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[NAME OF DOCUMENT] Specification
[TITLE CF THE INVENTION]

Curable Resin Composition
[TECHNICAL FLELD]

[0001]

The present invention relates to a polyphenylene
ether~containing curable resin compozition suitable as an
electronic substrate material. Furthermore, the present
inventicn relates to a prepreg for a printed wiring
board, containing the curable resin composition and a
base material, and a printed wiring board containing a
cured product of the curable resin composition and a bhase
material.

[ BACRGROUND ART ]
[0002]

Recent enhancement in bonding and mounting
technigues is associated with high-density packaging of a
semiconductoer device mounted in electronic egquipment as
well as elaboration of a package and high-density wiring
of a printed wiring board, and electronics are
continuously progressing. In a printed wiring board
constituting such electronic eqguipment, both
multilayvering and fine wiring are proceeding. For
reallzing speeding-up of signal transmission speed
required so as to increase the information processing
speed, 1t is effective to decrease the dielectric
constant of the material used. A polyphenylene ether is
excellent in high-frequency characteristics (i.e.,
dielectric characteristics) such as dielectric constant
and dielectric less tangent, and therefore ig suitable as
a material for a printed wiring board of electronic
equipment utilizing a high frequency band.

[0003]

As a technique for enhancing heat resistance and
dimensional stability of a polyphenylene ether that is a
thermoplastic resin, Patent Document 1 describes a resin

composition containing a polyphenylene ether and a
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triallyl isocyanurate (TAIC). As a technique for
enhancing chemical resistance, Patent Document 2
describes a resin composition containing a maleated
polyphenylene ether providing a reaction product of a
polyphenylene ether and maleic anhydride, and TATIC.
However, in the resin composition described in Patent
Docuwent 1 or 2, the melting point of the resin itself is
high to make the viscosity during melting too high at an
ordinary press-melding temperature, and the resin
composltion cannct be easily filled to form an inner-
layer conductor pattern layer of a multilayer printed
wiring board. ‘Thus, there is a problem that
multilavering of
[0004]

For the purpoese of improving such a problem in
purp F :

a wiring board is difficult.

moldability, Patent Document 3 describes a polyphenylene
ether resin composition using a polyphenylene ether with
a low molecular weight and thereby ensuring that the
molten resin has good fluidity and the moldability at an
ordinary press-molding temperature is excellent to enable
multilayering. However, decreasing the molecular weight
of a polyphenylene ether incurs a problem Lhat the heat
resistance ol the obtained laminate sheel decreases and a
problem that due to increase in the number of terminal
hydroxyl groups of the polyphenylene ether, Lthe
dielectric loss tangent becomes large. Accordingly, this
technigue is also not sufficient to be used for a printed
wiring board.

[0005]

For the purpose of improving these problems posed by
the decrease in the molecular weight of a polyphenylene
ether, Patenlt Documents 4 and 5 describe use of a low-
molecular-weight ‘terminal-sealed polyphenviene elher
where the terminal hydroxyl group of a low-molecular-
welght polyphenylene ether is sealed with a reactive
functional group. 1t is believed that by using this

polyphenylene ether, a cured product prevented from
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reduction in the heat resistance or reduction in the
dielectric constant and dielectric loss tangent while
maintaining good moldability at the press-molding is
obtained. Murthermore, Paltent Document 4 also describes
a method of using the low-molecular-weight -terminal-
sealed polyphenylene by mixing it with a normal
polyphenylene ether. In Reference Example 7 of Patent
Document 4, a polyphenylene ether having a number average
molecular weight of 14,000 and a terminal-
elthenylbenzylated polyphenylene ether having a number
average molecular welight of 2,500 are used in a mixing
ratio of 5:70, and in Reference Example 8, a
polyphenylene ether having a number average molecular
weight of 14,000 and a terminal-ethenylbenzylated
polyphenyliene ether having a number average molecular
weight of 2,500 are used in a mixing ratio of 50:60.
[C006]

The method of using a polyphenylene ether having a
normal molecular weight by mixing it with a polyphenylene
ether reduced in the molecular welght is also described,
for example, in Patent Documents & and 7. Patent
Pocument 6 describes a technique where for the purpose of
enhancing the heat resistance of a low-molecular-
welght -terminal-functionalized polyphenylene ether, from
0.1 teo 9.1% of a nermal polyphenylene ether is blended to
the low-molecular-weight -terminal-functionalized
polyphenylene ether.

[0007]

Patent Document 7 describes a resin composition
where a polyphenylene ether having a normal molecular
welght and being functicnalized with an acyl group or an
electrophilic group (intrinsic viscosity: 0.35 dl/g or
more)} and a non-functionalized polyphenylene ether
reduced 1in the molecular weight (intrinsic viscosity:
approximately from 0.15 to 0.35 dl/g) are mixed in a
ratic of 40 to 5% : 60 to 45,

[RELATED ART)
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[Patent Document )
[0008]

[Fatent Document 1] Kokai {Japaness Unexamined
Patent Publicaticn) No. 8-231847

[Patent Document 2] Kokoku {Japanese BExamined Patent
Publication) No. 7-37567

[Patent Document 3] Kokal No. 2002-26577

[Patent Document 4] Kokail No. 2008-260942

[Patent bhocoument 5] Kohvo (Naltional Publication of
Transiated Version) No. 2003-5156472

