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ADHESIVE-ATTACHED COPPER FOIL,
COPPER-CLAD LAMINATE, AND WIRING
SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of prior International
Application No. PCT/JP2018/000824, filed on Jan. 15, 2018
which is based upon and claims the benefit of priority from
Japanese Patent Application No. 2017-063283, filed on Mar.
28, 2017, the entire contents of all of which are incorporated
herein by reference.

FIELD

The present invention relates to an adhesive-attached
copper foil, a copper-clad laminate, and a wiring substrate,
and particularly relates to a wiring substrate having a low
dielectric constant and a low dielectric loss tangent, and an
adhesive-attached copper foil and a copper-clad laminate
that are suitable for manufacture of the wiring substrate.

BACKGROUND

In recent years, speeding up and high integration of LSIs,
large capacity of memories, and so on have been in progress,
and with this, miniaturization, reduction in weight, thinning,
and the like of various electronic components have been in
progress rapidly. Therefore, materials are also required to
have more excellent heat resistance, dimensional stability,
electric properties, and so on.

Conventionally, thermosetting resins such as a phenol
resin, an epoxy resin, and a polyimide resin have been used
for printed wiring substrates. These resins have various
performances in a balanced manner but have a poor dielec-
tric property in a high-frequency range.

As a new material to solve this problem, polyphenylene
ether attracts attention, and application of polyphenylene
ether to a copper-clad laminate has been attempted (refer to
JP-A 2005-008829). Further, in recent years, application of
a product made by forming an alloy layer and a silane
coupling agent adsorption layer on a copper foil surface has
also been examined in order to correspond to a fine pitch of
a circuit (refer to JP-B 4178415, JP-A 2003-201585).

SUMMARY

However, in recent years, reducing a dielectric constant
and a dielectric loss tangent in a higher-frequency range has
been required. Therefore, the polyphenylene ether has also
been required to further reduce the dielectric constant and
the dielectric loss tangent in such a high-frequency range.
However, the polyphenylene ether has small high polar
functional groups contributing to adhesion, and thus the
bonding property between a copper foil and a resin cured
layer tends to decrease, resulting in that there is increasing
a demand for a low dielectric substrate having a high
adhesive force.

An object of the present invention is to provide a wiring
substrate having a low dielectric constant and a low dielec-
tric loss tangent. Further, an object of the present invention
is to provide an adhesive-attached copper foil and a copper-
clad laminate that are suitable for manufacture of such a
wiring substrate and have improved adhesiveness to a cop-
per foil.
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The adhesive-attached copper foil of the present invention
is an adhesive-attached copper foil including: a copper foil
having a roughened surface on one surface of the copper
foil, the roughened surface having a silane coupling agent
layer surface-treated by methacrylic silane, acrylic silane or
isocyanurate silane; and an adhesive layer formed on the
roughened surface and made of a resin composition con-
taining, as a main component thereof, modified polyphe-
nylene ether resulting from modification of a hydroxyl group
present at the end of the main chain with an ethylenically
unsaturated compound.

The copper-clad laminate of the present invention is a
copper-clad laminate including: a copper foil having a
roughened surface on one surface of the copper foil, the
roughened surface having a silane coupling agent layer
surface-treated by methacrylic silane, acrylic silane, or iso-
cyanurate silane; and the prepreg laminated on the rough-
ened surface and made by impregnating a glass cloth with a
resin composition containing, as a main component thereof,
modified polyphenylene ether resulting from modification of
a hydroxyl group present at the end of the main chain with
an ethylenically unsaturated compound.

The wiring substrate of the present invention includes the
above-described copper-clad laminate of the present inven-
tion in which copper foil is processed into a wiring pattern.

According to the wiring substrate of the present invention,
it is possible to obtain a wiring substrate suitable for a high
frequency that has a low dielectric constant and a low
dielectric loss tangent and has excellent adhesiveness to a
copper foil. Further, the adhesive-attached copper foil and
the copper-clad laminate of the present invention are mate-
rials suitable for manufacturing the above-described wiring
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a schematic
formation of an adhesive-attached copper foil that is one
embodiment of the present invention.

FIG. 2 is a cross-sectional view illustrating a schematic
formation of a copper-clad laminate that is one embodiment
of the present invention.

FIG. 3 is a cross-sectional view illustrating a schematic
formation of a multilayer board that is one embodiment of
the present invention.

DETAILED DESCRIPTION

Hereinafter, the present invention will be explained with
reference to one embodiment.

[Adhesive-Attached Copper Foil]

As illustrated in FIG. 1, an adhesive-attached copper foil
1 in this embodiment has a copper foil 2 and an adhesive
layer 3 provided on one surface of the copper foil 2. The
adhesive-attached copper foil 1 is bonded to a resin base
(prepreg or the like), and thereby a laminate member having
the copper foil on surfaces of the resin base (copper-clad
laminate or the like) is obtained. A multilayer board (wiring
substrate or the like) can also be formed by processing this
laminate member into an inner layer circuit board and
further overlaying the adhesive-attached copper foils 1
thereon to make a multilayer. Hereinafter, there will be
explained respective components of the adhesive-attached
copper foil.

(Copper Foil)

The copper foil used in this embodiment is not limited in
particular as long as it is a copper foil to be used as a material
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of a circuit board and the like of an electronic component,
and as this copper foil, for example, either an electrolytic
copper foil or a rolled copper foil may be used and its type
and the like are not limited. Further, one surface of this
copper foil is roughened. Here, in this description, “rough-
ening” means forming irregularities on the surface of the
copper foil, and the roughening is performed, for example,
in a manner that as for the electrolytic copper foil, a copper
foil is obtained so as to dare to make the opposite surface to
a glossy surface rough and small irregularities are further
formed on the rough surface, or by a well-known method
such as a blast process, an uneven surface is formed on one
surface of the rolled copper foil having smooth surfaces.

