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DESCRIPTION

RESIN COMPOSITION AND

HYBRID INTEGRATED CIRCUIT BOARD MAKING USE OF THE SAME

TECHNICAL FIELD

The present invention relates to a resin compositioh
which is suitably used as an insulating layer for a metal
base circuit board because of being excellent in
electrical insulation, having a high thermal conductivity
and being excellent in adhesion to a heat-dissipating
material, in particular a metal plate, for an electrical
component or electronic component, the metal base circuit
board having a circuit disposed on a metal plate through
the insulating layer. The present invention also relates
to a method for preparing the above-mentioned resin
material, and a substrate for a hybrid integrated circuit
and a circuit board, which make use of the resin

composition.

BACKGROUND ART

There has been known a metal base circuit board
which includes a circuit through an insulating layer made
of a resin with an inorganic filler filled therein, and
there also has been known a resin composition for such an
insulating layer, which is densely filled with a

spherical inorganic filler to have not only a sufficient



RESI N COVPCSI TI ON AND HYBRI D | NTEGRATED Cl RCUI T BOARD MAKI NG USE OF THE SAME

2
adhesive force as an adhesive composition but also a high
thermal conductivity (see Patent Document 1).

Patent Document 1: JP-A-2-286768

5 DISCLOSURE OF INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE
Ags examples of such a spherical inorganic filler,

spherical silica and spherical alumina have been known.
These materials have problems in that although these

10 materials are able to be used for producing a substrate
or a circuit board having excellent properties, these
materials are expensive because of being produced by a
specific production method using flame fusion or the like.
For this reason, emphasis has been placed on using an

15 1inorganic filler as a crushed product readily available
to produce a resin capable of accomplishing the above-
mentioned properties in the industry.

It is an object of the present invention to provide

a substrate and a circuit board, which, although being

20 made of an inorganic filler as a crushed product, are
capable of providing a highly reliable hybrid integrated
circuit because of having excellent adhesion to a metal
plate or metal foil and exhibiting a high thermal
conductivity.

25
MEANS FOR SOLVING THE PROBLEM

The present invention is directed to a resin
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composition comprising a curable resin comprising an
epoxy resin and a curing agent for the epoxy resin; and
an inorganic filler filled in the curable agent; wherein
the curing agent comprises a phenol novolak resin. The
present invention is further directed to a resin
composition, wherein the inorganic filler comprises a
coarse powder containing particles having an average
particle size of 5 to 20 pum, preferably particles having
a maximum particle size of 100 pm or below and a particle
size of 5 to 50 um in an amount of 50 vol% or above; and
a fine powder containing particles having an average
particle size of 0.2 to 1.5 pm, preferably particles
having a particle size of 2.0 pm or below in an amount of
70 vol% or above. In a preferred mode, the above-
mentioned resin composition is prepared so that the
curable resin is in an amount of 25 to 50 vol%, and that
the inorganic filler comprises a coarse powder in an
amount of 34 to 70 vol% and a fine powder in an amount of
3 to 24 vol%. In a further preferred mode, the above-
mentioned resin compdsition is prepared so that at least
the coarse powder comprises particles made of a
crystalline silicon dioxide. In a particularly preferred
mode, the above-mentioned resin composition is prepared
so that each of the coarse powder and the fine powder
comprises particles made of a crystalline silicon dioxide,
or that the fine powder comprises particles made of a

spherical aluminum oxide.

base circuit board



io electrical insulation, having a high thermal conductivity and being
excellent in adhesion to a heat-dissipating material, in particular a netal
plate, for an electrical conponent or electronic conponent, the netal base
circuit board having a circuit disposed on a netal plate through 15 the
insul ating |layer. The present invention also relates to a nethod for
preparing the above-nentioned resin materé¢al, and a substrate for a hybrid

integrated circuit and a circuit board, which nmake use of the resin
conposi ti on. The present invention is directed to a resin-cured

product comprising the above-mentioned resin composition,
preferably having a thermal conductivity of 1.5 to 5.0
W/mK.

