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ABSTRACT

To provide a resin composition which 1s advantageous
not only in that the resin composition can be produced at
5 low cost, but also in that 1t 1s unlikely to thermally

expand, a prepreg, a laminate, and a wiring board.

A resin composition for use in production of a
laminate, the resin composition comprising an insulating
resin having an aromatic ring, wherein the insulating resin

10 having an aromatic ring has a molecular welght between

crosslinking sites of 300 to 1,000 on the stage after the

production of the laminate, as determined from an elastic

shear modulus of the insulating resin measured at a

temperature of Tg or higher.
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SPECIFICATION

Resin composition, prepreg, laminate, and wiring board

Field of the Invention
[0001]

The present invention relates to a resin composition,

a prepreg, a laminate, and a wiring board.

Background Axrt
[0002]

Recently, as electronic devices are miniaturized and

further improved in performance, printed wiring boards
having a wiring\pitch narrowed, i.e., high-density wirlng
are desired. As a method of mounting a semiconductor for
achieving high-density wiring, instead of the conventional
wire bonding method, a flip chip bonding method is widely
uged. The flip chip bonding method is a method in which a
wiring board and a semiconductor are bonded together using
a solder ball instead of a wire. A solder ball 1is disposed

between a wiring board and a semiconductor opposite to each

other, and the whole of them are heated to cause reflow of
the solder (melt bonding), thus bonding and mounting the

semiconductor onto the wiring board. In this method, heat

at approximately 300°C is applied to the wiring board and
others during the solder reflow. In this instance, the
wiring board formed using a conventional resin composition
as a material possibly suffers heat shrinkage to apply
large stresses to the solder ball bonding the wiring board
and semiconductor, causing a bonding failure of the wiring.
[0003]

[Patent document 1] Japanese Unexamined Patent Publicatilon
No. 2004-182851

[Patent document 2] Japanese Patent No. 2740990

[Patent document 3] Japanese Unexamined Patent Publication

No. 2000-243864



10

15

20

25

30

35

CA 02649841 2008-10-20

[Patent document 4] Japanese Unexamined Patent Publication
No. 2000-114727

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention
(0004 ]

In view of the above, a laminate having a low
thermal expansion coefficient 1is desired. Conventionally,
a typical laminate comprises a resin composition comprising
an epoxy resin as a chief material, and glass woven fabric,
which are cured and integrally molded. An epoxy resin has
excellent balance between the insulation properties, heat
resistance, and cost, but it has a large thermal expansion
coefficient. Therefore, generally, inorganic filler, such
as silica, is added to the epoxy resin to suppress thermal
expansion of the resin (see patent document 1). By adding
an increased amount of the inorganic filler to the epoxy
resin, thermal expansion of the resin can be further
suppressed. However, it is known that the 1lncrease of the
amount of the inorganic filler added to the resin causes a
lowering of the insulation reliability due to moisture
absorption, poor adhesion between the resin and wiring
layers, or a failure of press molding. For this reason, in
the application of multilayer wiring board, the increase in
the amount of the inorganic filler added to the resin 1is
limited.

[0005]

An attempt is made to appropriately select or
improve the resin to achieve low thermal expansion. For
example, a low thermal-expansion resin composition for
pressure molding using an epoxy resin having a difunctional
naphthalene skeleton or a biphenyl skeleton (patent
document 2) as an example of a known epoxy resin having an
aromatic ring contains filler in an amount of 80 to 92.5
vol%. Further, conventionally, for reducing the resin

composition for wiring board in thermal expansion
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coefficient, as described in patent documents 3 and 4, a
method is generally employed in which the crosslinking
density i1is increased, that is, the molecular welght between
crosslinking sites in the present invention 1s reduced to
increase the Tg, thus lowering the thermal expansion
coefficient of the resin composition. For increasing the
crosslinking density, namely, for reducing the molecular
weight between crosslinking sites, the molecular chain
between functional groups 1s shortened. However, the
molecular chain is impossible to shorten less than a
certain length if required reactivity or resin strength
should be achieved. Therefore, the reduction of thermal
expansion coefficient by a method of increasing the
crosslinking density has a limitation.

[0006]

As a resin unlikely to thermally expand, polyimide
is widely known, but polyimide has problems in that the
molding of polyimide requires high temperatures and 1n that
polyimide is expensive. Polyimide is in the form of a film
and hence suitable for a material for flexible substrate,
but it is unsuitable for the application of multilayex

wiring board which requires rigidity.

It is an object of the present invention to provide
a resin composition which is advantageous not only in that
the resin composition can be produced at low cost, but also
in that it is unlikely to thermally expand, and a prepreq,

a laminate, and a wiring board thereof.

Means to Solve the Problems

[0007]
The present invention has the following embodiments.

A resin composition for use in production of a
laminate, the resin composition comprising an insulating
resin having an aromatic ring, wherein the insulating resin
having an aromatic ring has a molecular weight between

crosslinking sites of 300 to 1,000 on the stage after the
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production of the laminate, as determined from an elastic

shear modulus of the insulating resin measured at a

temperature of Tg or higher.

[0008]
5 The resin composition, wherein the insulating resin

having an aromatic ring comprises a polycyclic compound.
The resin composition, wherein the insulating resin

has a biphenyl structure, a naphthalene structure, an
anthracene structure, or a dihydroanthracene structure.

10 The resin composition, wherein the insulating resin

1s an epoxy resin.
The resin composition, wherein the epoxy resin

comprises at least one crystalline epoxy resin.

The resin composition described herein, wherein the
the epoxy resin comprises at least one member selected from a

biphenyl novolak epoxy resin represented by the following

general formula (1):

[0010]
H - He
HZC\ /C ﬁ 0 -"'(_}I ,C\ /CH,Z
0 2 A 0
‘ Q Q ‘ H .... General formula (1)
1
20 RER R RS ‘
(0011]
wherein each of R' to R' independently
represents a CH,,,, group wherein m represents
25 0 or an integer of 1 or more, and n

represents 0 or an integer of 1 or more,
an anthracene epoxy resin represented by the following
genefal formula (2):
[0012]
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H H
HQC\ /C' —G—0 O‘O 0—C—C—CH, * * * * General formula (2)
H 1
0 2 2 0

[(0013]
wherein each of R® to R’ independently

5 represents a CH,,;, group wherein p represents
0 or an integer of 1 or more,

and a dihydroanthracene epoxy resin represented by the

followilng general formula (3):

[0014]
H
0—C—C—CH,
H \ /
2 .0
(Rg)r “‘ (Rm)S ----- General formula (3)
H
0—C—C—CH,
H \ /
10 20
|10015]

whérein R’ each occurrence independently
represents a CH,.,, group (wherein t

15 represents 0 or an integer of 1 or more)}, r
represents an integer of 0 to 4, R each

occurrence independently represents a CH...;

group (wherein u represents 0 or an integer
of 1 or more), and s represents an integer of
20 0 to 6.