Further, the thickness of this copper foil preferably falls
within a range of 5 to 70 um, and in the electrolytic copper
foil, surface roughness Rz of the roughened surface of the
copper foil preferably falls within a range of 2 to 20% of the
thickness of the copper foil. Further, this surface roughness
Rz is preferably set to 0.1 to 2.0 um. Here, the surface
roughness Rz indicates the maximum height in JIS B0601:
2001. Incidentally, the above-described roughened surface is
what is called a matte surface and the surface opposite
thereto is a smooth surface (glossy surface).

The above-described roughened surface of the copper foil
used in this embodiment is a bonding surface, and in the
adhesive-attached copper foil, the surface on which the
adhesive layer is provided and the roughened surface are the
same. Here, in this description, the “bonding surface” indi-
cates a surface of the copper foil to be bonded to the resin
base and indicates the surface on which the adhesive layer
is provided. In the adhesive-attached copper foil according
to this embodiment, regardless of the type of a copper foil
such as the electrolytic copper foil or the rolled copper foil,
the bonding surface is roughened and the adhesive layer is
provided between this roughened surface of the copper foil
and the resin base, and thereby a sufficient adhesive strength
between the copper foil and the resin base can be obtained.

That is, the adhesive-attached copper foil according to
this embodiment can obtain a sufficient adhesive strength to
the resin base in spite of being what is called a low profile
copper foil, and thus it is not necessary to fuse the surface
of the copper foil when a conductor pattern is formed by
etching as before, resulting in that it is possible to reduce the
time required for etching. Therefore, it becomes possible to
form a circuit having a good etching factor. From the
viewpoint of forming a much finer circuit, the surface
roughness Rz of the copper foil is more preferred to be 1.5
pum or less and further preferred to be 1.0 um or less.

Further, this embodiment employs a formation in which
one surface (the roughened surface) of the copper foil is
surface-treated by a silane coupling agent to form a silane
coupling agent layer, and on the surface of this silane
coupling agent layer, the later-described adhesive layer is
provided. The adhesive layer is provided on the surface of
the copper foil with the silane coupling agent layer provided
therebetween, and thereby wettability between the surface of
the copper foil and the adhesive layer improves, resulting in
that it is possible to improve the adhesive strength when the
adhesive-attached copper foil is bonded to the resin base and
further improve bonding adhesion. Then, the silane coupling
agent layer is provided therebetween, thereby making it
possible to make the copper foil adhere to the later-described
resin base (prepreg) more tightly as compared to the case
where the silane coupling agent layer does not exist.

In forming the silane coupling agent layer, preferably, a
solution made by dissolving 0.5 to 10 g/I. of a silane
coupling agent in a water as a solvent is brought into contact
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with the surface of the copper foil uniformly at a temperature
of a room temperature level by a dipping method, a show-
ering method, an atomizing method, or the like and the
silane coupling agent is uniformly adsorbed on the surface
of the copper foil. The silane coupling agent is condensa-
tion-bonded to the OH groups projecting on the surface of
the copper foil, to thereby form a coating film.

The case of using a solution with the concentration of the
silane coupling agent being less than 0.5 g/L. is not preferred
because the adsorption speed of the silane coupling agent on
the surface of the copper foil is slow, which is commercially
unprofitable generally. Further, it is not preferred because
the silane coupling agent is adsorbed on the surface of the
copper foil ununiformly. Further, the case where the con-
centration of the silane coupling agent exceeds 10 g/L is not
preferred from the economic viewpoint because such an
effect as an improvement in the adsorption speed or unifor-
mity in particular is not further enhanced.

As the silane coupling agent, a commercially available
epoxy-based or amino-based silane coupling agent has been
used for a long time because it is effective for an epoxy-
based base, but regarding the recent response to the higher
frequency, the case where the epoxy-based or amino-based
silane coupling agent fails to satisfy required properties such
as peel strength and heat resistance is on the increase.
Therefore, in this embodiment, when methacrylic silane,
acrylic silane, or isocyanurate silane is used as the silane
coupling agent, the peel strength and the heat resistance
improve and a high-frequency property improves.

Incidentally, this embodiment may employ a formation in
which before the silane coupling agent treatment, the surface
(roughened surface) of the copper foil is rust-proofed and
thereafter, the silane coupling agent treatment is performed,
and the adhesive layer is further provided on the surface on
which this rust-proofed layer and the silane coupling agent
layer are formed. Examples of the rust proofing on the
copper foil include inorganic rust proofing using zinc,
nickel, cobalt, and so on, a chromate treatment using chro-
mate, organic rust proofing using an organic agent such as
benzotriazole or imidazole, and so on. In this embodiment,
in the case where the “copper foil” is mentioned simply
below, the rust-proofed copper foil is also included.

(Adhesive Layer)

The adhesive layer used here is provided on one surface
of the copper foil and is made of a resin composition
containing, as its main component, modified polyphenylene
ether resulting from modification of a hydroxyl group pres-
ent at the end of the main chain with an ethylenically
unsaturated compound.

The modified polyphenylene ether used here is a com-
pound resulting from modification of a hydroxyl group
present at the end of the main chain of polyphenylene ether
with an ethylenically unsaturated compound, and reduces a
dielectric constant and a dielectric loss tangent in a cured
product of the resin composition.

As this resin composition, more specifically, a resin
composition containing (A) modified polyphenylene ether
resulting from modification of a hydroxyl group present at
the end of the main chain with an ethylenically unsaturated
compound, (B) cyanurate compound containing at least one
type of triallyl isocyanurate and triallyl cyanurate, and (C)
organic peroxide is preferred. There will be concretely
explained respective components below.

The modified polyphenylene ether (A) used in this
embodiment preferably contains polyphenylene ether repre-
sented by the following general formula (I), for example.
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[Chemical formula 1]

Rg
R7)Y ‘ ?
Rs

where in the general formula (I), R, to R, are independently
a hydrogen atom, a straight-chain or branched-chain alkyl
group having a carbon number of 1 to 8, a straight-chain or
branched-chain alkenyl group having a carbon number of 2
to 8, a straight-chain or branched-chain alkynyl group hav-
ing a carbon number of 2 to 8, or an aryl group having a
carbon number of 6 to 10, Y is an oxygen atom, a methylene
group, or a dimethylmethylene group, Z is a carbonyl group,
a thiocarbonyl group, a methylene group, an ethylene group,
a trimethylene group, or a tetramethylene group, n is an
integer of 1 to 100, m is an integer of 1 to 100, and n+m is
an integer of 2 to 200.