[Patent Document €] Kokail Ne. 2005-290124

[Patent Document 7] U.S5. Patent No. 5258455
[SUMMARY OF THE INVENTION]

[Problems to be Solved by the Invention]
[C009]

However, the low-molecular-weight terminal-
functionalized pelyphenylene ethers described in Patent
Documents 4 and 5 have a problem presumed to be
attributable te sealing of the terminal hydroxyl group.
That ig, these polyphenylene ethers have poor
adhesiveness to a base material such as glass cloth, a
copper foll and the like and in the case of a laminate
sheet, and therefore the peel strength between lavers or
the peel strength between the polyphenvliene ether and a
copper foil or the like is low or the water absorption
resistance and solder heat resistance are insufficient.
In the laminate sheets described in Reference Examples 7
and 8 of Patent Document 4, the characteristics such as
Tg, dielectric constant, dielectric loss tangent,
moisture abscrptivity and sclder heat resistance are
equal Lo those of a terminal-ethenylbenzylated
polyphenylene ether alone and no enhancement of the
characteristics is brought about by using a mixture of a
low-molecular-weight ‘terminal~ethenylbenzylated
polyphenylene ether and a normal polyphenvlene ether.
[0010]

Patent Document 6 only describes that by blending a
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pelyphenylene ether having a normal molecular weight, the
heat distortion temperature (HDT) of the cured resin
sheet 1s increased from aboult 100°C to about 110°C, but ne
description is found about the characteristics
(particularly, moldability, peel strength, water
absorptlion resistance, solder heat resistance and the
like) of a composite of a resin cured product and a base
material, which are required of a printed wiring board to
which the present invention is applied.

[6011]

Patent Document 7 only describes that the impact
strength and the like of an extrusion-molded article are
enhanced, bhut, similarly to Patenlt Document 6, no
description is found about the characteristics
(particularly, moldability, peel strength, water
absorption resistance, solder heat resistance and the
like) of a composite of a resin cured product and a base
matecvial, which are required of a printed wiring board to
which the present invention is applied.

[0012]

In this way, an insulating resin fLor a printed
wiring board, having low dielectric constant and low
dielectric loss tangent, which are inherent in a
polyphenylene ether, and at the same Lime, being
excellent in the moldability at the normal press
temperature, heat resistance and adhesiveness, has not
been found in the conventional technigues. Accordingly,
an insulating resin for a printed wiring board,
satisfying the above-described characteristics while
using a polyphenylene ether as a constituent component,
is strongly demanded.

[0013]

Under these clrcumstances, an objeclt of the present
invention is Lo provide a curable resin composition
capable of providing a cured product having low
dielectric constant and low dielectric loss tangent,

which are inherent in a polyphenvlene ether, and



providing a cured product exhibiting excellent
moldability at a normal press-molding temperature and
having high heat resistance and excellent adhesivenecss
(for example, peel strenglth between layer in a multilayer
5 sheet or peel strength between a cured product of the
curable resin composiltion and a metal foil such as copper
foil); a prepreg for a printed wiring board, containing
the resin composition and a base material; and a printed
wiring beard containing a cured product of the resin
10 compesition and a base material.
[Means to Solve the Problems]
[0014]
The present inventors have made intensive studies
and many experiments by taking notice of the molecular
15 weight of a polyphenylene ether and the number of
terminal hydroxyl groups, which affect wvarious
characteristics reguired of a material for a printed
wiring board. As a rvesull, it has been found that when
the average number of phenolic hydroxyl groups per
20 molecule of a polyphenylene ether is controlled to a
specific range and preferably when a polyphenylene ether
having a normal molecular weight is used as the main
component and at the same time, a low-molecular-weicht
polyphenylene ether is blended in a specific amount, a
25 curable resin composition excellent in moldability can be
obtained and a cured product excellent in heat resistance
and adhesiveness and low in the dielectric constant and
dielectric loss tangent can be formed.
That is, Lhe present invention is as follows.
30 [0015]
[1]1 A curable resin composition comprising a
polyphenylene ether, wherein:
the average number of phenolic hydroxyl groups per
molecule of the polyphenylene ether is 0.3 or more,
35 the resin flow rate of the curable resin composition
at curing as measured under the following conditions is

from 0.3 to 15%,
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a sample for dielectric loss tangent measurement
produced from the curable resin composition under the
folleowing conditions has a dielectric loss Langent at 1
GHz of 0.00% or less,

a sample for glass transition temperature
measurement produced from the curable resin composition
under the following conditions has a glass transition
temperature of 170°C or more,

assuming that two 150 mm-square orepredg sheebs
g g :

obtained by impregnating a glass cloth specified by IPC
Style 2116 with the curable resin composition to have a
resin content of 60+2 mass% are stacked to obtain a
laminate sheet precurscr and a laminate sheel is produced
by molding the laminate sheet precursor under the
following condition (a) and removing the resin part
[lowed out, the resin flow rate at curing is a value
calculated from the mass {g) of the laminate sheet and
the mass (g) of the laminate sheet precursor according to
the following formula:

Resin flow rate (%) at curing = {mass {(g) of
laminate sheet precursor - mass (g) of laminate
sheet) /mass (g) of laminate sheet precursor x 100,

the sample for dielectric loss tangent measurement
is molded under the following condition (a) after
stacking 16 prepreg sheets obtained by impregnating a
glass cloth specified by IPC Style 2116 with the curable
resin composition to have a resin content of 6012 mass$,
and

the sample for glass transition temperature
measurement ls molded under the following condition (a)
after stacking 2 prepreg sheets obtained by impregnating
a glass cloth specified by IPC Style 2116 with the
curable resin composition to have a resin content of 60+2
masss,
Condition ({(a):

vacuum pressing is performed under the condition of
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a pressure of 5 kg/cm® while heating at a temperature rise
rate of 3°C/min from room temperature; when reached 130°C,
vacuum pressing ls performed under the condition of a
pressure of 30 kg/cm® while heating al a temperature rise
rate of 3°C/min; and when reached 200°C, vacuum pressing
is performed under the conditions of a pressure of 30
kg/cm® and a time for 60 minutes while maintaining the
temperature at 200°C.

[2]  The curable resin composition according to [1]
above, wherein the polyphenylene ether contains a
polyphenylene ether component having an average number of
phenolic hydroxyl groups per molecule of less than 0.5
and having a number average molecular weight of 1,000 to
8,000, in an amount of 1 to 40 mass% based on the total
amount of the polyphenylene ether.

[3] The curable resin composition according to [1)
above, wherein the polyphenylene ether contains

(A-1) a polyphenylene ether component having an
average number of phenclic hydroxyl groups per molecule
ol less than 0.5 and having a number average molecular
welght of 1,000 to 8,000, and

{A-2) a polyphenylene ether component having a
number average molecular welght in excess of 8,000,

the content of the (A-1) is from I mass% to less
than 40 mass$ and the content of the (A-2) is from more
then 60 mass% to 99 mass%, based on 100 mass? of the
total mass of the (A-1) and Lhe (A-2).

[4]  The curable resin composition according to {27
or {3] above, wherein the (A-1) polyphenylens ether
compenent. having an average number of phenolic hydroxyl
groups per molecule of less than 0.5 and having a number
average molecular weight of 1,000 to 8,000 is a
benzylated polyphenylene ether having a structure in
which at least one phenolic hydroxyl group at the
molecular terminal of a polyphenylene ether is

substituted with a benzyl group.
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[5] The curable resin composition according to any
one of {1} to [4] above, containing (A} the polyphenylene
ether, (B) a monomer having two or more vinyl groups
within the molecule and (C) a reaction initiator, wherein
the content of the monomer (B} 1s from 10 to 70 parts by
mass and the content of the reaction initiator () is
from 1 to 10 parts by mass, per 100 parts by mass of the
total of the polyphenylene ether (A) and the monomer (B).

(6] The curable resin composition according to [5]
above, whervein the monomer (B} is triallyl isocyanurate
(TAICY .

(7] The curable resin composition according to [5]
or [6] above, further containing a flame retardant.

18] A prepreg for a printed wiring board,
containing the curable resin composiltion according to any
one of [1] to {71 above and a base material.

(2] A printed wiring board, containing a cured
product of the curable resin composition according to any
one of [1] to [7] above and a base material.

[10] A curable composition containing (A-1') a
polyphenylene ether component having an average number of
phenolic hydroxyl groups per molecule of less than 0.5
and having a number average molecular weight of 1,000 to
8,000.

[Effects of the Invention]
[0016]

According to the present invention, a curable resin
composition capable of providing a cured product having
low dielectric constant and low dielectric loss tangent,
which are inherent in a polyphenylene ether, and
providing a cured product exhibiting excellent
moldability at a normal press-molding temperature and
having high heat resistance and excellent adhesiveness
(for example, peel strength between layver in a multilayer
sheet. or peel strength between a cured product of the
curable resin composition and a metal foil such as copper

foil); a prepreg for a printed wiring board, containing
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Lhe resin composition and a base material; and a printed
wiring board containing a cured product of the resin
composition and a base material, can be provided.

[Mede for Carrying Out the Invention]

0017}

Embodiment examples of the present invention are
described in detail below, but the present invention is
not. limited to these embodiments.

[0018]

The polyphenylene ether contained in the curable
resin composition of this embodiment preferably contains
a repealting unit represented by the following formula
{(1}:

[0019]
{Chem. 1]

R1 R2
O— (1)

R3 R4

[0020]

(wherein each of R1, RZ, R3 and R4 independently
represents hydrogen atom, a halogen atom, an alkyl group
which may have a substituent, an alkoxy group which may
have a substituent, an aryl group which may have a
gubstituent, an amince group which may have a substituent,
nitro group or carboxyl group).

[0021}

Specific examples of the polyphenylene ether include
poly (2, 6-dimethyl~1, 4-phenylene ether), poly{2-methyl-6-
ethyl-1,4-phenylene ether), poly(Z2-methyl-6-phenyl-1, 4~
phenylene ether), poly(2,6-dichloro-1,4-phenylene ether),
a copolymer of Z,6-dimethylphenol and other phenols (such
as 2,3, 6-trimethylphencl and 2, -methyl-6-bulylphenol),
and a polyphenylene ether copolymer obltained by coupling
2, 6-dimethylphenol and biphenocls or bisphenols, with

poly (2, 6-dimethyl~1, 4-phenylene ether) being preferred.
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[0022]

The peolyphenylene ether as used in this disclosure
means a polymer composed of a substituted or
unsubstituted phenylene ether unit structure but may
contain other copolymerization components as long as the
el fects of the present invention are not impaired.