[0016]
The resin composition, wherein the epoxy resin uses
a curing agent which comprises at least one member selected
25 from a pheﬁolic novolak resin, a cresol novolak resin, a
bisphenol A novolak resin, an aminotriazine novolak resin,

a bismaleimide-containing aminotriazine novolak resin,
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dicyandiamide, and benzoguanamine.
A prepreg obtalined by applying the resin composition

to a substrate so that the substrate is impregnated with

the resin composition, and then drying them.
The prepreg, wherein the substrate 1s glass woven
fabric, glass nonwoven fabric, or aramid nonwoven fabric.
A laminate obtained by subjecting the prepreg of the

present invention to laminate molding.

A wiring board obtained by subjecting the laminate

of the present invention to circuilt processing.

Effect of the Invention
[0017] '

Unlike a conventional method in which the
crosslinking density is increased, by appropriately
controlling the resin formulation in crosslinking density

so that the resin having an aromatic ring has a molecular

weight between crosslinking sites of 300 to 1,000, there

can be provided a resin composition which 1s advantageous
not only in that the resin composition can be produced at
low cost, but also in that it has a low thermal expansion
coefficient, and a prepreqg, a laminate, and a wiring board

thereof.

BEST MODE FOR CARRYING OUT THE INVENTION
[0018]

The present inventors have made studies. As a
result, it has unexpectedly been found that a conventilonal
method of increasing the crosslinking density, namely,
reducing the molecular weight between crosslinking sites in
the present invention is not effective in lowering the
thermal expansion coefficient. The present inventors have
further made extensive and intensive studies. As a result,
it has unexpectedly been found that controlling the resin
formulation so that the resin having an aromatic ring has a

crosslinking density corresponding to a molecular weight
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between crosslinking sites i1n the range of from 300 to
1,000 1s very effective in lowering the thermal expansion
coefficient. The resin composition of the present
invention 1s used in production of a laminate, and

5 comprises an insulating resin having an aromatic ring. The
insulating resin having an aromatic ring used 1n the
present inventlion has a molecular weight between
crosslinking sites of 300 to 1,000 on the stage after the
production of the laminate, as determined from an elastic

10 shear modulus measured at a temperature of Tg or higher.
When the insulating resin has a molecular weight between
crosslinking sites of 300 to 1,000, strong interaction
between aromatic rings can be achieved, making 1t possible
to obtain a resin composition and a material for multilayer

15 wiring board (prepreg or laminate) having a low thermal

expansion coefficient. When the molecular weight between
crosslinking sites is 300 or less, a material having an
aromatic ring and having a small number of functional
groups (exclusive of a monofunctional material) can be

20 added to achieve a molecular weight between crosslinking
sites of 300 or more. The addition of a material having a
large functional group equivalent is effective. 1In this
case, it is preferred that the aromatic ring contains a
polycyclic compound, further preferably has a biphenyl

25 structure, a naphthalene structure, an anthracene structure,
or a dihydroanthracene structure. On the other hand, when
the molecular weight between crosslinking sites 1s 1,000 or
more, a material having an aromatic ring and having a large
number of functional groups can be added to achieve a

30 molecular weight between crosslinking sites of 1,000 or
less. The addition of a material having a small functional
group equivalent is effective. Also in this case, 1t 1is
preferred that the aromatic ring contains the above
polycyclic compound. The stage after the production of the

35 laminate means a stage after the heat experience step 1in,

for example, the production of the laminate or production
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of a multilayer wiring board or the like using the laminate.
An elastic shear modulus of the insulating resin 1s
generally measured by a dynamic viscoelasticity apparatus.
[0019]

5 The molecular weight between crosslinking sites as
determined from an elastic shear modulus measured by a
dynamic viscoelaSticity apparatus at a temperature of Tg or
higher is described in, for example, Dynamic properties of
polymers and composite materilals (author: .. E. Nielsen;

10 translator: Shigeharu Onoki) published by Kagaku-Dojin
Publishing Company, Inc., and a molecular weight between
crosslinking sites is determined from the descriptions of
this book. Specifically,

[0020]

15 logG = 7.0 + 293p/Mc (G: elastic shear modulus; p:
density of a material; Mc: molecular weight between
crosslinking sites)

Formula (1)
[0021]

20 is calculated using an empirical formula consistent with
the experimental results. In this formula, dyn 1s used as
a unit of elastic shear modulus.

G (elastic shear modulus) in the formula (1) above
is generally determined by applying a value oI storage

25 modulus E at a temperature of Tg or higher calculated Irom
a dynamic viscoelasticity apparatus to the following
formula (2).

[0022]
E = 2G(1 + o) (o: Poisson ratio)

30 Formula (2)

[0023]
The dynamic viscoelasticity measurement apparatus
generally measures dynamic viscoelastilcity by applying
35 sinusoidal wave vibration or composite wave vibration to a

specimen in the elongation, compression, bending, or shear
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direction by a non-resonant forced vibration method. As an
example of a commercially available apparatus, there can be
mentlioned Rheosol-E-4000, manufactured by UBM Co., Ltd. A
method for the measurement is such that slnusoidal wave or
composite wave vibration is applied to a specimen placed in
a thermostatic chamber at set frequency and amplitude and
the resultant stress response 1s detected by a detector to

determine a storage modulus or the like by calculation from

a measurement operation formula.

[0024]
The insulating resin having an aromatic ring has a

molecular weight between crosslinking sites of 300 to 1,000,
preferably 310 to 900, further preferably 310 to 800, as
determined from an elastic shear modulus measured by the
above-mentioned measurement apparatus at a temperature of
Tg or higher. When the molecular weight between
crosslinking sites is less than 300, the interaction
between aromatic rings is so weak that the thermal
expansion coefficient of the resin cannot be satisfactorily
reduced. On the other hand, when the molecular weight
between crosslinking sites i1s more than 1,000, the
interaction between aromatic rings 1s obtalned, but the
crosslinking density of the resin is reduced, so that the

thermal expansion coefficient of the resin cannot Dbe
satisfactorily reduced.