Incidentally, an organic group containing carbon atoms of
R, to R, in the above-described general formula (I) may
further have a substituent, and examples of this substituent
include a carboxyl group, an aldehyde group, a hydroxyl
group, an amino group, and so on.

R, to R, are preferred to be a hydrogen atom, a methyl
group, an ethyl group, or a phenyl group independently.
Here, the phenyl group may further have a substituent. This
substituent is the same as the above-described substituent.

The content of the modified polyphenylene ether (A) is
preferred to be 29.9 to 90 mass % when the total content of
the modified polyphenylene ether (A), the cyanurate com-
pound (B), and the organic peroxide (C) is set to 100 mass
%. The content is made to fall within this range, thereby
making it possible to reduce the dielectric constant and the
dielectric loss tangent of a cured product obtained by using
this resin composition. Further, the content of the modified
polyphenylene ether (A) is more preferred to be 40 to 75
mass %.

The cyanurate compound (B) used in this embodiment
contains at least one type selected from triallyl isocyanurate
and triallyl cyanurate, and functions as a crosslinking agent
to crosslink the modified polyphenylene ether (A). The
cyanurate compound (B) may use each of triallyl isocyanu-
rate and triallyl cyanurate independently, or may use them in
combination. Using at least one type of compound selected
from triallyl isocyanurate and triallyl cyanurate makes it
possible to obtain a cured product having excellent dielectric
property and heat resistance. It is preferred to use triallyl
isocyanurate out of them.

As this cyanurate compound (B), a commercial product
can be used. As a commercial product of triallyl isocyanu-
rate, for example, TAICROS (produced by Evonik Degussa
Co., Ltd., product name; the content of diallyl isocyanurate:
100 to 400 ppm), and so on are cited. Further, from the
viewpoint of suppressing the decrease in heat resistance, the
diallyl isocyanurate contained in the triallyl isocyanurate as
an impurity is preferred to be 500 ppm or less. This is true
of the triallyl cyanurate.

The content of the cyanurate compound (B) is preferred to
be 9.9 to 70 mass % when the total content of the modified
polyphenylene ether (A), the cyanurate compound (B), and
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the organic peroxide (C) is set to 100 mass %. The content
is made to fall within this range, thereby making it possible
to obtain a cured product having high heat resistance.
Further, the content of the cyanurate (B) compound is more
preferred to be 20 to 50 mass %.

The organic peroxide (C) used in this embodiment is a
compound working as a radical initiator. The organic per-
oxide (C) is a compound that generates a radical under a
mild condition and promotes a polymerization reaction for
polymerizing the modified polyphenylene ether (A) and the
cyanurate compound (B) through a radical reaction and
obtaining a polymer (crosslinked product) of them.

The organic peroxide (C) only needs to be organic per-
oxide functioning as a well-known radical initiator, and is
not limited in particular. Examples of such organic peroxide
include di-t-butyl peroxide, 2,5-dimethyl-2,5-di(t-butyl per-
oxide)hexane, 2,5-dimethyl-2,5-di(t-butyl peroxide)hexyne-
3, t-butyl cumyl peroxide, a,a'-di-(t-butylperoxy)diisopro-
pylbenzene, t-butylperoxybenzoate, and so on.

As the organic peroxide (C), a commercial product can be
used. Examples of such a product include “PERBUTYL D,”
“PERHEXA 25B,” “PERHEXYNE 25B,” “PERBUTYL
C,”“PERBUTYL P,” and “PERBUTYL Z,” (which are each
produced by NOF CORPORATION), and so on.

Incidentally, the organic peroxide (C) preferably has a
structure not having a benzene ring. Not having the benzene
ring makes it possible to reduce the dielectric loss tangent
more efficiently.

The content of the organic peroxide (C) is preferred to be
0.1 to 7 mass % when the total content of the modified
polyphenylene ether (A), the cyanurate compound (B), and
the organic peroxide (C) is set to 100 mass %. The content
is made to fall within this range, thereby making it possible
to obtain a cured product having high heat resistance.
Further, the content of the organic peroxide (C) is more
preferred to be 0.5 to 5 mass %.

As the resin composition in this embodiment, the above-
described components of (A) to (C) are preferred to be
combined, but it is further preferred to contain a butadien-
e.styrene copolymer (D) to be explained next.

The butadiene.styrene copolymer (D) used in this
embodiment is a copolymer obtained by polymerizing buta-
diene and styrene, and is a component that reacts with the
(A) modified polyphenylene ether and the cyanurate com-
pound (B) to form a polymer (crosslinked product). Con-
cretely, a double bond present in the butadiene.styrene
copolymer (D) and double bonds present in the (A) modified
polyphenylene ether and the cyanurate compound (B) react
and polymerize.

The butadiene.styrene copolymer (D) is preferred to be
one obtained by polymerizing butadiene and styrene at a
mass ratio (butadiene/styrene) of 50/50 to 90/10. When the
mass ratio is 50/50 to 90/10, it is possible to increase the
adhesiveness to the copper foil. Incidentally, this mass ratio
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is more preferably 50/50 to 80/20 and further preferably
50/50 to 70/30 from the viewpoint of the dielectric loss
tangent or the like.

The weight-average molecular weight and the number
average molecular weight of the butadiene.styrene copoly-
mer (D) are not limited in particular, and an oligomer having
a relatively low polymerization degree (a small molecular
weight) can also be used. Incidentally, as the butadiene.s-
tyrene copolymer (D), one having a weight-average molecu-
lar weight of about 1,000 to 10,000 can be used normally.

The content of the butadiene.styrene copolymer (D) is
preferred to be 0.5 to 20 mass % when the total content of
the modified polyphenylene ether (A), the cyanurate com-
pound (B), the organic peroxide (C), and the butadiene.sty-
rene copolymer (D) is set to 100 mass %. The content is
made to fall within this range, thereby making it possible to
reduce the dielectric constant and the dielectric loss tangent
of an electronic component and increase the adhesiveness to
the copper foil. The content of the butadiene.styrene copo-
lymer (D) is more preferred to be 3 to 15 mass %.