5 The present invention is directed to a substrate for
a hybrid integrated circuit, which comprises a metal
substrate; an insulating layer deposited on the metal
substrate and comprising the above-mentioned resin
composition; and metal foil disposed on the insulating

10 layer.
The present invention is directed to a substrate for
a hybrid integrated circuit, which comprises a metal
substrate; an insulating layer deposited on the metal
substrate and comprising the above-mentioned resin
15 composition; and metal foil disposed on the insulating
layer, wherein the metal foil is processed to form a
circuit.
Further, the present invention is directed to a
method for preparing the above-mentioned resin
20 composition, which comprises mixing an epoxy resin and a
curing agent of a phenol novolak resin; and blending and
mixing an inorganic filler with the mixture before curing.
The present invention is directed to a metal base
circuit board, which comprises a metal substrate; a first
25 insulating layer disposed on the metal substrate and
comprising the above-mentioned resin composition; a

circuit disposed on the first insulating layer; a second
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insulating layer disposed on the first insulating layer
and comprising the above-mentioned resin composition; and
a circuit disposed on the second insulating layer.
EFFECT OF THE INVENTION

5 The resin composition according to the present
invention has excellent adhesion to a metal plate or
metal foil made of, e.g. aluminum, copper or an alloy
thereof because of being made of a selected epoxy resin
and a selected curing agent for the epoxy resin and

10 containing a selected inorganic filler having a specific
particle size distribution. The resin composition
according to the present invention is suited for
components having an excellent electrical insulation and
an excellent thermal dissipation for an electrical

15 component or electronic component, in particular a
substrate for a hybrid integrated circuit and a circuit
board, because of providing a resin-cured product having
a high thermal conductivity.

The resin composition according to the present

20 invention is able to provide a cured product having an
excellent heat resistance.

The resin-cured product according to the present
invention is not only excellent in adhesion to metal but
also excellent in electrical insulation and thermal

25 conductivity. Since the resin-cured product according to
the present invention is as high as 1.5 to 5.0 W/mK in

thermal conductivity in a preferred mode, the resin-cured
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through an insulating |ayer made of a resin with an inorganic filler filled
t herein, and
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product is suited for a heat dissipating material for an

electrical component and electronic component containing

a substrate for a hybrid integrated circuit, and a

circuit board.

5 The substrate, the circuit board and the multilayer
circuit board according to the present invention are able
to be used to easily obtain a highly reliable hybrid
integrated circuit because of making full use of the
merits of a resin-cured product to be excellent in

10 electrical insulation and thermal conductivity by using
the above-mentioned resin composition.

The production method according to the present
invention is able to prevent bubbles from staying in the
resin composition by blending an epoxy resin, a curing

15 agent for the epoxy resin and an inorganic filler in a
specific order and mixing these materials. As a result,
the resin-cured product produced by this production
method achieves the advantages of stably having a high
electrical insulation and a high electrical conductivity.

20 Consequently, the production method according to the
present invention is able to contribute to provide a

highly reliable hybrid integrated circuit.

BEST MODE FOR CARRYING OUT THE INVENTION
25 The epoxy resin used in the present invention may
comprise a known epoxy resin, such as a bisphenol A type

epoxy resin, a bisphenol F type epoxy resin and a
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hydrogenated bisphenol A type epoxy resin. Among such
resins, a bisphenol A type epoxy resin is preferably
selected because of being excellent in electrical
insulation and thermal conduction and being suited for
5 obtaining a resin-cured product having an excellent heat
resistance.

It is further preferred that the bisphenol A type
epoxXxy resin have an epoxy equivalent of 300 or below.
When the epoxy equivalent is 300 or below, it is possible

10 to prevent the crosslink density of the bisphenol A type
epoxy resin from being reduced to decrease Tg,
consequently prevent heat resistance from being reduced
as in a case where the bisphenol A type epoxy resin is of
a high molecular type. Further, in this case, it is

15 possible to prevent a problem that if the molecular
weight of the curable resin increases, it is impossible
to obtain a uniform resin composition because the curable
resin changes from a liquid form to a solid form, making
it difficult to blend an inorganic filler in the curable

20 resin.

It is also preferred that the bisphenol A type epoxy
resin have a hydrolysable chloride concentration of 600
ppm or below. When the hydrolysable chloride
concentration is 600 ppm or below, the resin is able to

25 be used to obtain a substrate for a hybrid integrated
circuit having a sufficient moisture resistance.

The hydrolysable chloride concentration means the
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concentration of organic chloride impurities (chlorine
ions that are hydrolyzed in the presence of water) formed
by side reaction when synthesizing the epoxy resin

The present invention uses a phenol novolak resin as
the curing agent for the above-mentioned epoxy resin. It
is preferred that the phenol novolak resin have a number
average molecular weight of 1,500. When the number
average molecular weight is 1,500 or below, it is
possible to prevent a problem that it is difficult to
blend the inorganic filler in the curable resin because
the softening point of the curable resin is high.