[0025]
With respect to the insulating resin used 1n the

present invention, there is no particular limitation as
long as the insulating resin has an aromatic ring, but an
epoxy resin having excellent insulation properties and
moisture absorption is preferably used in the application
of multilayer wiring board. With respect to the epoxy
resin used in the present invention, there is no particular
limitation as long as the epoxy resin is a compound having
two Or more epoxy groups in the molecule thereof. Examples

include naphthalene epoxy resins (particularly difunctional
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naphthalene epoxy resins), anthracene epoxy resins,
dihydroanthracene epoxy resins, biphenyl epoxy resins,
bisphenol A epoxy resins, bisphenol F epoxy resins,
bisphenol S epoxy resins, biphenyl novolak epoxy resins,
phenolic novolak epoxy resins, and cresol novolak epoOxXy

resins. Among these, the crystalline epoxy resin 1s a

highly crystalline epoxy resin which 1s a thermosetting
epoxy resin having properties such that the high molecular
chains are orderly arranged at a temperature under 1its
melting point. And the resin in molten state exhibits a
viscosity as low as that of a liquid resin although it 1s a
solid resin. Examples of crystalline epoxy resins include
naphthalene epoxy resins, anthracene epoxy resins,
dihydroanthracene epoxy resins, biphenyl novolak epoxy
resins, and biphenyl epoxy resins, and the crystalline
epoxy resin is preferably used for enhancing the
interaction between aromatic rings. These compounds may
have any molecular weight, and can be used in combination.
[0026]

In the resin composition of the present invention,
when an epoxy resin is used, it is preferred that the resin

composition contains a curing agent. With respect to the

curing agent, there is no particular limitation as long as
it has a curing action for epoxy resin, and examples
include various amines, acid anhydrides, and novolak resins.
Of these, especially preferred are a phenolic novolak resin,
a cresol novolak resin, a bisphenol A novolak resin, an
aminotriazine novolak resin, a bismaleimide-containing
aminotriazine novolak resin, dicyandiamide, and
benzoguanamine, and these can be used individually or 1in
combination.

Tn the resin composition of the present invention, a
curing accelerator can be used. With respect to the curing
accelerator, there is no particular limitation as long as
it has a curing acceleration action. When an epoxy resin

is used, examples of curing accelerators include latent
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imidazole and imidazole derivatives, a BF3 amine complex,
triphenylphosphine, 1,8-diazabicyclo-(5.4.0)undecene-7,
ethyltriphenylphosphonium bromide, and tetramethylammonium
chloride, and especially preferred examples 1nclude

5 imidazole and imidazole derivatives.
10027]

In mixing the resin composition of the present
invention, it is preferred that a solvent is added to the
resin composition. With respect to the solvent, there 1is

10 no particular limitation as long as the solvent has
properties such that the insulating resin, a curing agent

for a curing reaction of the insulating resin, and others

are dissolved in and mixed into the solvent. With respect
to the solvent, preferred is acetone, methyl ethyl ketone,

15 mwmethyl butyl ketone, toluene, xylene, ethyl acetate, N,N-
dimethylformamide, N,N-dimethylacetamide, ethanol, ethylene
glycol monomethyl ether, propylene glycol monomethyl ether,
propylene glycol monomethyl ether acetate, cyclohexanone,
or cyclopentanone since they have excellent dissolving

20 power for the resin composition and a relatively low
boiling point. With respect to the amount of the solvent
added, there is no particular limitation as long as the
insulating resin can be dissolved in the solvent, but the
amount of the solvent is preferably in the range of from 20

25 to 300 parts by weight, further preferably 30 to 200 parts
by weight, relative to 100 parts by welght of the sum of
the insulating resin and the curing agent. The above
solvents can be used in combination.

[0028]

30 In the resin composition, inorganic filler can be
used. With respect to the inorganic filler, silica,
alumina, aluminum hydroxide, calcium carbonate, clay, talc,
silicon nitride, boron nitride, titanium oxide, barium
titanate, lead titanate, or strontium titanate can be used.

35 For obtaining the material for multilayer wiring board

(prepreg or laminate) of the present invention having
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uniform and excellent handling properties, the amount of
the inorganic filller added is preferably 300 parts by
weight or less, further preferably 250 parts by weight oY
legs, relative to 100 parts by weight of the sum of the
insulating resin and the curing agent 1n the resin
composition of the present 1nvention. When i1norganic
filler is added to the resin composition, for uniformly
dispersing the filler in the composition, a mixer, a
homogenizer, or the like is advantageously used.

10029}

In the resin composition of the present invention,
an additive can be further used in such an amount that the
effect aimed at by the present invention can be obtained.
With respect to the additive, a silane coupling agent, a
defoamer, or the like can be used. For maintaining
excellent properties of the resin composition, the amount
of the additive used is preferably 5 parts by welght or
less, further preferably 3 parts by weight or less,
relative to 100 parts by weight of the sum of the
insulating resin and the curing agent.

[0030]

Generally, when inorganic filler 1s added to the
insulating resin, the resultant resin composition has an
elastic modulus increased due to the elastic modulus of the
inorganic filler, and hence has a molecular weight between
crosslinking sites apparently smaller than the molecular
weight between crosslinking sites of the single insulating
resin. Therefore, it is preferred that an elastic modulus
of the insulating resin is measured in a state such that
the inorganic filler is removed and a molecular weilight
between crosslinking sites is determined by making a

calculation, but, when the inorganic filler cannot be

removed, the elastic modulus is corrected using the formula
(3) below and a molecular welght between crosslinking sites
calculated using the formula (1) and formula (2) above can

be used as the molecular weight between crosslinking sites
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in the present invention. In the correction of elastic
modulus using the formula (3), Pa 1s used as a unit of
elastlic modulus, and the unit 1s corrected to dyn in the
formula (1), and, with respect to the Poisson ratio and
specific gravity in the formula (2), respective values for
the single resin must be used. When these values cannot be
actually measured, a Poilsson ratio of 0.5 and a specific

gravity of 1.2 are applied to the formula to make a

calculation.