The resin composition used in this embodiment may
further contain a solvent as necessary within a range not to
depart from the scope of the present invention. Here, the
solvent is used as a solvent for dissolving or dispersing the
respective components of (A) to (D) and examples of the
solvent include toluene, and so on.

This solvent is preferred to be 70 to 140 parts by mass and
more preferred to be 80 to 130 parts by mass when the total
content of the (A) modified polyphenylene ether, the cya-
nurate compound (B), the organic peroxide (C), and the
butadiene.styrene copolymer (D) is set to 100 parts by mass.

The resin composition used in this embodiment can also
further contain a filler, a flame retardant, a stress reducing
agent, and so on as necessary within a range not to depart
from the scope of the present invention.

Examples of the filler include silicas such as pulverized
silica and fused silica, carbon black, titanium oxide, barium
titanate, glass beads, glass hollow balls, and so on, and they
may be used alone or in a combination of two or more types.
As the filler, a commercial product can be used, and
examples of the silica include fused silica treated with
methacrylic silane: SFP-130MHM (produced by Denki
Kagaku Kogyo Kabushiki Kaisha, product name),
FUSELEX E-2, Adma Fine SO-C5, and PLV-3 (each pro-
duced by TATSUMORI LTD., product name), and so on.

The average particle size of the filler is preferred to be 10
pum or less. When it is 10 um or less, it is possible to further
increase the adhesiveness to the copper foil.

When the filler is compounded, its content ratio is pre-
ferred to be 5 to 40 parts by mass when the total content of
the modified polyphenylene ether (A), the cyanurate com-
pound (B), the organic peroxide (C), and the butadiene.sty-
rene copolymer (D) is set to 100 parts by mass. The content
ratio is made to fall within this content range, and thereby
melt flowability of the resin composition improves, the
adhesiveness to the copper foil increases, and connection
reliability of through-hole conductors also increases. The
filler is more preferably 10 parts by mass or more, further
preferably 15 parts by mass or more, and particularly
preferably 20 parts by mass or more. Further, the silica is
more preferably 35 parts by mass or less.

Examples of the flame retardant include melamine phos-
phate, melam polyphosphate, melem polyphosphate,
melamine pyrophosphate, ammonium polyphosphate, red
phosphorus, aromatic phosphate, phosphonate ester, phos-
phinic ester, phosphine oxide, phosphazene, melamine cya-
nurate, and so on. These flame retardants may be used alone
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or in a combination of two or more types. Melamine
pyrophosphate, melamine polyphosphate, melam polyphos-
phate, and ammonium polyphosphate are preferred out of
them from the viewpoints of dielectric property, flame
resistance, heat resistance, adhesiveness, moisture resis-
tance, chemical resistance, reliability, and so on.

When the flame retardant is compounded, its content ratio
is preferred to be 15 to 45 parts by mass when the total
content of the modified polyphenylene ether (A), the cya-
nurate compound (B), the organic peroxide (C), and the
butadiene.styrene copolymer (D) is set to 100 parts by mass.
The content ratio is made to fall within this content range,
thereby making it possible to further improve the flame
resistance and the heat resistance with little or no influence
on the dielectric property, the adhesiveness, and the moisture
resistance of a cured product.

Examples of the stress reducing agent include silicone
resin particles not having a core-shell structure, and so on.
Examples of such silicone resin particles include X-52-875
and X-52-854 (produced by Shin-Etsu Chemical Co., Ltd.,
product name), MSP-1500 (produced by Nikko Rica Cor-
poration, product name), MSP-3000 (produced by Nikko
Rica Corporation, product name), and so on. These stress
reducing agents may be used alone or in a combination of
two or more types.

The average particle size of the stress reducing agent is
preferred to be 10 pm or less. When it is 10 um or less, it is
possible to further increase the adhesiveness to the copper
foil. Incidentally, the average particle size in this description
is a 50% integrated value (50% particle size) found from a
particle size distribution curve obtained by measuring a
volume-based particle size distribution by using a laser
diffractionescattering method.

When the stress reducing agent is compounded, its con-
tent ratio is preferred to be 1 to 10 parts by mass when the
total content of the modified polyphenylene ether (A), the
cyanurate compound (B), the organic peroxide (C), and the
butadiene.styrene copolymer (D) is set to 100 parts by mass.
The content ratio is made to fall within this content range,
thereby making it possible to further increase the adhesive-
ness to the copper foil and the moisture resistance of a cured
product, and also increase the connection reliability of
through-hole conductors.

The resin composition used in this embodiment can
further contain an additive, and so on. Examples of this
additive include an antioxidant, a heat stabilizer, an antistatic
agent, a plasticizer, a pigment, a dye, a coloring agent, and
so on. Concrete examples of the additive include R-42
(produced by Sakai Chemical Industry Co., Ltd.),
IRGANOX1010 (produced by BASF), and so on. The
additives may be used alone or in a combination of two or
more types.

Further, the resin composition used in this embodiment
can further contain at least one type of other thermoplastic
resins and thermosetting resins. Examples of the thermo-
plastic resin include GPPS (general purpose polystyrene),
HIPS (high impact polystyrene), and so on. Examples of the
thermosetting resin include an epoxy resin, and so on. These
resins may be used alone or in a combination of two or more
types.

The resin composition used in this embodiment is
obtained by mixing the components of (A) to (C), which are
essential components, and the other components to be added
as necessary, for example. As a mixing method, there are
cited a solution mixing method of uniformly dissolving or
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dispersing all the components in a solvent, a melt-blending
method that is carried out using an extruder or the like while
heating, and so on.

[Manufacturing Method of the Adhesive-Attached Cop-
per Foil]

The adhesive-attached copper foil 1 in this embodiment
can be manufactured by applying the above-described resin
composition to the bonding surface (roughened surface) of
the above-described copper foil 2 and then drying the resin
composition to form the adhesive layer 3. On this occasion,
the resin composition can be used by being dissolved or
dispersed in the above-described solvent as necessary.