It is preferred that the phenol novolak resin have a
hydrolyzable chloride concentration of 10 ppm or below.
When the hydrolyzable chloride concentration is 10 ppm or
below, the phenol novolak resin is able to be used to
obtain a substrate for a hybrid integrated circuit having
a sufficient moisture resistance.

The present invention uses an inorganic filler
having a specific particle size distribution.
Specifically, the inorganic filler may comprise a mixed
powder comprising (a) a coarse powder containing
particles having a maximum particle size of 100 um or
below, a particle size of 5 to 50 um in an amount of 50
vol% or above and an average particle size of 5 to 20 um,
and (b) a fine powder containing particles having a
particle size of 2.0 um or below in an amount of 70 vol%

or above and an average particle size of 0.2 to 1.5 um.
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The coarse powder contains particles having a
particle size of 5 to 50 pm in an amount of 50 vol%,
preferably 60 vol% and an average particle size of 5 to
20 um, preferably 10 to 15 um. The fine powder contains
particles having a particle size of 2.0 um or below in an
amount of 70 vol% and an average particle size of 0.2 to
1.5 um, preferably 1.0 to 1.5 um.

When a coarse powder and a fine powder, each of
which has the above-mentioned specific particle
distribution, are mixed and used, it is possible to
attain the object of the present invention without using
an inorganic filler containing a coarse powder and a fine
powder, each of which is made of spherical particles.

The inorganic filler applicable to the present
invention may comprise any material, such as an aluminum
oxide, a silicon dioxide, a magnesium oxide, an aluminum
nitride, a silicon nitride and a boron nitride, as long
as a selected material has an electrical insulation and
is a more excellent thermal conductivity than the resin.
Among them, the coarse powder preferably comprises
particles made of a crystalline silicon dioxide (quartz)
because of having a thermal conductivity of 12 W/mK
(laser flash method) or above. When the resin
composition and the cured product thereof according to
the present invention are used as a heat dissipating
material for an electrical or electronic component used

at a high frequency, such crystalline silicon dioxide is
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These materials have problens in that although these

10
preferably selected in terms of ease in ensuring a
required electrical insulation because of having a
dielectric constant of 4.0 or below (at 25°C and at 1
MHz) .

5 In terms of ease in ensuring a sufficient moisture
resistance as a substrate for a hybrid integrated circuit,
it is preferred that the above-mentioned crystalline
silicon dioxide have an electrical conductivity of 50
nS/cm or below or contain ionic impurities of Cl™ or Na*

10 in an amount of 20 ppm or below.

Although crushed products made of any one of the
above-mentioned materials may be of course used as the
fine powder of the inorganic filler according to the
present invention, a fine powder comprising particles

15 made of the above-mentioned crystalline silicon dioxide
is preferably used because of being capable of obtaining
a resin-cured product having a low dielectric constant, a
high electrical insulation and a high thermal
conductivity, which are influenced by the features of the

20 crystalline silicon dioxide. The inorganic filler is
preferably made of spherical particles, such as spherical
silica particles or spherical alumina particles, because
of being capable of increasing the flowability of the
resin composition to further increase the filling amount

25 of the inorganic filler, with the result that it is
possible to obtain a resin-cured product having a high

electrical insulation and a high thermal conductivity.



10 materials are able to be used for producing a substrate or a circuit
board having excellent properties, these materials are expensive because of
bei ng produced by a specific production nethod using flame fusion or the
like.
11
In the present invention, the curable resin and the
inorganic filler are preferably blended in such a
blending ratio that the curable resin is in an amount of
25 to 50 vol% and that the inorganic filler contains a
5 coarse powder in an amount of 34 to 70 vol% and a fine
powder in an amount of 3 to 24 vol%, are more preferably
blended in such a blending ratio that the curable resin
ig in an amount of 28 to 45 vol% and that the inorganic
filler contains a coarse powder in an amount of 40 to 60
10 vol% and a fine powder in an amount of 10 to 22 vol%.
When the blending ratio is within the above-mentioned
ranges, it is possible not only to uniformly blend the
curable resin and the inorganic filler and to avoid
porous formation but also to densely fill the inorganic
15 filler in the curable resin, with the result that it is
possible to stably obtain a resin-cured product having an
excellent thermal conductivity and an excellent
electrical insulation. When a substrate, a circuit board
or a hybrid integrated circuit is fabricated by using the
20 above-mentioned curable resin and inorganic filler, the
substrate, the circuit board or the hybrid integrated
circuit is highly reliable.
Several known methods are applicable to the method
for preparing the resin composition according to the
25 present invention. However, it is preferred to employ

the following method since it is possible to prevent

bubbles from being involved in the resin composition and
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to stably obtain a resin-cured product which is excellent
in adhesion to metal, has a high electrical insulation
and is excellent in thermal conductivity.