[G031]

I

Eb
VE x Ef/S8

Ea - (0.065 x VE x VE + 0.023 x VE + 0.001) X

Formula (3)
(VE: volume percentage of inorganic filler; Ea: storage

modulus measured in a state such that inorganic filler 1s

incorporated; Eb: corrected storage modulus; Ef: elastic

modulus of inorganic filler)

[0032]

The prepreqg of the present invention is obtained by
applying the above-described resin composition to a
substrate and drying them: The laminate of the present
invention is obtained by subjecting the prepreg to laminate
molding. With respect to the conditions for laminate
molding, there is no particular limitation, and the
laminate may be a metal-clad laminate formed by disposing a
metallic foil on the prepreg upon laminate molding. The
wiring board of the present invention is obtained by
subjecting the above-mentioned laminate to general circuilt
processing. *

[0033]

With respect to the substrate, there can be used any
substrate such that the substrate is impregnated with the
resin composition and they can be heat-cured and unified,

and glass woven fabric, glass nonwoven fabric, or aramid
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nonwoven fabric is preferably used. For example, nonwoven
fabric or woven fabric comprised of synthetic fibers, or
paper can be used. When the resin composition and the
substrate are heat-cured and unified, the resultant resin

5 composition has an increased elastic modulus due to the
elastic modulus of the substrate. Hence, the result has a
molecular weight between crosslinking sites apparently
smaller than that of the insulating resin alone. Therefore,
it is preferred that a molecular weight between

10 crosslinking sites is determined from an elastic modulus

solely of the resin separated from the substrate. But, when
the resin cannot be separated from the substrate, the
elastic modulus measured in a state such that the resin 1is
unified with the substrate can be corrected using the

15 formula (4) below. A molecular weight between crosslinking
sites determined using the corrected storage modulus and
using the formula (1) and formula (2) by making a
calculation can be used as the molecular weight between
crosslinking sites in the present invention, and, with

20 respect to the Poisson ratio and specific gravity in the
formula (2), respective values for the single resin must Dbe
used. When these values cannot be actually measured, a
Poisson ratio of 0.5 and a specific gravity of 1.2 are
applied to the formula to make a calculation.

25 [0034]

Fa = 0.11 x Eb - 6.25 x 10°

Formula (4)

(Ea: corrected storage modulus; Eb: storage modulus
measured in a state such that resin is unified with

30 substrate)

When inorganic filler is added to the resin composition,
the elastic modulus calculated using the formula (4) must
be further corrected using the formula (3) above.

35

Examples
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[0035]

Hereinbelow, the present invention will be described
in more detail with reference to the following Examples,
which should not be construed as limiting the scope of the

present i1nvention.

[0036]
Example 1

An insulating resin varnish having the formulation
shown below was prepared. The equivalent of the heat
curing agent relative to epoxy was 1.0. The insulating
resin varnish was applied to a PET film and dried at 120°C
for 10 minutes so that the resin was in a semicured state
to prepare a film with insulating resin having a thickness
of 7045 pum. A semicured resin was removed from the film
with insulating resin and obtained in the form of powder.

From the powder of semicured resin, a resin plate was

prepared in accordance with the following procedure. As a
spacer and a release sheet, a fluororesin sheet having
formed therein a 50 mm square as a die for resin plate was
prepared, and'the resin powder was placed in the square,

and a copper foil was disposed on both sides of the sheet

and cured under press conditions at 175°C and 2.5 MPa IOT
90 minutes. Then, the copper foil was etched away, and the

resin plate was peeled off the fluororesin sheet to prepare
a resin plate having a thickness of 0.2 mm for measurement

of thermal expansion coefficient and elastic modulus.

Difunctional naphthalene epoxy resin: HP-4032D:
100 g (trade name; manufactured by Dainippon Ink &

Chemicals Incorporated)

Aminotriazine novolak resin: LA-3018: 52.9 g

(trade name; manufactured by Dainippon Ink & Chemicals

Incorporated)
Curing accelerator: 1-Cyanoethyl-2-

phenylimidazole: 2PZ-CN: 0.5 g (trade name; manufactured by
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Shikoku Corporation)

Solvent: Methyl ethyl ketone: 250 g

(0037]
Example 2

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as in Example 1 except that
the epoxy resin was changed to 100 g of a dihydroanthracene
epoxy resin: YX-8800 (trade name; manufactured by Japan
Epoxy Resins Co., Ltd.), and that the amount of
aminotriazine novolak resin LA-3018 as a curing agent was

changed from 52.9 g to 39.8 g.

[0038]
Example 3

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained 1n
substantially the same manner as 1n Example 1 except that
the epoxy resin was changed to 100 g of a biphenyl novolak
epoxy resin: NC-3000-H (trade name; manufactured by Nippon
Kayaku Co., Ltd.), and that the amount of aminotriazine

novolak resin LA-3018 as a curing agent was changed to 24.9

g.

[0039]
Example 4

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtailned 1n
substantially the same manner as in Example 1 except that
187.5 g of silica: SO-G1 (trade name; manufactured by

Admatechs Co., Inc.; average particle gize: 0.2 to 0.4 um)
was added to the formulation in Example 1.

[0040]
Example 5
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(1) Preparation of impregnating resin for glass woven
fabric

An impregnating resin varnish for glass woven fabric

having the formulation shown below was prepared.

Difunctional naphthalene epoxy resin: HP-4032D:
100 g (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated)
Aminotriazine novolak resin: LA-3018: 52.9 g
10 (trade name; manufactured by Dainippon Ink & Chemicals
Incorporated)
Curing accelerator: 2PZ-CN: 0.5 g (trade name;
manufactured by Shikoku Corporation)
Silica: SO-G1l: 187.5 g (trade name; manufactured
15 by Admatechs Co., Inc.; average particle size: 0.2 to 0.4

pm )
Solvent: Methyl ethyl ketone: 400 g

(004 1]
20 (2) Preparation of substrate for measurement of thermal
expansion coefficient
Glass woven fabric having a thickness of 0.2 mm
(basis weight: 210 g/m’) was impregnated with the
impregnating resin varnish for glass woven fabric prepared
25 in item (1) above, and heated at 160°C for 3 minutes to
obtain a semicured (B-stage) prepreg. Four sheets of the
resultant prepreg were stacked on one another, and on both

sides of the stacked prepreg was disposed a copper foil

(trade name: F2-WS) having a thickness of 18 um (Rz: 2.0
30 um; Ra: 0.3 pm) as a metallic foil, followed by pressing

under conditions at 175°C and 2.5 MPa for 90 minutes, to
prepare a double-sided copper-clad laminate. The copper-

clad laminate prepared was immersed in a 150 g/l agqueous

solution of ammonium persulfate at 40°C for 20 minutes toO
35 etch the copper foil away, obtaining a substrate for

measurement of thermal expansion coefficient and elastic
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modulus.