[0023]
In one embodiment of the present invention, a

polyphenylene ether-containing curable resin composition

i

(hereinafter, also referred to as "polyphenylene ether-
containing composition”) is provided.
[0024]

I one embodiment (hereinafter, also referred to as
"first embodiment™) of the present invention, the average
numper of phenclic hydroxyl groups per molecule of the
polyphenylene ether 1s 0.3 or more. In one embodiment,
the resin flow rate of the curable resin composition at
curing as measured under the following conditions is from
0.3 to 15%. 1In one embodiment, a sample for dielectric
loss tangent measurement produced from the curable resin
composition under the following condiltions has a
dielectric less tangent at 1 GHz of 0.005 or less. In
one embodiment, a sample for glass transition temperature
measurement produced from the curable resin composition
under the following conditions has a glass transition
temperature of 170°C or more.

[0025]

Assuming that two 150 mm-square prepreg sheets
obtained by impregnating a glass cloth specified by IPC
style 2116 with the curable resin composition Lo have a
resin content of 60142 mass% are stacked Lo obtain a
laminate sheet precursor and a laminate sheet is produced
by molding the laminate sheet precurscr under the
tollowing condition (a) and removing the resin part
flowed out, the resin flow rate at curing is a value
calculated from the mass (g) of the laminate sheet and

the mass (g) of the laminate sheel precursor according to
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the following formula:

Resin flow rate (%) at curing = {(mass (g) of
laminate sheet precursor - mass (g) of laminate
sheet)/mass (g) of laminate sheet precurscr x 100
[0026]

The cendition (a) is defined as follows: vacuum
pressing is performed under the condition of a pressure
of 5 kg/cm® while heating alt a temperature rise rate of
3°C/min from room temperature; when reached 130°C, vacuum
pressing is performed under the condition of a pressure
of 30 kg/cm” while heating at a temperature rise rate of
3°C/min; and when reached 200°C, vacuum pressing is
performed under the conditions of a pressure of 30 kg/cm”
and a time for 60 minutes while maintaining the
temperature at 200°C.

[G027]

The sample for dielectric loss tangent measurement
is molded under the condition (a) after stacking 16
prepreqg sheets obtained by impregnating a glass cloth
specified by IPC Style 2116 with the curable resin
composition to have a resin content of 6012 mass$.

[0028]

The sample for glass transition temperature
measurement is molded under the following condition (a)
after stacking 2 prepreg sheets obtained by impregnating
a glass cloth specified by IPC Style 2116 with the
curable resin composiltion to have a resin content of 60+2
masss.

[0029]

The glass cloth specified by TPC Style 2116 is
commercially available and, for example, available under
the trade name of "2116" produced by Asahi-Schwebel Co.,
Ltd.

[0030]
The resin flow rate at curing of the curable resin

coemposition of the present invention is from 0.3 to 15%,
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preferably from 0.5 to 12%, more preferably from 1 to

o

10%. When the resin flow rate is 0.3% or more,

moldability at a normal press-molding temperature is
excellent and a cured product reduced in starvation and

5 void as well as a laminate sheet containing the cured

product can be formed. O©On the other hand, when the resin
filow rate is 15% or less, in forming, for example, a
lLaminate sheet containing a cured preoduct of the curable
resin composition and a base material, the deviation of

10 stacking pesition in the laminate sheet can be reduced.
[0031]

The resin flow rate alt curing of the curable resin
composition is defined as a value determined by the
following method of this disclosure and more

15 specifically, can be calculated using the following
method.
[0032]

Asg for the resin flow rate at curing, a 150 mm-

square prepreg obtained by impregnating a glass cloth

20 {(IPC Style 2116) specified by IPC Style 2116 with the
curable resin composition to have a resin content of 60+2
mass% 1s used as a test piece. The mass {(g) of two test
pleces is previously determined and taken as the mass of
a laminate sheel precursor. Subseguently, two test

25 pieces are stacked and heated/pressed under the condition
(a). After removing the resin part [lowed out from the
150-mm square, the obtained laminate is used as a
laminate sheet. The mass of this laminalte sheet is
determined and taken as the mass (g) of the laminate

30 sheet. The values obtained in this way are substituted
in the formula above, whereby the resin [low rate at
curing is determined.
[0033]

Lxampies of the method for adijusting the resin flow

35 rate at curing to fall in the above-described range

include a method of adjusting the average number of

phenolic hydroxyl groups per molecule of the



20

25

30

35

- 14 -

polyphenylene ether, a method of adjusting the resin flow
rate by mixing the later-described low-molecular-

welght -terminal~functionalized polyphenylene ether (A-1)
and the component (A-2) and changing the mixing ratio
therebetween, and a method of blending the later-
descriped monomer having two or more vinyl groups within
the melecule and adjusting the blending amount thereof.
[0034]

Also, the dielectric less tangent of a cured product
sample produced from the curable resin composition of
this embodiment under the conditions of this disclosure
13 0.005 or less at 1 GHz. A printed wiring board having
a dielectric loss tangent of 0.005 or less at 1 GHz
responds to speeding-up of the signal transmission speed
required so as to increase the information processing
speed and therefore, iz demanded. The curable resin
composition provided by the present invention can give a
cured product composite having a dielectric loss tangent
of 0.005 or less at 1 GHz. Accordingly, by using such a
curable resin composition, a printed wiring board
enabling speeding-up of the signal transmission speed can
be formed.