As an application method used here, a well-known appli-
cation method can be used without being limited in particu-
lar as long as it is capable of applying a dissolution liquid or
dispersion liquid of the above-described resin composition
to the bonding surface of the copper foil. As this application
method, for example, application methods using a spray, a
brush, a bar coater, and the like are cited.

[Copper-Clad Laminate]

As illustrated in FIG. 2, a copper-clad laminate 10 being
one embodiment of the present invention is formed by
providing each copper foil 2 on both surfaces of a prepreg
11.

(Copper Foil)

As the copper foil 2 used here, the same one as the copper
foil explained in the above-described adhesive-attached cop-
per foil can be used. That is, it is the copper foil having the
roughened surface and the silane coupling agent layer made
by treating this roughened surface by a silane coupling
agent. The copper foils 2 are each laminated on the prepreg
11 with each roughened surface facing the prepreg 11 side to
form the copper-clad laminate.

(Prepreg)

The prepreg 11 in this embodiment is obtained by impreg-
nating a fiber base with a resin composition containing, as its
main component, modified polyphenylene ether resulting
from modification of a hydroxyl group present at the end of
the main chain with an ethylenically unsaturated compound.

As the resin composition here, the same one as the resin
composition explained in the above-described adhesive-
attached copper foil can be used.

Further, as the fiber base, a well-known base (for example,
a glass cloth) can be used without being limited in particular
as long as it is used for the prepreg normally, and examples
of the glass cloth include ones made of materials such as D
glass, S glass, and quartz glass, in addition to ordinary E
glass.

The ratio of the base to the prepreg is preferably 20 to 80
mass % relative to the entire prepreg. When the ratio of the
base is as above, dimensional stability and strength after the
prepreg is cured are more likely to be exhibited, and further,
a more excellent dielectric property is also obtained. For the
prepreg according to this embodiment, a coupling agent
such as a silane-based coupling agent or a titanate-based
coupling agent can be used as necessary.

(Manufacturing Method of the Prepreg)

This prepreg can be manufactured by impregnating the
base with the resin composition or applying the resin com-
position to the base in accordance with an ordinary method
and then semi-curing the resin by drying.

The method of manufacturing the prepreg according to
this embodiment is not limited in particular, and for
example, a method is cited in which the resin composition
according to this embodiment is uniformly dissolved or
dispersed in a solvent (for example, an aromatic solvent, a
ketone-based solvent such as acetone, or the like) as neces-
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sary and the solvent is applied to the base or the base is
impregnated with the solvent to then be dried. Alternatively,
the resin composition may be melted and the base may be
impregnated with the melted resin composition.

The application method and the impregnating method are
not particularly limited, and for example, a method of
applying a dissolution liquid or dispersion liquid of the resin
composition using a spray, a brush, a bar coater, or the like,
a method of dipping the base in a dissolution liquid or
dispersion liquid of the resin composition (dipping), and so
on are cited. It is possible to repeat the application or the
impregnation a plurality of times as necessary. Alternatively,
it is also possible to repeat the application or the impreg-
nation by using a plurality of dissolution liquids or disper-
sion liquids with different resin concentrations.

(Manufacturing Method of the Copper-Clad Laminate)

The copper-clad laminate 10 in this embodiment can be
manufactured by overlaying each of the above-described
copper foils 2 treated by the silane coupling agent on the
above-described prepreg 11 to be formed while applying
heat and pressure. This copper-clad laminate can be obtained
by overlaying a plurality of the prepregs and a plurality of
the copper foils with one another according to a desired
thickness to be formed while applying heat and pressure, for
example. Further, a thicker laminate can also be obtained by
combining the obtained copper-clad laminate with a differ-
ent prepreg.

[Wiring Substrate]

Next, the wiring substrate in this embodiment will be
explained.

The wiring substrate in this embodiment includes insu-
lating layers and conductor layers arranged on both surfaces
of the insulating layer or between the insulating layers, and
the insulating layers are formed by containing the above-
described resin composition. That is, the copper foil of the
copper-clad laminate in the above-described embodiment is
processed into a wiring pattern and a wiring substrate
formed by including the copper-clad laminate having the
wiring pattern can be exemplified.

Such a wiring substrate can be manufactured as follows,
for example.

First, on the above-described copper-clad laminate, cir-
cuits and through-hole conductors are formed to manufac-
ture an inner layer board. Thereafter, the prepreg and a
conductive metal foil such as the copper foil (including the
adhesive-attached copper foil) are laminated on the surfaces
of this inner layer board to be formed while applying heat
and pressure, and an obtained product is processed into a
multilayer board and the wiring substrate is obtained.
Another adhesive-attached copper foil can be further lami-
nated and combined on this multilayer board, to thereby
obtain a high multilayer board that is more highly multilay-
ered.

FIG. 3 illustrates, as one example of a multilayer board in
this embodiment, a cross-sectional view of a schematic
formation of a multilayer board 20 in which the adhesive-
attached copper foils 1 are each laminated on both surfaces
of an inner layer board 21 on which circuits are formed.

In the forming while applying heat and pressure, forming
and curing are performed simultaneously by using a heat
press machine, for example. The forming while applying
heat and pressure is preferably performed at 80 to 300° C.
for one minute to 10 hours under a pressure of 0.1 to 50 MPa
and more preferably performed at 150 to 250° C. for 60
minutes to five hours under a pressure of 0.5 to 6 MPa.
Incidentally, the forming and the curing may be performed
separately. For example, a laminate in a semi-cured state
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may be formed to then be cured completely by a treatment
with a heat treatment machine.

By such a method, it is possible to obtain the wiring
substrate in which conductor layers are arranged between a
plurality of insulating layers. Further, a multilayer printed
wiring substrate may be made by forming circuits and
through holes on the conductive metal foils provided on the
surfaces of this wiring substrate.

EXAMPLES

Next, this embodiment will be explained concretely with
reference to examples. Incidentally, this embodiment is not
limited to these examples. First, raw materials of the resin
composition and materials for manufacturing the copper
foil, which were used in this example and comparative
examples, are described below.