[10042]
Example 6

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as 1n Example 1 except that
the epoxy resin was changed to 100 g of a dihydroanthracene

epoxy resin: YX-8800 (trade name; manufactured by Japan

Epoxy Resinsgs Co., Ltd.) and 65.8 g of a biphenyl novolak
epoxy resin: NC-3000-H (trade name; manufactured by Nippon
Kayaku Co., Ltd.), that 84.5 g of a cresol novolak resin:
KA-1165 (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated) was added, and that 1.66 g of a
dicyandiamide (manufactured by Kanto Chemical Co., Ltd.),
in terms of a dicyandiamide, dissolved 1in propylene glycol

monomethyl ether in an amount of 2% by weight was added.

[10043]
Example 7

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained 1n
substantially the same manner as in Example 1 except that
the epoxy resin was changed to 100 g of a dihydroanthracene
epoxy resin: YX-8800 (trade name; manufactured by Japan
Epoxy Resins Co., Ltd.) and 65.8 g of a biphenyl novolak
epoxy resin: NC-3000-H (trade name; manufactured by Nippon
Kayaku Co., Ltd.), that 75.1 g of a cresol novolak resin:
KA-1165 (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated) was added, and that 9.9 g of

benzoguanamine (manufactured by Kanto Chemical Co., Ltd.)

'was added.

10044}
Example 8

A resin plate for measurement of thermal expansion
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coefficient and elastic modulus was obtalned in
substantially the same manner as 1n Example 1 except that
the epoxy resin was changed to 100 g of a difunctional
naphthalene epoxy resin: HP-4032D (trade name; manufactured

by Dainippon Ink & Chemilicals Incorporated), and that 478 g

" of a bismaleimide-containing aminotriazine novolak resin:

I1Z-9872 (trade name; manufactured by Dainippon Ink &

Chemicals Incorporated) was added.

[0045]
Example 9

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained 1in
substantially the same manner as in Example 1 except that
the epoxy resin was changed to 100 g of a dihydroanthracene
epoxy resin: YX-8800 (trade name; manufactured by Japan
Epoxy Resins Co., Ltd.) and 44.8 g of a phenolic novolak
epoxy resin: N-770 (trade name; manufactured by Dainippon
Ink & Chemicals Incorporated), that the amount of 1.LA-3018
was changed to 59.6 g, and that 249.8 g of silica: SO-Gl

(trade name; manufactured by Admatechs Co., Inc.; average

particle size: 0.2 to 0.4 um) was further added.

[0046]
Example 10

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained 1in
substantially the same manner as in Example 1 except that
the epoxy resin was changed to 100 g of a dihydroanthracene
€p
Epoxy Resins Co., Ltd.) and 42.6 g of a phenolic novolak

iy

oxy resin: YX-8800 (trade name; manufactured by Japan

epoxy resin: N-740 (trade name; manufactured by Dainippon
Ink & Chemicals Incorporated), that the amount of LA-3018
as a curing agent was changed to 59.6 g, and that 247.1 g

of silica: SO-G1 (trade name; manufactured by Admatechs Co.,

Inc.; average particle size: 0.2 to 0.4 um) was further
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added.

[0047]
Example 11

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantlally the same manner as in Example 1 eXcept that
the epoxy resin was changed to 100 g of a dihydroanthracene
epoxy resin: YX-8800 (trade name; manufactured by Japan
Epoxy Resins Co., Ltd.) and 49.5 g of a bisphenol A epoxy
resin: N-865 (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated), that the amount of LA-3018 as a
curing agent was changed to 59.6 g, and that 255.6 g of

silica: SO-Gl1 (trade name; manufactured by Admatechs Co.,

Inc.; average particle size: 0.2 to 0.4 um) was further
added.

[0048]
Example 12

A substrate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as in Example 5 except that
the epoxy resin was changed to 100 g of a.dihydroanthracene
epoxy resin: ¥YX-8800 (trade name; manufactured by Japan
Epoxy Resins Co., Ltd.) and 65.8 g of a biphenyl novolak
epoxy resin: NC-3000-H (trade name; manufactured by Nippon
Kayaku Co., Ltd.), that the curing agent was changed to
84.5 g of a cresol novolak resin: KA-1165 (trade name;
manufactured by Dainippon Ink & Chemicals Incorporated) and
1.66 g of a dicyandiamide (manufactured by Kanto Chemical
Co., Ltd.), in terms of a dicyandiamide, dissolved in
propylene glycol monomethyl ether in an amount of 2% by

weight, and that the amount of silica: SO-Gl1 (trade name;

manufactured by Admatechs Co., Inc.; average particle size:

0.2 to 0.4 um) was changed to 308.0 g.
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[0049]
Comparatlve Example 1

An insulating resin varnish having the formulation
shown below was prepared. The equivalent of the heat
curing agent relative to epoxy was 1.0. The insulating

resin varnish was applied to a PET film and dried at 120°C
for 10 minutes to prepare a film with insulating resin

having a thickness of 70+5 um. A semicured resin was
removed from the film with i1nsulating resin and obtained in
the form of powder. From the powder of semicured resin, a
resin plate was prepared in accordance with the following
procedure. As a spacer and a release sheet, a fluororesin
sheet having formed therein a 50 mm sguare as a die for
resin plate was prepared, and the resin powder was placed
in the square, and a copper foil was disposed on both sides
of the sheet and cured under press conditions at 175°C and
2.5 MPa for 90 minutes. Then, the copper foll was etched
away, and the resin plate was peeled off the fluororesin
sheet to prepare a resin plate having a thickness of 0.2 mm

for measurement of thermal expansion coefficient and

elastic modulus.

Phenolic novolak epoxy resin: N-770: 100 g (trade
name; manufactured by Dainippon Ink & Chemicals
Incorporated)

Phenolic novolak resin: HP-850: 53.3 g (trade
name; manufactured by Hitachi Chemical Co., Ltd.)

Dicyandiamide: 0.13 g (trade name; manufactured by
Kanto Chemical Co., Ltd.)

Curing accelerator: 2PZ-CN: 0.5 g (trade name;
manufactured by Shikoku Corporation)

Solvent: Methyl ethyl ketone: 250 g

[0050]
Comparative Example 2

A resin plate for measurement of thermal expansion
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coefficient and elastic modulus was obtained in
substantially the same manner as in Comparative Example 1
except that the epoxy resin was changed to 100 g of a
tetrafunctional naphthalene epoxy resin: HP-4700 (trade
name; manufactured by Dainippon Ink & Chemlcals
Incorporated), and that the curing agent was changed to
43.4 g of an aminotriazine novolak resin: LA-3018 (trade
name; manufactured by Dainippon Ink & Chemicals

Incorporated) .

