3088, amine catalyst content =
40 wt.%; the product of Asahi Kasei Co., Ltd.); 60.0 parts by weight of a fine spherical

)

20  amorphous silica powder (the product of Admatechs Co., Ltd.; “Admafine”; average
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particle size = 1.5 pm); and 1 part by weight of 3-glycidoxypropyl-trimethoxysilane.
Since the obtained composition could not be cured to a sufficient degree even after 12-hour

heat treatment at 150°C, composite modulus of elasticity, adhesive properties and buckling

characteristics of a cured body were not measured.

[Comparative Example 4]

[0063] A curable silicone composition was prepared by mixing the following
components: 85.3 parts by weight of a dimethylpolysiloxane (viscosity = 2,000 mPa-s)
capped at both molecular terminals by dimethylvinylsilyl groups; 1.3 parts by weight of a
methylhydrogenpolysiloxane (viscosity = 50 mPa-s) capped at both molecular terminals
with trimethylsilyl groups; a complex of platinum and 13-divinyl-1,1,3,3-
tetramethyldisisloxane used in an amount that ensures 5 ppm concentration of metallic
platinum in the composition), and 12.3 parts by weight of affine dry-process silica powder
(an average primary-particle size is within the range of 7 to 16 nm). Viscosity of the
composition, and composite modulus of elasticity, adhesive properties of the obtained
curable silicone composition, and buckling characteristics of a cured body were measured.

The results of measurements are shown in Table 1.

[Comparative Example 5]

[0064] A curable silicone composition having thermally conductive properties was
prepared by mixing the following comi)onents: 5.0 parts by weight of a liquid bisphenol A
epoxy resin (the product of Japan Epoxy Resin Co., Ltd.; Epikote 828, epoxy equivalent =
190); 4.0 parts by weight of methylhexahydrophthalic anhydride (HN-5500; the product of

. Hitachi Chemical Industries Co., Ltd.); 1.0 part by weight of a mixture of a 35wt.% of an

encapsulated amine catalyst with bisphenol A epoxy resin and bisphenol F epoxy resin
(HX-3941HP, the product of Asahi Kasei Co., Ltd.); and 90.0 parts by weight of a flake-
shaped silver powder (the product of Fukuda Metal Foil & Powder Co., Ltd.; 50% average
grain diameter =9 um or less; tap density =4.2 to 5.4 g/cm’; apparent density = 2.7 to 3.4
g/cm3). Viscosity of the composition, and composite modulus of elasticity, adhesive
properties of the obtained curable silicone composition, and heat resistance characteristics

of a cured body were measured. The results of measurements are shown in Table 1.

[Comparative Example 6]
[0065] A curable silicone composition having was prepared by mixing the following

components: 17.0 parts by weight of a liquid bisphenol A epoxy resin (the product of Japan



10

WO 2006/098493 PCT/JP2006/305639

29
Epoxy Resin Co., Ltd.; Epikote 828, epoxy equivalent = 190); 12.0 parts by weight of
methylhexahydrophthalic anhydride (HN-5500; the product of Hitachi Chemical Industries
Co., Ltd.); 10.0 part by weight of a mixture of a 40 wt.% of an encapsulated amine catalyst
with bisphenol A epoxy resin (HX-3721, the product of Asahi Kasei Co., Ltd.); 60.0 parts
by weight of a fine spherical amorphous silica powder (the product of Admatechs Co.,
Ltd.; “Admafine”; average particle size = 1.5 pm); and 1 part by weight of 3; |
glycidoxypropyltrimethoxysilane. Viscosity of the composition, and composite modulus of
elasticity, adhesive properties of the obtained curable silicone composition, and buckling
characteristics of a cured body were measured. The results of measurements are shown in
Table 1.
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Industrial applicability

[0067] Since the composition of the invention is suitable for use in conjunctions with
transfer molds, injection molds, potting, casting, powdered application, application by
immersion, or dropwise addition. Various methods can also be selected from potting or
dispensing, screen printing, or application by spreading, etc., and since a cured body
obtained after curing the composition possesses excellent flexibility and adhesive
properties, the composition is suitable for use as a sealant, casting agent, coating agent,
adhesive agent, etc. for parts and units of electrical and electronic devices. In particular, the
curable silicone composition that possesses thermally conductive properties can be used as

a heat-radiating interface material (TIM).
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CLAIMS

L. A curable silicone composition comprising:
(A) a diorganosiloxane represented by the following general formula:
A-R%-(R1,8i0), R,8i-R-A
{wherein R’ represents the same or different optionally substituted univalent hydrocarbon
groups that do not have unsaturated aliphatic bonds; R represents bivalent organic groups;
A designates siloxane residual radicals represented by the following average unit formula:
(XR';8i0112)a (SiOan)y
(wherein R! designates the previously mentioned groups; X designates a single bond,
hydrogen atom, the previously mentioned group that is designated by R!, an epoxy-
containing alkyl group, or an alkoxysilylalkyl group; at least one X in one molecule is a
single bond; at least two X’s are epoxy-containing alkyl groups; “a” is a positive number,
“b” is a positive number; and “a/b” is a positive number within the range of 0.2 to 4), and
“n” is an integer which is equal to or greater than 1}; and

(B) a curing agent for an epoxy resin.

2. The curable silicone composition of Claim 1, wherein “n” in component (A) is an

integer equal to or greater than 10.

3. The curable silicone composition of Claim 1, wherein component (B) is a phenol
compound.
4, The curable silicone composition of Claim 3, wherein the phenolic hydroxyl group

equivalent of component (B) is equal to or below 1,000.

5. The curable silicone composition of Claim 1, wherein the content of component (B)

is within the range of 0.1 to 500 parts by weight per 100 parts by weight of component (A).

6. The curable silicone composition of Claim 1, further comprising (C) a curing
accelerator.
7. The curable silicone composition of Claim 6, wherein component (C) is an

encapsulated amine-type curing accelerator.

8. The curable silicone composition of Claim 1, wherein the content of said

component (C) is 50 or less parts by weight per 100 parts by weight of component (A).

9. The curable silicone composition of Claim 1, further comprising (D) a filler.
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10.  The curable silicone composition of Claim 9, wherein said component (D) is a

thermally conductive powder.

11. The curable silicone composition of Claim 9, wherein said component (D) is a

silver powder.

12.  The curable silicone composition of Claim 9, wherein said component (D) is an

alumina powder.

13.  The curable silicone composition of Claim 9, wherein the content of said
component (D) is 2,000 or less parts by weight per 100 parts by weight of the sum of
components (A) and (B). |

14. The curable silicone composition of Claim 1, further comprising (E) an
organosiloxane that has a functional group reactive to an epoxy group or phenolic hydroxyl

group, with the exception of those of components (A) and (B).

15.  The curable silicone composition of Claim 14, wherein the content of said

component (E) is 500 or less parts by weight per 100 parts by weight of component (A).
16.  The curable silicone composition of Claim 1, further comprising (F) a solvent.

17.  The curable silicone compbsition of Claim 16, wherein the content of said
component (F) is 100 or less parts by weight per 100 parts by weight of the sum of
components (A) and (B).

18.  The curable silicone composition of Claim 1, further comprising (G) an organic

epoxy compound.

19.  The curable silicone composition of Claim 18, wherein the content of said

component (G) is 500 or less parts by weight per 100 parts by weight of component (A).

20.  Anelectronic device adhered or sealed with the use of a cured body produced from

a curable silicone composition as claimed in any of Claims from 1 to 19.
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