The method for preparing the resin composition
according to the present invention is characterized in
that an epoxy resin is mixed with a curing agent made of
a phenol novolak resin, followed by blending and mixing
an inorganic filler with the mixture before curing. The
mixer employed in this method may comprise a known mixer,
such as a versatile stirring mixer, a sun-and-planet
stirring/defoaming device and a pressure kneader. The
mixing conditions may be properly determined. The mixing
process 1s not required to have specific conditions.

The resin-cured product according to the present
invention is characterized to be a product obtainable by
curing the above-mentioned resin composition, to have a
high electric isolation and a high thermal conductivity,
and to be excellent in adhesion to metal, such as
aluminum, copper and an alloy thereof. Although the
resin-cured product according to the present invention is
applicable as the insulating material for various kinds
of electrical components or electronic components, the
resin-cured product is particularly suited to be used as
an insulating layer for a substrate for a hybrid
integrated circuit, and a circuit board. 1In a preferred
embodiment, the resin-cured product according to the

present invention is as high as 1.5 to 5.0 W/mK in

as
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in the industry. It is an object of the present invention to provide

13
thermal conductivity.

Each of the substrate and the circuit board
according to the present invention is configured so that
the above-mentioned resin composition is disposed as an

5 insulating layer on a metal plate, and metal foil, which
is made of aluminum, copper an alloy thereof etc., or a
circuit, which is obtained by subjecting the metal foil
to, e.g. etching, is disposed on the insulating layer.
The substrate and the circuit board according to the

10 present invention are suited to be used in a hybrid
integrated circuit because of being excellent in
withstand voltage characteristics and being excellent in
thermal dissipation, being influenced by the merits of
the resin composition or the cured product thereof. In a

15 preferred embodiment, each of the coarse powder and the
fine powder of the inorganic filler comprises particles
made of a crystalline silicon dioxide. The substrate and
the circuit board according to this preferred embodiment
are suited as a substrate for an integrated circuit using

20 a high frequency and a circuit board using a high
frequency because of having a low dielectric capacitance.

The metal base multilayer circuit board according to
the present invention isvconfigured so that the above-
mentioned resin composition is disposed as an insulating

25 layer on the above-mentioned circuit board, and metal
foil, which is made of, e.g. aluminum, copper or an alloy

thereof, or a circuit, which is obtained by subjecting



a substrate and a circuit board, which, although being 20 nmade of an
inorganic filler as a crushed product, are capable of providing a highly
reliable hybrid integrated circuit because of having excellent adhesion to a
metal plate or nmetal foil and exhibiting a high thermal conductivity.
14
the metal foil to, e.g. etching, is disposed on the
insulating layer. The metal base multilayer circuit
board may be suited to be used in a hybrid integrated
circuit because of having the advantage of improving the
5 circuit packaging density. The metal base multilayer
circuit board is suited to be used in a hybrid integrated
circuit because of being excellent in withstand voltage
characteristics and being excellent in thermal
dissipation, being influenced by the merits of the above-
10 mentioned resin composition or the cured product thereof.
In the above—mentioned preferred embodiment, each of the
coarse powder and the fine powder of the inorganic filler
comprises particles made of a crystalline silicon dioxide.
The metal base multilayer circuit board according to this
15 preferred embodiment is suited to be as a substrate for
an integrated circuit using a high frequency and a

circuit board using a high frequency because of having a

low dielectric capacitance.

20 EXAMPLE
EXAMPLE 1
55 Parts by mass of a crystalline silicon dioxide
(*A-1"” manufactured by Tatsumori Ltd.,: having a maximum
particle size of 96 um (100 um or below), containing
25 particles having a particle size of 5 to 50 pm in 60 vol%
and having an average particle size of 12 um) as the

coarse powder of the inorganic filler was mixed with 14
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parts by mass of a crystalline silicon dioxide ("“5X”
manufactured by Tatsumori Ltd.,: containing particles

having a particle size of 2.0 pm or below in 70 vol% and
having an average particle size of 1.2 pm) as the fine
powder of the inorganic filler to prepare a raw inorganic
filler.