[0035]

The cured product sample for dielectric loss fangent
measurement is produced by a method of stacking 16
prepreg sheets cbtained by impregnating a glass cloth
(IPC Style 2116) specified by IPC Style 2116 with the
curable resin composition to have a resin content of 60+2
mass® and molding the laminale by hot pressure [orming
under the condition (a).

[0036]

The dielectric loss tangent at 1 GHz of the cured
preduct sample above is preferably 0.003 or less, more
preferably 0.001 or less. The dielectric loss tangent is
preferably smaller but in view of electrical
characteristics inherent in the polyphenylene ether, may

be preferably 0.0007 or more, more preferably 0.0005 or



more.
[0037]
The dielectric loss tangent of the cured product
sample above 18 a value determined using the following
5 formula after measuring the capacitance Cp [F] and
conductance G [S] alt 1 MHz to 1 CGHz under the condition
of 500 mV by the impedance analyzer method:
er = (IxCp) /{mx{d/2) *xe0
{t: thickness [m] of sample, d: diameter of electrode, f:
10 measurement freguency [Hz], &0: dielectric constant of
vacuum=8.854x10" [F/m]) .
[0038]
Also, in the curable resin composition of this
embodiment, the glass transition temperature of a cured
15 product sample produced by the method above of this
disclesure (specifically, a sample produced by the same
method as the production method of the sample for
dielectric loss tangenl measurement except for stacking 2
prepreg sheets in place of stacking 16 prepreg sheets) is
20 170°C or more, preferably 180°C or more, more prelferably
190°C or more. The glass transition temperature of the
sample above corresponds to the glass transition
temperature of a cured product obtained by curing the
curable resin composition under typical use conditions.
25 The cured product having a glass transition temperature
of 170°C or more exhibits good heat resistance
(particularly solder heat resistance against lead-free
solder). The glass transition temperature of the cured
product is preferably higher but in view of applicablility
30 to the usage environment of the cured product, the glass
transition temperature of the sample may be preferably
300°C or less, more preferably 250°C or less.
[C039]
The glass transition temperature ol the sample is a
35 value measured using a viscoelastic spectrometer in the

twisting mode under the condition of a frequency of 10



10

15

20

25

rad/s.
[0040]

Examples of the melthod for adjusting the glass
transition temperature to fall in the above-described
range include a method of adijusting the average number of
phenolic hydroxyl groups per molecule of the
polyphenylene ether, a method of mixing the later-
described component (A-1) and Lhe component (A-2) and
adjusting the mixing ratio therebetween, and a method of
blending the later-described monomer having two or more
vinyl groups within the molecule and adjusting the
blending amount thercof.

[0041]

The average number of phenolic hydroxyl groups per
molecule of said polyphenylene ether contained in the
curable resin composition of the present invention is 0.3
or more. The average number of phenclic hydroxyl groups
per molecule of saild polyphenylene ether is preferably
0.7 or more, more preferably 0.9 or more, sill more
preferably 1.05 or more. When a polyphenylene ether in
which the average number of phenolic hydroxyl groups per
molecule is 0.3 or more is used in the curable resin
composition, the adhesiveness of a cured product of the
resin composition to a base material (such as glass
cloth) or the adhesiveness of a cured product of the
resin compesition to a metal foil such as copper foil is
improved, and the printed wiring board is advantageously
excellent in the water absorplion resistance, solder heat
resistance and adhesiveness (for example, peel strength
between layer in a multilayer sheet or peel strength
between the cured product and a copper foil or the like).
From the standpoint that the water absorption of a
composite (for example, a laminalte sheet) containing a
cured product of the curable resin composition and a base

material can be prevented from increasing or the
dielectric constant and dielectric loss tangent of the

composile can be prevented from becoming high, the
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average number of phenolic hydroxyl groups is preferably
2.0 or less, more preferably 1.85 or less, still more
preferably 1.6 or less.

[0042]

The average number of phenolic hydroxyl groups per
molecule of the polyphenylene ether in this discleosure is
defined as a value determined by the following method.

In accordance with the method described in Kobunshi

Ronbunshu (Collection of Papers on Polymers), Vol., 51,

No. 7, page 480 (1994), the number of hydroxyl groups is
determined from the value obtained by adding a
tetramethylammonium hydroxide solution to a methylene
chloride solution of polyphenylene ether and measuring
this sample for the change of absorbance al a wavelength
of 318 nm by an ultraviolet-visible absorptiometer.
separately, the number average molecular weight of the
polyphenylene ether is determined by gel permeation
chromatography, and the number of molecules of Lhe
polyphenylene ether is determined using the obtained
value. TFrom these values, the average number of hydroxyl
groups per molecule of the polyphenylene ether is

calculated according to the following formula:

Average number of phenolic hydroxyl groups per
molecule = number of hydroxyl groups/number-average

number of molecules
[0043]

The average number of phenclic hydroxyl groups per
molecule of the polyphenylene ether can be adjusted, for
example, by mixing a polyphenylene ether in which a
phenolic hydroxyl group alt the molecular terminal
remains, and a polyphenylene ether in which a phenolic
hydroxyl group at the molecular terminal is modified with
another functional group, and changing the mixing ratio
therebetween, or may be also adjusted by changing the
degree of substitution with another functional group on
the phenolic hydroxyl group at the molecular terminal.