<Resin Composition>

[Component (A)]

(Al): Methacryl-modified polyphenylene ether (produced
by SABIC, product name: SA9000; number average
molecular weight Mn 2,000 to 3,000, in the general formula
(D, R;, R,, and R, represent a methyl group, R, R,, R, and
R, represent a hydrogen atom, Y represents a dimethylm-
ethylene group, and Z represents a carbonyl group)

(A2): Methacryl-modified polyphenylene ether (produced
by SABIC, product name: SA6000; number average
molecular weight Mn 3,000 to 5,000, in the general formula
(D, Rs, R,, and Ry represent a methyl group, R,, R,, Ry, and
R, represent a hydrogen atom, Y represents a dimethylm-
ethylene group, and Z represents a carbonyl group)

(A3): Polyphenylene ether (produced by SABIC, product
name: SA90; number average molecular weight Mn 2,000 to
3,000)

[Component (B)]

(B1): Triallyl isocyanurate: TAICROS (produced by
Evonik Degussa Co., Ltd., product name; content of diallyl
isocyanurate 300 ppm)

[Component (C)]

(C1): a,0'-di-(t-butylperoxy)diisopropylbenzene: PER-
BUTYL P

[Component (D)]

(D1): Butadiene.styrene copolymer (produced by CRAY
VALLEY, product name: RICON184; mass ratio (butadiene/
styrene)=72/28)

[Others]

Silica: SFP-130MC (produced by Denki Kagaku Kogyo
Kabushiki Kaisha, product name; average particle size 0.5
pm)

<Copper Foil>

[Copper Foil]

(Copper foil 1): FVO-WS (produced by Furukawa Elec-
tric Co., Ltd., product name; thickness 18 um, surface
roughness Rz (roughened surface) 1.1 um)

(Copper foil 2): FZO-WS (produced by Furukawa Elec-
tric Co., Ltd., product name; thickness 18 um, surface
roughness Rz (roughened surface) 0.8 um)

[Silane Coupling Agent]

(Methacrylic): 3-methacryloxypropylmethyldimethoxysi-
lane

(Acrylic): 3-acryloxypropyltrimethoxysilane

(Isocyanurate): tris-(trimethoxysilyl propyl)isocyanurate

(Epoxy): 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane

(Amine): N-phenyl-3-aminopropyltrimethoxysilane

(Vinyl): vinyltrimethoxysilane

Examples 1 to 10, Comparative Examples 1 to 6

As illustrated in Tables 1 to 2, a predetermined silane
coupling agent was dissolved in a water to obtain an aqueous
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solution of 2.0 g/L.. This aqueous solution was uniformly
applied to a roughened surface of a chromate-treated elec-
trolytic copper foil having a thickness of 18 um (the copper
foil 1 or copper foil 2) by a dipping method. Thereafter, the
chromate-treated electrolytic copper foil was dried for four
minutes at 100° C. to obtain a silane-coupling-treated copper
foil.

Then, raw materials were mixed to have proportions
illustrated in Tables 1 to 2 and a mixture was stirred at room
temperature (25° C.) to obtain a resin composition. Then, the
obtained resin composition was dissolved in a toluene to
obtain a varnish. This varnish was applied to a roughened
surface of the silane-coupling-treated copper foil. Thereaf-
ter, the varnish-applied copper foil was dried for four
minutes at 100° C. to obtain an adhesive-attached copper foil
having a resin layer (adhesive layer) having a thickness of 3
pm.

This adhesive-attached copper foil was overlaid on an
upper surface and a lower surface of a prepreg (produced by
KYOCERA Corporation, product name: TLP-596MN,
thickness 100 pm). Thereafter, the prepreg with the adhe-
sive-attached copper foils overlaid thereon was heated for
100 minutes at 195° C. under a pressure of 3 MPa to cure the
resins in the adhesive-attached copper foils and the prepreg,
and thereby a copper-clad laminate having a thickness of
0.14 mm was obtained.

Examples 11 to 14, Comparative Examples 7 to 9

As illustrated in Table 3, a predetermined silane coupling
agent was dissolved in a water to obtain an aqueous solution
of 2.0 g/L.. This aqueous solution was uniformly applied to
a roughened surface of a chromate-treated electrolytic cop-
per foil having a thickness of 18 um (the copper foil 1) by
a dipping method. Thereafter, the chromate-treated electro-
Iytic copper foil was dried for four minutes at 100° C. to
obtain a silane-coupling-treated copper foil.

Then, raw materials were mixed to have proportions
illustrated in Table 3 and a mixture was stirred at room
temperature (25° C.) to obtain a resin composition. Then, the
obtained resin composition was dissolved in a toluene to
obtain a varnish. A glass cloth having a thickness of 100 um
(produced by Asahi Kasei Corp., product name: #2116) was
immersed in this varnish and the glass cloth was impreg-
nated with the varnish. Thereafter, the glass cloth impreg-
nated with the varnish was dried for seven minutes at 130°
C. to obtain a prepreg having a thickness of 10 um. Inci-
dentally, the ratio of the base to the prepreg is 60 mass %.

Eight pieces of the prepregs were overlaid on one another
to manufacture a laminate. Further, the silane-coupling-
treated copper foil obtained above was laminated on both
surfaces of this laminate. Thereafter, the laminate with the
silane-coupling-treated copper foils laminated thereon was
heated for 75 minutes at 195° C. under a pressure of 4 MPa
to cure the resins in the prepregs, and thereby a copper-clad
laminate having a thickness of 0.8 mm was obtained.

Test Example

Then, the following evaluations were performed on the
copper-clad laminates obtained in Examples 1 to 14 and
Comparative examples 1 to 9 and wiring substrates using
these copper-clad laminates. Results are illustrated in Tables
1 to 3 collectively.
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(Peel Strength)

The peel strength (kN/m) of the copper-clad laminate was
measured by performing a 90-degree peel test of the copper
foil.

(Heat Resistance)

The copper-clad laminate was immersed in a solder at
288° C., 300° C., or 320° C. for five minutes to observe
swollenness of the copper foils. Three pieces of the copper-
clad laminates were observed and evaluated based on the
following criteria.