[0051]

Comparative Example 3

Preparation of HP-4032 reactlon product
' Ingredients of formulation 1 shown below were placed
in a 1-litter four-necked separable flask equipped with a

thermometer, a condenser, and a stirrer to effect a

reaction at 100°C for 2 hours. The regultant reaction

mixture was cooled to room temperature (25°C), and
ingredients of formulation 2 shown below were added to the

mixture to prepare an insulating resin varnish. The

insulating resin varnish was applied to a PET film and

dried at 160°C for 10 minutes to prepare a film with

insulating resin having a thickness of 705 pum. A

semicured resin was removed from the film with insulating

resin and obtained in the form of powder. From the powder
of semicured resin, a resin plate was prepared 1in
accordance with the following procedure. As a spacer and a

release sheet, a fluororesin sheet having formed therein a

50 mm square as a die for resin plate was prepared, and the
resin powder was placed in the square, and a copper foil

was disposed on both sides of the sheet and cured under

press conditions at 175°C and 2.5 MPa for 90 minutes. Then,

the copper foil was etched away, and the resin plate was
peeled off the fluororesin sheet to prepare a resin plate
having a thickness of 0.2 mm for measurement of thermal

expansion coefficient and elastic modulus.
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- Formulation 1

Difunctional naphthalene epoxy resin: HP-4032D:
83.2 g (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated)

Bisphenol A: 69.8 g (reagent grade; manufactured
by Kanto Chemical Co., Ltd.)

Curing accelerator: 2PZ-CN: 0.4 g (trade name;

manufactured by Shikoku Corporation)

Formulation 2

Difunctional naphthalene epoxy resin: HP-4032D:
100 g (trade name; manufactured by Dainippon Ink &
Chemicals Incorporated)

Aminotriazine novolak resin: LA-3018: 52.9 g

(trade name; manufactured by Dainippon Ink & Chemilcals

Incorporated)

Curing accelerator: 2PZ-CN: 0.5 g (trade name;

manufactured by Shikoku Corporation)

Solvent: Cyclohexanone: 250 g

[0052]
Comparative Example 4

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtalined in
substantially the same manner as 1in Comparative Example 1
except that 188.2 g of gilica: SO-Gl1 (trade name;

manufactured by Admatechs Co., Inc.; average particle size:

0.2 to 0.4 um) was further added.

[0053]
Comparative Example 5

(1) Preparation of impregnating resin for glass woven

fabric
An impregnating resin varnish for glass woven fabric

having the formulation shown below was prepared.
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Phenolic novolak epoxy resin: N-770: 100 g (trade

name; manufactured by Dainippon Ink & Chemicals
Incorporated)

5 + Phenolic novolak resin: HP-850: 53.3 g (trade

name; manufactured by Hitachi Chemical Co., Ltd.)

Dicyandiamide: 0.13 g (trade name; manufactured by
Kanto Chemical Co., Ltd.)

Curing accelerator: 2PZ-CN: 0.5 g (trade name;
10 manufactured by Shikoku Corporation)

Silica: SO-Gl: 188.2 g (trade name; manufactured
by Admatechs Co., Inc.; average particle size: 0.2 to 0.4

pm)

Solvent: Methyl ethyl ketone: 400 g
15

(0054]

(2) Preparation of substrate for measurement of thermal
expansion coefficient

Glass woven fabric having a thickness of 0.2 mm
20 (basis weight: 210 g/m®’) was impregnated with the
impregnating resin varnish for glass woven fabric prepared
in item (1) above, and heated at 160°C for 3 minutes to
obtain a semicured (B-stage) prepreg. Four sheets of the
resultant prepreg were stacked on one another, and on both

25 sides of the stacked prepreg was disposed a copper foil

(trade name: F2-WS) having a thickness of 18 pum (Rz: 2.0

um; Ra: 0.3 um), followed by pressing under conditions at

175°C and 2.5 MPa for 90 minutes, to prepare a double-sided

copper-clad laminate. The copper-clad laminate prepared

30 was immersed in a 150 g/l aqueous solution of ammonium

persulfate at 40°C for 20 minutes to etch the copper foil

away, obtaining a substrate for measurement of thermal

expansion coefficient and elastic modulus.

35 ]0055]

Comparative Example 6
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A substrate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as in Comparative Example 5

except that the amount of silica S0-Gl1 was changed to 282.3
g .

[0056])
Comparative Example 7

Preparation of a sample was conducted in
substantially the same manner as in Comparative Example 5

except that the amount of silica SO-G1l was changed to 422.0

g, but the press moldability was too poor to obtain a

sample.

10057]

Comparative Example 8

Preparation of a sample was conducted in
substantially the same manner as in Comparative Example 1

except that the epoxy resin was changed to 100 g of a

difunctional naphthalene epoxy resin: HP-4032D (trade name;
manufactured by Dainippon Ink & Chemicals Incorporated),
and that the curing agent was changed to 83.8 g of
bisphenol A (manufactured by Kanto Chemical Co., Ltd.) and
dicyandiamide was not added, but the sample was
disadvantageously elongated due to the load of the
measurement apparatus at a temperature of Tg or higher,
maklng 1t Impossible to measure a storage modulus at a

temperature of Tg or higher.

[0058]
Comparative Example 9

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as in Comparative Example 2
except that the curing agent was changed to 58.6 g of

triphenolmethane: MEH-7500 (trade name; manufactured by
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MEIWA PLASTIC INDUSTRIES, LTD.).

10059
Comparative Example 10

Preparation of a sample was conducted in
substantially the same manner as in Comparative Example 1
except that the epoxy resin was changed to 100 g of a
dihydroanthracene epoxy resin: YX-8800 (trade name;
manufactured by Japan Epoxy Resins Co., Ltd.), and that the
curing agent was changed to 63.0 g of bisphenol A
(manufactured by Kanto Chemical Co., Ltd.), but the sample
was disadvantageously elongated due to the load of the
measurement apparatus at a temperature of Tg or higher,
making 1t impossible to measure a storage modulus at a

temperature of Tg or higher.

[0060]
Comparative Example 11

A resin plate for measurement of thermal expansion
coefficient and elastic modulus was obtained in
substantially the same manner as in Comparative Example 1

except that the epoxy resin was changed to 100 g of a

naphthalene novolak epoxy resin: NC-7000L (trade name;
manufactured by Nippon Kayaku Co., Ltd.), and that the
curing agent was changed to 45.5 g of a phenolic novolak

resin: HP-850 (trade name; manufactured by Hitachi Chemical

Co., Ltd.).