The Tunctional group above is not particularly limited in
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1ts embodiment and may be a benzyl group, an allyl group,
a propargyl group, a glycidyl greoup, a vinylbenzyl group,
a methacryl group or the like. Among these, a benzyl
group is preferred, because, for example, this is easily
available in industry due to good reaction efficiency,
not reactive by ilsell, thereby ensuring excellent
stabilily, and remarkably effective in reducing the melt
viscosity of the polyphenylene ether-containing
composition during press—-forming.

[0044]

The polyphenylene ether for use in this embodiment
preferably contains (A-1) a polyphenylene ether component
having an average number of phenolic hydroxyl groups pern
molecule of less than 0.5 and having a number average
molecular weight of 1,000 to 8,000 (hereinafter, also
referred to as "low-molecular-weight -terminal-
functionallzed polyphenylene ether), in an amount of 1 to
40 mass% based on the total amount of the polyphenylene
ether. The content of the low-molecular-weight -terminal-
functionalized polyphenylene ether is more preferably
from 1.2 to 30 mass%, still more preferably from 1.5 to
25 massh.

[0045]

Ihe number average molecular weight of the
polyphenylene ether in this disclosure is a value
measured in terms of standard polystyrene by using the
gel permeation chromatography (GPC). Typically, GEC
measurement is performed usging Shodex LF-804x2
(manufactured by Showa Denko K.K.) for the column,
chloroform at 50°C for the eluent, and RI (refractometer)
for the detector, and from the relational expression of
the molecular weight of a standard polystyrene sample
measured under the same conditions and the dissclution
Time, the number average molecular weight is calculated.
[0046]

The curable resin composition containing a

polyphenylene ether containing the (A-1) low-molecular—
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welght -terminal-functionalized polyphenylene ether in an
amount of 1 mass% or more is preferred in that the melt
viscosity of the curable resin composition at the molding
is small and good moldability is obtained. On the other
hand, the curable resin composition containing a
polyphenylene ether containing the low-molecular-

welght -terminal-functionalized polyphenylene ether in an
amount of 40 mass% or less is preferred in that the low-
melecular-weight ~terminal-functionalized polyphenylene
ether can prevent its feature of poor adhesiveness from
clearly emerging and the water absorplion resistance,
solder heal resistance and adhesiveness (for example,
peel strength between layer in a multilayer sheet or peal
strength between a cured product of the curable resin
composition and a copper foill or the like) of a cured
product, which are required in a printed wiring board and
the like, are satisfied.

[0047]

The average number of phenolic hydroxyl groups per
molecule of the low-molecular-welght -terminal-
functionalized polyphenylene ether (A-1) is preferably
less than (0.5, more preferably 0.2 or less, still more
preferably 0.1 or less. When the average number of
phenolic hydroxyl groups per molecule is less than 0.5,
this is preferred in that the curable resin composition
containing the low-molecular-weight -terminal-
functionalized polyphenylene ether can form a cured
product having a low dielectric constant and a low
dlielectric loss tangent and in addition, by virtue of
having good curing reactivity, a cured product excellent
in the mechanical characteristics and heat resistance is
obtained. The average number of phenolic hydroxyl groups
is preferably smaller and may be 0 but in view of
efficiency in modifying the phenolic hydroxyl group with
another functional group, is preferably 0.001 or more,
more preferably 0.01 or more.

[0048]
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The number average molecular weight of the low-
molecular-weight -terminal-functionalized polyphenylene
ether (A-1) is preferably from 1,000 to 8,000, more
preferably from 1,000 toe 5,000, still more preferably
Trom 2,000 to 4,000. When the number average molecular
welght 1s 8,000 or less, the curable resin composition
containing the low-molecular-welght ‘ferminal-
functionalized polyphenylene ether shows a low melt
viscosily during molding and good moldability is
obtained. On the other hand, when the number average
molecular weight is 1,000 or more, this is preferred in
that the curable resin composition containing the low-
molecular-weight -terminal-functicnalized polyphenyiene
ether can form a cured product having a low dielectric
constant and a low dielectric loss tangent and having
good heat resistance and mechanical characteristics.
{0049]

The functional group at the terminal in the low-
molecular-weight -terminal-functicnalized polyphenylene
ether (A-1) is not particularly limited in its embodiment
and may be a benzyl group, an allyl group, a propargyl
group, a glycidyl group, a vinylbenzyl group, a methacryl
group or the like. Among others, the low-molecular-
welght -terminal-functionalized polyphenylene ether is
preferably a benzylated polyphenylene ether having a
structure in which at least one phenolic hydroxyl group
at the molecular terminal of a polyphenylene ether is
substituted with a benzyl group, because, for exanple,
this is easily available in industry due to good reaction
efficiency, not reactive by itself, thereby ensuring
excellent stability, and remarkably cffective in reducing
the melt viscosity of the later-described component (A-2)
at the press-forming.