9 Parts by mass of a phenol novolak resin (“TD-2131"
manufactured by Dainippon Ink and Chemicals Incorporated)
and 1 parts by mass of a silane coupling agent (“A-187"
manufactured by Nippon Unicar Company Limited), both of
which served as a curing agent, were added to 20 parts by
mass of a bisphenol A type liquid epoxy resin (“EP828”
manufactured by Japan Epoxy Resins Co., Ltd.), and the
above-mentioned raw inorganic filler was added thereto,
being kneaded by a kneader at a heating temperature of
90°C, to prepare resin composition (a) for a circuit
board.

0.05 Parts by mass of an imidazole-based curing
accelerator (“TBZ” manufactured by SHIKOKU CHEMICALS
CORPORATION) as the curing accelerator was added to 100
parts by mass of resin composition (a) to obtain resin
composition (b).

Resin composition (b) was heated at a temperature of
150°C for one hour and was further heated at a temperature
of 180°C for two hours to obtain a resin-cured product.
When the thermal conductivity of the resin-cured product

thus obtained was measured by the laser flash method, it
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was revealed that the thermal conductivity was 1.7 W/mK.

The results are shown in Table 1.
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5 present invention is further directed to a resin conposition, wherein the
i norganic filler conprises a coarse powder containing particles having an
average particle size of 5 to 20 pm preferably particles having a nmaxi num
particle size of 100 pmor below and a particle
18
Resin composition (b) was applied to a 1.5 mm thick
aluminum plate so as to have a thickness of 80 pym after
curing, and the applied resin composition was heated at a
temperature of 100°C for 0.1 hours to be semi-cured, 210
5 um thick copper foil was deposited on semi-cured resin
composition (b), and semi-cured resin composition (b)
with the copper foil thereon was heated at a temperature
of 180°C for 2 hours to finish the curing process,
fabricating a substrate for a hybrid integrated circuit.
10 The substrate for a hybrid integrated circuit thus
fabricated was measured in terms of various
characteristics as stated below. The results are shown

in Table 2.
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3to 24 vol% In a further preferred node, the above- 20 nentioned resin
conposition is prepared so that at |east the coarse powder conprises
particles made of a crystalline silicon dioxide. In a particularly preferred
node, the above-nentioned resin conposition is prepared

20

Adhesion: The substrate for a hybrid integrated
circuit with the copper foil removed by etching was cut
into pieces having dimensions of 2 cm x 10 cm, and the
pieces were bent at an angle of 90 degrees. The pieces

5 without the insulating layer peering off the aluminum
plate were determined as “good”, and the piece with the
insulating layer peering off the aluminum plate was
determined as “no good”.

Flowability: The viscosity was measured by a Model B

10 viscometer. The pieces having a viscosity of higher than
200,000 cps at room temperature (25°C) were determined as
“no good”, and the pieces having a viscosity of 200,000
cps or below at room temperature (25°C) were determined
as “good”.

15 Withstand Voltage: 1In order to obtain a sample for
measurement, copper foil was circumferentially etched so
as to leave a 20 mm diameter circular portion therein.
The withstand voltages of the sample, which had before
and after being exposed at a temperature of 121°C, at a

20 humidity of 100%RH and at an atmospheric pressure of 2
for 96 hours, were measured according to Japanese
Industrial Standards C2110 by immersing the sample in an
insulation o0il and applying an AC voltage between the
copper foil and the aluminum plate at room temperature.

25 The measuring instrument was “T0S-8700” manufactured by
KIKUSUI ELECTRONICS CORPORATION. With respect to the

multilayer circuit board, the measurement was performed
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by applying an AC voltage between the copper foil and the
circuit formed in an inner layer.

Peel Strength: The sample for measurement was
prepared by processing the substrate so as to leave a
portion of the copper foil having a width of 10 mm. The
copper foil and the substrate were bent at an angle of 90
degrees, and an attempt was made to peel the copper from
the substrate at a pulling speed of 50 mm/min. The other
conditions were set according to Japanese Industrial
Standards C6481. The measuring instrument was a product
in the name of “TESNILON” (“U-1160” manufactured by TOYO
BALDWIN. CO., LTD).

Dielectric Dissipation Factor: In order to obtain a
sample for measurement, copper foil was circumferentially
etched so as to leave a 20 mm diameter circular portion
therein. The measurement was performed under the
conditions of a temperature of 25°C and a frequency of 1
MHz according to Japanese Industrial Standards Cé481.

The measuring instrument was an LCR meter (”"HP4284”"
manufactured by Yokogawa Hewlett-Packard Company) .