[0061]

Measurement of thermal expansion coefficient

With respect to each of the resin plates for
measurement of thermal expansion coefficient and elastic
modulus in Examples 1 to 4 and 6 to 11 and Comparative

Examples 1 to 4 and 8 to 11, the copper foil was removed

and a 4 x 20 mm test specimen was cut out, and a thermal
expansion coefficient at a temperature of lower than Tg was
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measured with regpect to the test specimen using a TMA

tester (TMA-2940), manufactured by TA Instruments, by a

tensile method at a temperature elevation rate of 10°C/min.
With respect to each of the substrates for measurement of

thermal expansion coefficient and elastic modulus in

Examples 5 and 12 and Comparative Examples 5 to 7, the
copper folil was removed and a 5 mm square test specimen was
cut out, and a thermal expansion coefficient at a
temperature of lower than Tg was measured with respect to
the test specimen using a TMA tester (TMA-2940),

manufactured by TA Instruments, by a compression method at

a temperature elevation rate of 10°C/min.

[0062]
Measurement of storage modulus

With respect to each of the resin plates for
measurement of thermal expansion coefficient and elastic
modulus and the substrates for measurement of thermal

expansion coefficient and elastic modulus, the copper foil

was removed and a 5 x 30 mm test specimen was cut out, and
a storage modulus was measured with respect to the test

specimen using a dynamic viscoelasticity measurement
apparatus (E-4000, manufactured by UBM Co., Ltd.) under

automatic static load conditions at a temperature elevation

rate of 5°C/min.

10063]

Handling properties (dusting) of impregnated glass cloth

The prepreg prepared was cut by means of a cutter
and visually observed 1in respect of dusting.

[0064]

With respect to the resin plates for measurement of
thermal expansion coefficient and elastic modulus prepared
in Examples (containing a resin and containing no lnorganilc
filler and no glass cloth), the results of the measurements

of storage modulus in the lengthwilise direction and thermal
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expansion coefficient at a temperature of lower than Tg are
shown in Tables 1 and 3.

With respect to the substrates for measurement of
thermal expansion coefficient and elastic modulus prepared
in Examples (containing a resin and inorganic filler and/oxr
glass cloth), the results of the measurements of storage
modulus in the plane direction and thermal expansion
coefficient at a temperature of lower than Tg are also
shown in Tables 1 and 3.

[0065]

On the other hand, with respect to the resin plates
for measurement of thermal expansion coefficient and
elastic modulus prepared in Comparative Examples, the
results of the measurements of storage modulus 1n the

lengthwise direction and thermal expansion coefficient at a

temperature of lower than Tg are shown 1n Tables 2 and 4.
With respect to the substrates for measurement otf

thermal expansion coefficient and elastic modulus prepared

in Comparative Examples, the results of the measurements of

storage modulus in the plane direction and thermal

expansion coefficient at a temperature of lower than Tg are
also shown in Tables 2 and 4.
[0066]

In Examples 1 to 3 and 6 to 8 and Comparative
Examples 1 to 3 and 8 to 11, the specific gravity of the
material was 1.2. In Examples 4 and 9 to 11 and
Comparative Example 4, the specific gravity of the material
was 1.6. In Examples 5 and 12 and Comparative Examples 5
and 6, the specific gravity of the material was 2.0. In
Comparative Example 7, the specific gravity of the material
was 2.2. With respect to the correction of the molecular
weight between crosslinking sites, the storage modulus was
corrected using a storage modulus of 80 GPa for silica, and
a molecular weight between crosslinking sites was

determined by making a calculation using a specific gravity

of 1.2 for the material. A Poisson ratio of 0.5 was used
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in all the Examples and Comparative Examples.
[0067]

The resin plates in Examples 1 to 3 and 6 to 8 have

a thermal expansion coefficient at a temperature of lower

than Tg of 55 to 64 ppm/°C, whereas the resin plates in
Comparative Examples 1 to 3 and 8 to 11 have a thermal

expansion coefficient at a temperature of lower than Tg of
68 to 87 ppm/°C. From this, it is apparent that the resin
plates in the Examples have a thermal expansion coefficient

at a temperature of lower than Tg smaller than that of the

resin plates in the Comparative Examples by 4 ppm/°C at the

least and by 32 ppm/°C at the most. In Comparative
Examples 8 and 10, each sample was disadvantageously

elongated due to the load of the measurement apparatus at a

temperature of Tg or higher, making it i1mpossible to

measure a storage modulus at a temperature of Tg or higher.
In Examples 1 to 3 and 6 to 8, the molecular weight between
crosslinking sites falls in the range of from 300 to 1,000

defined in the present invention. By contrast, 1n

Comparative Examples 1 to 3, 9, and 11, the molecular
weight between crosslinking sites 1s 250 or less, and hence
the crosslinking density is high and satisfactory
interaction between aromatic rings is not exhibited, so
that the thermal expansion coefficlent cannot be reduced.
[0068]

In Comparative Example 3 in which to the formulation
in Example 1 is added a reaction product using the same
epoxy resin as that in Example 1 and the molecular weight
between crosslinking sites is 3,860, the thermal expansion
coefficient at a temperature of lower than Tg is 68 ppm/°C.
From this, it is apparent that, by merely adding an
insulating resin having an aromatic ring, the thermal

expansion coefficient at a temperature of lower than Tg

cannot be reduced utilizing the interaction between
aromatic rings, and this result indicates that, for

reducing the thermal expansion coefficient utilizing the
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interaction between aromatic rings, 1t 1s essential to
control the resin formulation so that the molecular weight
between crosslinking sites 1n the present invention falls
in the range of from 300 to 1,000.
[0069]

In Examples 4 and 9 to 11 and Comparative Example 4,
silica is incorporated as inorganic filler. The thermal

expansion coefficient at a temperature of lower than Tg 1in

Examples 4 and 9 to 11 is 34 to 36 ppm/°C, wherein that in

Comparative Example 4 is 40 ppm/°C. With respect to the
corrected molecular weight between crosslinking sites,

Example 4 is 458, Example 9 is 320, Example 10 is 564, and

Example 11 is 365. By contrast, Comparative Example 4 1s
235. From this, it is apparent that, like the insulating
resin in Examples 1 to 3, in Examples 4 and 92 to 11, the
interaction between aromatic rings reduces the thermal
expansion coefficient. Further, it has been found that,
even when filler is incorporated, the insulating resin
having a molecular weight between crosslinking sites 1n the

range defined in the present inventlion exhibits a reduced

thermal expansion coefficient at a temperature of lower
than Tg, as compared to that of a conventional material.
10070]