[0050}

In the benzylated polyphenylene ether above, the

average number of phenolic hydroxyl groups per molecule

may be less than 0.5 and the number average molecular
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welght may be from 1,000 to 8,000. The benzylated
polyphenylene ether means a polymer having a structure in
which a substituted or unsubstituted benzyl group is
bonded to the molecular chain terminal of a substituted
or unsubstituted polyphenylene ether.
(0051}

More typically, the benzylated polyphenvlene ether
ol this disclosure has a structure represented by the
following formula (2):
[0052]

[Chem., 2]

D

R6
I (2)

R?

[0053]

Iwherein each of RS, R6, R7, RB8 and R9Y independently
represents hydrogen atom, an alkyl group or a halogen, 7%
is an integer of 1 to 5, and J represents a polyphenylienc
ether molecular chain containing a unit structure
represented by the following formula (1):

[0054]

[Chem. 3]

R1 R2
—~O)o— o
R3 R4
[0G55]
(wherein R1, RZ, R3 and R4 are as defined above)].
[0056]

J may be constituted to contain, as the unit
structure, substantially only a structure represented by
formula (1) but, according to the purpose, may contain a

copolymerization component other than the unit structure
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represented by formula (1).
[0057]

In formula (2), in view of reaction efficiency, it
is preferred Lhat all of R5, R6, R7, R8 and RY are
hydrogen atom.

10058]

In formula (2}, J is preferably a poly{(2,6-dimethyl-
1, 4-phenylene ether) structure, because control of the
moiecular weight during polymerization is relatively easy
and synthesis ol a polymer having an optimal molecular
welight distribution for usage is facilitated. J is also
preferably a copolymer structure obtained by reacting a
poly{Z, 6~-dimethyl-1, 4~phenylene ether) and a phenol
compound in the presence of an organic peroxide. The
phenol compound used here is not particularly limited as
long as it has one or more phenolic hydroxyl group within
the molecule, but specific examples thereof include
phencl, cresol, 2,6-xylencl, 2,3, 6~trimethylphenol,
bisphenol A, biphenol, and cresol -movolak skeleton
phenol. In view of high reaction rate, 2,6-xylenol,
blsphencl A and cresol ‘novoiak skeleton phenol are
preferably used.

[0059]

The number average molecular weight of the
benzylated polyphenylene ether may be from 1,000 to 8,000
and is preferably from 1,000 to 5,000, more proferably
from 2,000 to 4,000. When the number average molecular
welght 1s 8,000 or less, the benzylated polyphenylene
ether exhibits excellent solubility for a solvent and in
particular, when 4,000 or less, this component dissolves
at a concentration of 30 mass% or more in toluene al room
temperature (23°C). On the other hand, when the number
average molecular weight is 1,000 or more, the dielectric
constant and dielectric loss tangent of a cured product
of the curable resin composition containing the
benzylated polyphenylene ether can be reduced and at the

same time, the heat resistance and mechanical
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characteristics of the cured produclt are excellent.
Particularly, when 2,000 or more, this is preferred
because the dielectric constant and dielectric loss
Langent can be more reduced.

[G060]

The average number of phenciic hydroxyl groups pern
molecule of the benzylated polyphenylene ether may be
less than 0.5 and is preferably less than 0.2, more
preferably less than 0.1. When the average number of
phenolic hydroxyl groups is less than 0.5, the dielectric

constant and dielectric loss tangent of a cured product
of the curable resin composition containing the
benzylated polyphenylene ether are low and moreover,
because of high curing reactivity of the composition, a
cured produce excellent in the mechanical characteristics
and heat reslistance is obtained. The average number of
pienolic hydroxyl groups is preferably smaller and may be
0 but in view of efficiency in modifying the phenoclic
hydroxyl group with another functional group, is
preferably 0.001 or more, more preferably 0.01 or more.
[0061]

The benzylated polyphenyvlene ether can be obtained
typically be the reaction of a polyphenylene ether with a
benzyl compound, for example, is obtained by the reaction
of a phenolic hydroxyl group contained in the raw
material polyphenylene ether {(for example, a
polyphenylene ether containing a unit structure
represented by formula (1))} with a benzyl compound
represented by the following formula (3):

[0062]

[Chem., 4]

R5
R6

3)
R7 R9

R8

[00863]
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{(wherein R5, R6, R7, R8 and RY are as defined in formula
(2}, and X represents a halogen atom or a cyano group) .
[0064]

In formula (3), X includes F, Cl, Br, I, CN and the
like. S8pecific examples of the benzyl compound

represented by formula (3) include benzyl chloride,
benzyl cyanide, benzyl bromide, methylbenzyl chloride,
methylbenzyl bromide, dimethylbenzyl chloride,
dimethylbenzyl bremide, trimethylbenzyl chloride, and
trimethylbenzyl bromide. Among these, benzyl chloride is
preferred, because this is highly reactive with a
phenolic hydroxyl group and a benzylated polyphenylene
ether having a small number of phenoclic hydrosyl groups
can be easily produced.

[0065]

The production method of the benzylated
polyphenylene ether is nolt particularly limited but
includes, for example, a method of reacting a
polyphenylene ether and a benzyl compound in a solution
such as toluene and xylene by using a strong alkali
compound as the catalyst. Examples of the strong alkali
compound include a metal hydroxide such as sodium
hydroxide, potassium hydroxide and calcium hydroxide, and
an alcoholate such as sodium methylate and sodium
ethylate.