Dielectric Constant: Electrostatic capacity (X; Y)
was measured under the same conditions as the above-
mentioned dielectric dissipation factor according to
Japanese Industrial Standards C6481. Dielectric constant
(E) was calculated based on the measured electrostatic
capacity (X;F), the thickness of the insulating layer

(Y;m), the area of the electrode (Z;m?) and the
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permissibility of vacuum (8.85x107'?;F/m) by using the
formula of E=X-Y/(Z-8.85x107*?%).

Heat Resistance: After a sample was left in a
temperature chamber (“PHH-201” manufactured by ESPEC
CORP) set at a temperature of 200°C for 500 hours, the
sample was cooled on a wooden piece, the cooled sample
was immersed in the insulation oil, an AC voltage was
applied between the copper foil and the aluminum plate at
room temperature in order to see a breakdown voltage.

Reliability of Thin Copper Foil: A sample was
evaluated as a substrate for a hybrid integrated circuit,
which included copper foil having a thickness of greater
than 210 pum. After the sample was floated on a bath of
solder set at a temperature of 260°C for 2 minutes, the
sample was cooled on a wooden piece, immersed in the
insulation o0il, and a breakdown voltage was measured by
applying an AC voltage between the copper foil and the
aluminum plate of the sample at room temperature.
Additionally, the cross section of the sample subjected
to such process was observed (by a scanning electron
microscope) to evaluate whether the insulating layer was
fractured at the intersurface of the copper foil and the
insulating layer of the sample or not.

Value of Heat Resistance: The sample for measurement
was prepared by cutting out, from the test specimen, a
piece having dimensions of 3x4 cm so as to leave a

portion of the copper foil having dimensions of 10x15 mm.
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above-nentioned resin conposition, preferably having a thermal conductivity
of 1.5to 5.0 WnK The present invention is directed to a substrate
for a hybrid integrated circuit, which conprises a netal

23

A TO-220 transistor was soldered onto a copper foil, and
the copper foil with the transistor soldered thereon was
fixed through heat dissipating grease on heat dissipating
fins, which were water-cooled. The transistor was

5 energized to generate heat. The value of heat resistance
of the sample to be found (A;K/W) was measured by
measuring the temperature difference between the surface
of the transistor and the backside of the metal substrate
to obtain a value of heat resistance and compensating the

10 obtained value, taking the value of heat resistance of
the heat dissipating grease into account.

Thermal Conductivity: The thermal conductivity
(H;W/mK) was found based on the above-mentioned value of
heat resistance (A;K/W), the thickness of the insulating

15 layer of the sample (B;m) and the mounting area of the
transistor (C;m?) by using the formula of H=B/(A:C).

Processability: Holes were made in the substrate for
a hybrid integrated circuit by a punch. The depth of
wear of the punch was measured after 10,000 shots.

20 Withstand Voltage for Creeping Discharge: A linear
copper circuit was so as to be away from a creeping
surface of a substrate for a hybrid integrated circuit by
2 mm as a sample for measurement. An AC voltage was
applied between the copper foil circuit and the aluminum

25 plate at room temperature to measure a voltage that
generates creeping discharge.

Power Loss: First, the electrostatic capacity (X;F)



substrate; an insulating |ayer deposited on the netal substrate and
. conprising the above-nentioned resin conposition; and netal foil disposed on
the insul ating
24
was measured according to Japan Industrial Standard Cé6481
under the same conditions as above-mentioned dielectric
loss. The power loss (G) was found based on the
electrostatic capacity (X;F), the operating frequency of
5 the device (H;400 kHz) and the operating voltage (I;220
V) by using the formula of
G= (XxI°xH) /2.
EXAMPLES 2 to 6
The resin composition, the resin-cured product, the
10 substrate, the circuit board, the hybrid integrated
circuit in each of these examples were fabricated and
evaluated in the same way as those in Example 1 except
that the kinds and the blending ratios of the coérse
powder and the fine powder of the inorganic filler were
15 changed as shown in Table 1. The results of evaluation
are shown in Table 1 and Table 2.
Comparative Examples 1 to 6
The resin composition, the resin-cured product, the
substrate, the circuit board, the hybrid integrated
20 circuit in each of these comparative examples were
fabricated and evaluated in the same way as those in
Example 1 except that the kinds and the blending ratios
of the curing agent, the coarse powder and the fine
powder were changed. The results of evaluation are shown