“Excellent”: swollenness did not occur on all the three at
320° C.

“Good”: swollenness did not occur on all the three at 300°
C.

“Poor”: swollenness occurred on even one of them at 300°
C.

(Reflow Resistance)

In the obtained copper-clad laminate, through holes were
formed, and then circuits (wiring layers) and through-hole
conductors were formed to obtain an inner layer board. This
inner layer board and a prepreg (produced by KYOCERA
Corporation, product name: TLP-596MN, 100 pm) were
overlaid on each other to be heated at 190° C. at a pressure
of 4 MPa, and thereby a 3.0 mm-wiring substrate was
obtained. Regarding the reflow resistance, a test was per-
formed by a pretreatment: 85° C./85%/168 h, under a reflow
condition: Pb free reflow (260° C.) and the occurrence of
delamination was confirmed by a scanning electron micro-
scope.

10
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inner layer board and a prepreg (produced by KYOCERA
Corporation, product name: TLP-596MN, 100 pm) were
overlaid on each other to be heated at 190° C. at a pressure
of 4 MPa, and thereby a 3.0 mm-wiring substrate was
obtained. An insulation property between the through holes
was evaluated based on the following criteria by performing
a test by a pretreatment: 10 cycles of Pb free reflow, under
a condition: 65° C./85%/50 VDC and confirming insulation
resistance.

“Excellent™: 10°Q or more of insulation resistance was
maintained after 2000 h

“Good”: 10®Q or more of insulation resistance was main-
tained after 1000 h

“Poor’: insulation resistance was 10°Q or less partly.

(Connection Reliability)

In the obtained copper-clad laminate, through holes were
formed, and then circuits (wiring layers) and through-hole
conductors were formed to obtain an inner layer board. This
inner layer board and a prepreg (produced by KYOCERA
Corporation, product name: TLP-596MN, 100 pm) were
overlaid on each other to be heated at 190° C. at a pressure
of 4 MPa, and thereby a 3.0 mm-wiring substrate was
obtained.

Connectivity between the through-hole conductor and the
wiring substrate was evaluated based on the following
criteria by performing a test by a pretreatment: 10 cycles of
Pb free reflow, under a condition: repetition of temperature
cycles of —=65° C.x30 minutes and 125° C.x30 minutes and
confirming a cross section of the wiring substrate by a
scanning electron microscope, and results are illustrated in

“Excellent™ no occurrence of delamination after 20 reflows ~° the tables collectively.
“Good”™: no occurrence of delamination after 10 reflows “Excellent”: the through-hole conductor and the wiring
“Poor”: partial delamination occurred substrate are connected after 2000 cycles
(Insulation Reliability) “Good”: the through-hole conductor and the wiring substrate
In the obtained copper-clad laminate, through holes were 55 are connected after 1000 cycles
formed, and then circuits (wiring layers) and through-hole “Poor”: a part of the through-hole conductor and the wiring
conductors were formed to obtain an inner layer board. This substrate are not connected
TABLE 1
Example
1 2 3 4 5 6 7 8 9 10
Resin (A) (Al 50 50 50 50 50 — 50 50 — 50
composition (A2) — — — — — 50 — — 50 —
(part by A3 — — — — — — — — — —
mass) (B) (Bl) 35 35 35 35 35 35 35 35 35 35
(C) (Cl) 5 5 5 5 5 5 5 5 5 5
(D) (D1) 10 10 10 10 10 10 10 10 10 10
(Others) 30 30 30 30 30 30 30 30 30 30
Treated Copper foil Copper foil 1 Copper Copper Copper
copper foil foil 2 foil 1 foil 2
Surface 1.1 pm 0.8 pm 1.1 pm 0.8 pm
roughness
Rz
Silane Methacrylic Acrylic Isocyanurate
coupling
agent
Properties Peel 0.7 0.7 0.7 0.7 0.9 0.9 0.7 0.9 0.9 0.7
strength
Heat Excell- Good Excell- Good Excell- Excell- Excell- Excell- Excell- Excell-
resistance ent ent ent ent ent ent ent ent
Reflow  Excell- Excell- Excell- Excell- Excell- Good Good  Excell-  Good Good
resistance ent ent ent ent ent ent
Insulation Excell- Excell- Excell- Excell- Excell- Good Good  Excell-  Good Good
reliability ent ent ent ent ent ent
Connection Excell- Excell- Excell- Excell- Excell- Good Good  Excell-  Good Good

reliability ent ent

ent

ent ent ent
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TABLE 2
Comparative example
1 2 3 4 5 6
Resin (A) (Al) 50 — 50 50 —
composition (A2) — — — — —
(part (A3) — 50 — 50 — 50
by mass) (B) B1) 35 35 35 35 35 35
©) CcnH 5 5 5 5 5 5
(D) (D1) 10 10 10 10 10 10
(Others) 30 30 30 30 30 30
Treated Copper foil Copper
copper foil 1
foil Surface roughness 1.1 pm
Rz
Silane coupling Epoxy Amine Vinyl
agent
Properties Peel strength 0.2 0.9 0.2 0.9 0.7 0.9
Heat resistance Poor Excellent Good Good Poor Good
Reflow resistance Poor Good Good Good Poor Good
Insulation Poor Good Poor Good Good Good
reliability
Connection Poor Good Good Good Poor Good
reliability
TABLE 3
Example Comparative example
11 12 13 14 7 8 9
Resin (A) (A1) 50 50 50 50 50 50 50
composition (A2) — — — — — — —
(part (A3) — — — — — — —
by mass) (B) (B1) 35 35 35 35 35 35 35
©) (CH 5 5 5 5 5 5 5
(D) (D1) 10 10 10 10 10 10 10
(Others) 30 30 30 30 30 30 30
Treated Type Copper foil 1
copper Surface roughness 1.1 pm
foil Rz
Silane coupling Methacrylic Acrylic  Isocyanurate Epoxy Amine  Vinyl
agent
Properties Peel strength 0.7 0.7 0.9 0.9 0.2 0.2 0.7
Heat resistance Excellent Good Excellent Excellent Poor Good Poor
Reflow resistance  Excellent Excellent Excellent Excellent Poor Good Poor
Insulation Excellent Excellent Excellent Excellent Poor Poor Good
reliability
Connection Excellent Excellent Excellent Excellent Poor Good Poor
reliability

As is clear from Tables 1 to 3, it is possible to increase,
of the copper-clad laminate that uses the adhesive-attached
copper foils with the resin composition containing specific
polyphenylene ether, a cyanurate compound, organic perox-
ide, and a butadiene.styrene copolymer provided on a rough-
ened surface of the copper foil having a roughened surface
surface-treated by one of methacrylic silane, acrylic silane,
and isocyanurate silane, a peel strength and heat resistance.
Further, when a circuit substrate is formed using this copper-
clad laminate, it is possible to improve reflow resistance,
insulation reliability, and connection reliability of the circuit
substrate.