In Example 5 and Comparative Example 5, the resin
varnishes in Example 4 and Comparative Example 4 are,
respectively, impregnated with glass cloth. The thermal

expansion coefficient at a temperature of lower than Tg in

Example 5 is 13.5 ppm/°C, whereas that in Comparative

Example 5 is 15 ppm/°C. With respect to the molecular
weight between crosslinking sites determined using the

corrected storage modulus, Example 5 is 458 and Comparative

Example 5 1is 233.
In Example 12, glass cloth is impregnated with the

resin varnish in Example 6 to which silica is added. The

thermal expansion coefficient at a temperature of lower

than Tg in Example 12 is 12.5 ppm/°C. The molecular weight
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between crosslinking sites determined using the corrected
storage modulus 1s 314.

In Comparative Examples 6 and 7, the amount of the
silica contained in the resin varnish in Comparative
Example 5 is increased. In Comparative Example 6, the
thermal expansion coefficient at a temperature of lower
than Tg is 13.5 ppm/°C, but the handling properties of the
impregnated glass cloth are pooxr, that i1s, marked dusting
is caused. In Comparative Example 7, the press moldability
was too poor to obtalin a sample. In Comparative Example 6,
the molecular weight between crosslinking sites determined
using the corrected storage modulus was 218. From the
above, 1t 1s apparent that, for reducling the thermal
expansion coefficient utilizing the interaction between
aromatic rings, 1t 1s essential to control the resin
formulation so that the insulating resin has a molecular
weight between crosslinking sites in the range of from 300
to 1,000.

[0071]

When the thermal expansion coefficient 1s reduced to
the thermal expansion coefficilient at a temperature of lower
than Tg in Example 12 by a conventional method in which the
amount of filler is increased, a fallure of the press
molding occurs, but the press molding 1s achleved in
Example 12, which indicates the effect of the present
invention.

[0072]
In the Tables below, the amount of each component 1is

indicated in a unit of gram (g).
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Examples of the

17Tl

Structures of the resins used

d others are shown below.

Ci1on an

inverin

present

5
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Table 5
Epoxy equivalent

Material (Hydroxyl
equivalent

Specific

gravity Substituent

YX-8800

HP-4032

HP-4700
NC-3000-H

162

pOXy group

poXy group

i

N-770

N—-740
NC-7000L
KA-1165
LA-3018

amml,
N
®

Tl
=

Hydroxy! group,

1.1
- AMIno groug
MEH-7500 97 - | Epoxy grour
Bisphenol A 114 m ¢ . ¢
HP-850 _ ¢ . 0
[0079]
5 In the present 1nvention, by controlling the resin

formulation of the insulating resin having an aromatic ring

so that the 1insulating resin has a molecular weight between

crosslinking sites in the range of from 300 to 1,000, a

resin composition having a low thermal expansion

N

10 coefficient can be obtained.

INDUSTRIAL APPLICABILITY
[0080]

15 There can be provided, without increasing the

crosslinking density, a resin composition which is
advantageous not only in that the resin composition can be
produced at low cost, but also in that it is unlikely to

thermally expand, a prepreg, a laminate, and a wiring board.
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CLAIMS:
1. A resin composition for use 1n production of a

laminate, the resin composition comprising an insulating resin
having an aromatic ring, wherein the insulating resin having an
O aromatic ring has a molecular weight between crosslinking sites

of 300 to 1,000 on a stage after a production of a laminate, as

determined from an elastic shear modulus of the insulating

resin measured at a temperature of Tg or higher.

2. The resin composition according to claim 1, wherein
10 the insulating resin having an aromatic ring comprises a

polycycllc compound.

3. The resin composition according to claim 1 or 2,
wherein the insulating resin has a biphenyl structure, a
naphthalene structure, an anthracene structure, or a

15 dihydroanthracene structure.

4 The resin composition according to any one of claims

1 to 3, wherein the insulating resin 1s an epoxy resin.

5. The resin composition according to claim 4, wherein

the epoxy resin comprises at least one crystallline epoxy resin.

20 ©6. The resin composition according to claim 4 or 5,

wherein the epoxy resin comprises at least one member selected

from a biphenyl novolak epoxy resin represented by the

following general formula (1):

H H-
HZC\“-";C“C"-O O—C*—C\'—;CH

‘ ' Q ‘ H .... General formula (1)
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whereiln each of thxJEﬁindependently
represents a CyHons+1 group wherein m represents
0 or an 1integer equal to or greater than 1,

and n represents 0 or an integer equal to or

greater than 1,

an anthracene epoxy resin represented by the following general

formula (2):

H K |
HZC\—/C—C-*O O“ 0—C—C—CH, * * * * General formula (2)
H H \N /
0 2 2 0
R> RO

wherein each of R> to R® independently

represents a CpHyps1 group wherein p

represents 0 or an integer equal to or

greater than 1,

and a dihydroanthracene epoxy resin represented by the

following general formula (3):

H
&—C C“ﬁH
(R?). a“ R9, .. General formula (3)
C_fH
m} 0

wherein R’ each occurrence independently
represents a CiHoey1 group, wherein t
represents 0 or an integer equal to or
greater than 1, r represents an integer of 0
to 4, R'Y each occurrence independently

represents a CyHyy+1 group, wherein u
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represents 0 or an integer equal to or
greater than 1, and s represents an integer
of 0 to o.
7. The resin composition according to any one of claims

4 to o, wherein the epoxy resin uses a curing agent which
comprises at least one member selected from a phenolic novolak
resin, a cresol novolak resin, a bisphenol A novolak resin, an

aminotriazine novolak resin, a bismaleimide-containing

aminotriazine novolak resin, dicyandiamide, and

benzoguanamine.

8 . A prepreg obtained by applying the resin composition
according to any one of claims 1 to 7 to a substrate so that

the substrate 1s i1mpregnated with the resin composition, and

then drying them.

9. The prepreqg according to claim 8, wherein the

substrate 1s glass woven fabric, glass nonwoven fabric, or

aramid nonwoven fabric.

10. A laminate obtained by subjecting the prepreg

according to claim 8 or 9 to laminate molding.

11. A wiring board obtained by subjecting a metallic

foil disposed on one side or both sides of the laminate

according to claim 10 to circuit processing.
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