25 in Table 3 and Table 4.
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wherein the netal

an insulating | ayer deposited on the netal
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substrate;
circuit.
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Further, the present invention is directed to a nethod for preparing the
above-nentioned resin 20 conposition, which conprises m xing an epoxy resin
and a curing agent of a phenol novol ak resin; and bl ending and m xi ng an
inorganic filler with the m xture before curing.
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EXAMPLE 7
Resin composition (b) prepared in Example 2 was
applied on an aluminum plate having a thickness of 1.5 mm
so as to form a first insulating layer having a thickness
5 of 150 pym after curing, and was heated at a temperature
of 100°C for 0.1 hour to be semi-cured. Then, copper
foil having a thickness of 35 um was disposed on semi-
cured resin composition (b), and the resin composition
was further heated at a temperature of 180°C for 2 hours,
10 finishing the curing process. The above-mentioned resin
composition (b) was applied on the prepared circuit board
so as to form a second insulating layer having a
thickness of 50 um after curing, and was heated at a
temperature of 100°C for 0.1 hour to be semi-cured. Then,
15 copper foil having a thickness of 210 um was disposed on
semi-cured resin composition (b), and the resin
composition was further heated at 180°C for 2 hours to
finish the curing process, fabricating a multilayer
substrate for a hybrid integrated circuit. The substrate
20 fabricated was evaluated. The results of evaluation are
shown in Table 5, Table 6 and Table 7.
EXAMPLE 8
The multilayer circuit board was fabricated and
evaluated in the same way as that of Example 7 except
25 that the thickness of the second insulating layer was
changed to 200 um. The results of evaluation are shown

in Table 5, Table 6 and Table 7.
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COMPARATIVE EXAMPLES 7 and 8

The resin composition, the resin-cured product, the
substrate, the circuit board, the hybrid integrated
circuit in each of these comparative examples were
fabricated and evaluated in the same way as those in
Example 7 except that the kinds and the blending ratios
of the curing agent, the coarse powder and the fine
powder were changed and except that the thickness of the
second insulating layer was changed in Comparative
Example 8. The results of evaluation are shown in Table

5, Table 6 and Table 7.

TABLE 5
Comp.
Material name Ex. 7 Ex. 7
and 8
and 8
. | Bisphenol A t
Epoxy resin P eno ype epoxy 20 20
resin
Curing Phenol novolak resin 9 -
agent
amino-based curing agent - 6
Curing Imidazole-based curing 0.05 )
accelerator | accelerator )
C 1] . .
oup-1ng Silane-based coupling agent 1 1
agent
C . A . .
carse Crystalline silicon dioxide 71 -
powder
Aluminum oxide (in ~ 62
spherical form)
Fine powder | Crystalline silicon dioxide 18 -
Aluminum oxide (in
. - 27
spherical form)
Filling amount of inorganic filler
(vols) 56 51




25 insulating |layer disposed on the netal

substrate and conprising the
. above-nentioned resin conposition,

a circuit disposed on the first

insulating | ayer; a second
29
TABLE 6 unit: mm
Formation |Material Ex. 7 Ex. 8 comp . comp .
Ex. 7 Ex. 8
e .
Base Aluminum 1.5 1.5 1.5 1.5
material
First
. . Refer to
insulating Table & 0.15 0.15 0.15 0.15
layer
Circuit in Copper
outer pp 0.035 0.035 0.035 0.035
foil
layer
Second
. . Refer to
insulating Table & 0.05 0.2 0.05 0.2
layer
Circuit in Copper
inner PP 0.21 0.21 0.21 0.21
foil
layer
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TABLE 7
. Comp. Comp.

Item Unit Ex. 7 Ex. 8 Ex. 7 | Ex. 8
FlowabilitylViscosity cps 80,000|80,000(66,000!66,000
Adhesion Good Good Good Good
Withstand Initial 46 10.0 4.5 10.0
voltage stage

After 96

hr under kv

Pressure 5.0 10.0 4.6 10.0

Cooker

Test
Heat 200°C 500
resistance |hr kv - 10.0 - 10.0
Reliability | Fracture
of thick in Not Not
copper foil | insulating found | found Found | Found

layer

260°C 2 KV 4.2 | 10.0 | 4.2 | 10.0

min
Peel strength Kgf/cm| 2.0 2.2 2.0 2.1
Heat resistance °cC/W 1.21 1.92 1.28 2.01
Thermal conductivity W/mK 2.0 2.0 2.0 2.0
Dielectric constant 4.4 4.4 7.1 7.1
Dielectric dissipation 0.004 | 0.005 | 0.004 | 0.004
factor
Processability mm - 2.0 - 4.0
WlthsFand Yoltage for KW _ 6 4 _ 5 5
creeping discharge
Power loss W 2.4 1.3 3.8 2.2
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INDUSTRIAL APPLICABILITY