What is claimed is:

1. An adhesive-attached copper foil comprising:

a copper foil having a roughened surface on one surface
of the copper foil, the roughened surface having a
silane coupling agent layer surface-treated by meth-
acrylic silane, acrylic silane or isocyanurate silane; and

50

an adhesive layer formed on the roughened surface and
made of a resin composition containing, as a main
component thereof, modified polyphenylene ether
resulting from modification of a hydroxyl group present
at the end of the main chain with an ethylenically
unsaturated compound.

2. The adhesive-attached copper foil according to claim 1,

55 Wherein

60
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the resin composition contains:

(A) modified polyphenylene ether resulting from modifi-
cation of a hydroxyl group present at the end of the
main chain with an ethylenically unsaturated com-
pound;

(B) a cyanurate compound containing at least one type of
triallyl isocyanurate and triallyl cyanurate; and

(C) organic peroxide,
the modified polyphenylene ether (A) contains polyphe-

nylene ether represented by the following general for-
mula (I)
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[Chemical formula 1]

Ry

where in the formula, R, to R, are independently a hydrogen
atom, a straight-chain or branched-chain alkyl group having
a carbon number of 1 to 8, a straight-chain or branched-
chain alkenyl group having a carbon number of 2 to 8, a
straight-chain or branched-chain alkynyl group having a
carbon number of 2 to 8, or an aryl group having a carbon
number of 6 to 10, Y is an oxygen atom, a methylene group,
or a dimethylmethylene group, Z is a carbonyl group, a
thiocarbonyl group, a methylene group, an ethylene group,
a trimethylene group, or a tetramethylene group, n is an
integer of 1 to 100, m is an integer of 1 to 100, and n+m is
an integer of 2 to 200, and

[Chemical formula 1]

Ry

Rs

a content ratio of the organic peroxide (C) is 0.5 to 20
mass % when the total content of the modified poly-
phenylene ether (A), the cyanurate compound (B), and
the organic peroxide (C) is set to 100 mass %.

3. The adhesive-attached copper foil according to claim 2,

wherein

the resin composition further contains a butadiene.styrene
copolymer (D).

4. The adhesive-attached copper foil according to claim 1,

wherein

a thickness of the copper foil is 5 to 70 pm, and

surface roughness Rz of the roughened surface is 2 to 20%
of the thickness.

5. The adhesive-attached copper foil according to claim 4,

wherein

the surface roughness Rz is 0.1 to 2.0 um.

6. A copper-clad laminate comprising: a copper foil
having a roughened surface on one surface of the copper
foil, the roughened surface having a silane coupling agent
layer surface-treated by methacrylic silane, acrylic silane, or
isocyanurate silane; and a prepreg laminated on the rough-
ened surface and made by impregnating a glass cloth with a
resin composition containing, as a main component thereof,
modified polyphenylene ether resulting from modification of
a hydroxyl group present at the end of the main chain with
an ethylenically unsaturated compound.

18
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Ry

Rs

7. The copper-clad laminate according to claim 6, wherein

15 the resin composition contains:

(A) modified polyphenylene ether resulting from modifi-
cation of a hydroxyl group present at the end of the
main chain with an ethylenically unsaturated com-
pound;

20 (B) a cyanurate compound containing at least one type of

triallyl isocyanurate and triallyl cyanurate; and
(C) organic peroxide,

the modified polyphenylene ether (A) contains polyphe-
nylene ether represented by the following general for-
mula (I)

@

40 where in the formula, R, to R, are independently a hydrogen
atom, a straight-chain or branched-chain alkyl group having
a carbon number of 1 to 8, a straight-chain or branched-
chain alkenyl group having a carbon number of 2 to 8, a
straight-chain or branched-chain alkynyl group having a
carbon number of 2 to 8, or an aryl group having a carbon
number of 6 to 10, Y is an oxygen atom, a methylene group,
or a dimethylmethylene group, Z is a carbonyl group, a
thiocarbonyl group, a methylene group, an ethylene group,
a trimethylene group, or a tetramethylene group, n is an
integer of 1 to 100, m is an integer of 1 to 100, and n+m is
an integer of 2 to 200, and

a content ratio of the organic peroxide (C) is 0.5 to 20
mass % when the total content of the modified poly-
phenylene ether (A), the cyanurate compound (B), and
the organic peroxide (C) is set to 100 mass %.

8. A wiring substrate comprising the copper-clad laminate
according to claim 6, the copper foil processed into a wiring
pattern.

9. A copper-clad laminate comprising:

a copper foil having a roughened surface on one surface
of the copper foil, the roughened surface having a
silane coupling agent layer surface-treated by meth-
acrylic silane, acrylic silane, or isocyanurate silane;

an adhesive layer formed on the roughened surface and
made of a resin composition containing, as a main
component thereof, modified polyphenylene ether
resulting from modification of a hydroxyl group present
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at the end of the main chain with an ethylenically
unsaturated compound; and

a prepreg laminated on the adhesive layer and made by
impregnating a glass cloth with a resin composition
containing, as a main component thereof, modified 5
polyphenylene ether resulting from modification of a
hydroxyl group present at the end of the main chain
with an ethylenically unsaturated compound.

koK ok ok %
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