The resin composition according to the present
invention is suited to an insulating layer for, e.g. a
substrate for a hybrid integrated circuit since a
combination of an inorganic filler having a specific
particle size and a specific resin provides a high
electrical insulation, a high thermal conductivity and
excellent adhesion to metal. The resin composition
according to the present invention is applicable to a
heat dissipating material for various kinds of electrical
components and electronic components, such as a substrate
for a hybrid integrated circuit and a circuit board, and
is significantly effective in terms of industry because
of being capable of providing a resin-cured product
having a lower dielectric constant and a resin-cured
product having a further excellent thermal conductivity
in a preferred embodiment.

The substrate for a hybrid integrated circuit and
the circuit board according to the present invention are
excellent in withstand voltage characteristics, thermal
dissipation and high frequency characteristics because
being made of a resin composition having the above-
mentioned merits. When the substrate or the circuit
board according to the present invention is utilized to
fabricate a hybrid integrated circuit, the reliability of
the hybrid integrated circuit is increased, which means

that the substrate and the circuit board according to the
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present invention are significant effective in terms of
industry.

The method for preparing the resin composition
according to the present invention is capable of
realizing the excellent properties of the above-mentioned
resin composition by only specifying the mixing order of
the materials. The method according to the present
invention is capable of stably providing a resin-cured
product having excellent properties and a substrate for a
hybrid integrated circuit or a circuit board using such a
resin-cured product, and consequently providing a
reliable hybrid integrated circuit, which means that the
method according to the present invention is significant

effective in terms of industry.

The entire disclosure of Japanese Patent Application
No. 2005-256194 filed on September 5, 2005 including
specification, claims and summary is incorporated herein

by reference in its entirety.
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Claims

1.

10.

11,

12,

13.

A resin compasition comprising a curable resin comprising:

an epoxy resin and a curing agent for the epoxy resin; and

an inorganic filler filled in the curable agent;

wherein the curing agent comprises a phenol novolak resin, and wherein the inorganic filler comprises a coarse
powder containing particles having an average particle size of 5 to 20 pumand a fine powder containing par’ucles
having an average particle size of 0.2 to 1.5 pm;

wherein at least the coarse powder comprises particles having crystalline silicon dioxide.

The resin composition according to Claim 1, wherein the inorganicfiller comprises coarse powder containing particles
having a maximum particle size of 100 pm or below and a particle size of 5to 50 pm in an amount of 50 vol% or
above, and a fine powder containing particles having a particle size of 2.0 pm or below in an amount of 70 val% or

. above.

The resin composition according to Claim 1 or 2, wherein the curable resin is in an amount of 25 to 50 vol%, and
wherein the inorganic filler comprises a coarse powder in an amount of 34 10 70 vol% and afine powder inanamount
of 3 to 24 vol%.

The resin composition according to any one of Claims 1 to 3, wherein each of the coarse powder and the fine powder
comprises particles made of a crystailine silicon dioxide.

The resin composition according to Claim 1, wherein the fine powder comprises particles made of a spherical
aluminum oxide.

A resin-cured product comprising the resin composition defined in any one of Ciaims 1 to 3.
The resin-cured product according to Claim 6, having a thermal conductivity of 1.5 to 5.0 W/mK.

A substrate for a hybrid integrated circuit, comprising a metal substrate; an insulating layer deposited on the metal
substrate and comprising the resin composition defined in any one of Claims 1 to 5; and meta! foil disposed on the

insulating layer.
The substrate for a hybrid integrated circuit according to claim 8, wherein the metal foil is processed to form a circuit.

A method for preparing the resin composition defined in any one of Claims 1 to 5, comprising mixing an epoxy resin
and a curing agentofa phenol novolek resin; and blending and mixing an inorganic fillerwith the mixture before curing.

A metal base multilayer circuit board comprising a metal substrate; a first insufating layer disposed on the metal
substrate and comprising the resin composition defined in any one of Claims 1 to 5; a circuit board disposed on the
first insulating layer; a second insulating layer disposed on the first insulating layer and comprising the resin com-
position defined in any one of Claims 1 to 5; and an electronic component disposed on the second insulating layer,
the electronic component having a high heat dissipation.

The metal base multilayer circuit board according to Claim 11, further comprising a metal layer disposed between
the first insulating layer and the second insulating layer.

The metal base multilayer circuit board according to Claim 11 or 12, wherein the second insulating layer has a
thickness of 50 pm or above and 200 pm or below.