[0066]

In a preferred embodiment, the above-described low-
molecular-weight -terminal-functionalized polyphenylene
ether is combined with (A-2) a polyphenylene ether having
a number average molecular weight in excess of 8,000. In
this component (A-2), the number of terminal phenolic
hydroxyl groups is preferably larger than that in the
low-molecular-weight -terminal-functionalized
polyphenylene ether, and it is more preferred that the
average number of phenoliic hydroxyl groups per molecule
is 0.5 or more.

[0067]
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Above all, in the case where the polyphenylene ether
contains the low-molecular-weight -terminal-functionalized
polyphenylene ether in an amount of 1 to 40 mass%, the
polyphenylene ether preferably contains a polyphenyiene
ether component (hereinafter, also referred to as
"unfunctionalized polyphenylene ether”) in which the
average number of phenolic hydroxyl groups per molecule
is 0.5 or more and the number average molecular welight is
from more than 8,000 te 40,000.

[0068]

in a preferred embodiment, the polyphenylene ether
contains

{A-1}) a pelyphenylene ether component having an
average number of phenolic hydroxyl groups per molecule
of less than 0.5 and having a number average molecular
welght of 1,000 to 8,000, and

(A-2)} a polyphenylene ether component having an
average number of phenolic hydroxyl groups per molecule
of 0.5 or more and having a number average molecular
weight in excess of 8,000,

wherein the content of (A-1) is from 1 mass$ Lo less
than 40 mass% and the content of (A-2) is from more then
60 masst to 99 mass%, based on 100 mass? of the toltal
mass of {(A-1) and (A-2).

[0069]

In this embodiment, the polyphenylene ether
preferably consists of substantially {(A~1) and (A-2) and
more preferably consists of (A-1) and (A-2).

[COT70]

By the use of the component (A-2), a high glass
transition temperature attributable to the polyphenylene
ether having a large molecular weight is obtained. Also,
by the use of the component (A-2) in the preferred
embodiment, good adhesiveness attributable to the
terminal hydroxyl group is obtained, and excellent heat
resistance, mechanical characteristics and adhesiveness

are advantageously achieved.
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[0071]

IF'rom the standpoint ¢f realizing good adhesiveness,
the average number of phenolic hydroxyl groups per
molecule of the component (A-2) 1s preferably 0.5 or
more, more preferably 0.8 or more, still more preferably
L.6 or more. The average number of phenclic hydroxyl
groups is preferably larger in terms of obtaining the
above-described eflfects, but from the standpoint of
preventing increase in the water absocorption of a cured
product composite containing a cured product of the
curable resin composition and a base material or
preventing the dielectric constant and dielecltric loss
tangent from becoming high, the average number of
phenclic hydroxyl groups may be preferably 2 or less,
more preferably 1.85 or less, still more preferably 1.6
or less.

[0072]

The number average molecular weight of (A~2) is
preferably from more than 8,000 to 40,000, more
preferably from 9,500 to 28,000, still more preferably
from 10,000 to 20,000. When the number average molecular
weight exceeds 8,000, a high glass transition temperature
is obtained and therefore, a cured product excellent in
the heat resistance and mechanical characteristics is
advantagecusly obtained. On the other hand, when the
numper average molecular weight is 40,000 or less, this
is preferred because the melt viscosity 1ls kept low at a
normal press-forming temperature and good moldability is
obtained.

{0073]

The content of (A-2) is, from the standpoint of
realizing & high glass transition temperature and good
adhesiveness, preferably 60 mass% or more, more
preferably in excess of 60 mass%, still more preferably
70 mass% or more, yet still more preferably 75 mass$ or
more, and from the standpoint of reducing the melt

viscosity of the curable resin composition at the molding
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and obtaining good moldability, preferably 99 mass$ or
less, more preferably 98.8 mass% or less, still more
preferably 98.5 mass% or less, based on 100 mass% of the
total mass of (A-1) and (A-2). In another preferred
embodiment, (A~1):(A-2) is from 5:95 to 30:80 on the mass
basis.

[0074]

In the compesition of this embodiment, wvarious
components described with respect to some embodiments of
the present invention, such as reaction initiator, flame
retardant, other resins and other additives, may be
preferably blended in the same way as in Lhose
embodiments. This disclosure encompasses such blending.
Also, a varnish, a prepreg and a printed wiring board may
be preferably formed using the composition of this
embodiment in Lhe same mode as in other embodiments of
the present invention.

[0075]

Another embodiment of the present invention
(hereinafter, also referred to as "second embodiment™)
contains, as the polyphenylene ether, (A-1'}) a polyphenyl
ether component having an average number of phenolic
hydroxyl groups per molecule of less than 0.5 and having
a number average moelecular weight of 1,000 to 8,000
(hereinafter, also referred to as "component (A-17)"),
[0076]

Examples of the component (A-1') are the same as
those of the low-molecular-weight -terminal-functionalized
polyphenylene ether (A-1}). The functional group at the
terminal in the low-molecular-weight terminal~-
functionalized polyphenylene ether is not particularly
limited in its embediment and may be a benzyl group, an

allyl group, a propargyl group, a glycidyl group, a
vinylbenzyl group, a methacryl group or the like. Among
others, the low-molecular-weight -terminal-functionalized
polyphenylene ether is preferably a benzylated

polyphenylene ether having a structure in which at least
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one phenolic hydroxyl group at the molecular terminal of
a polyphenylene ether is substituted with a benzyvl group,
because, for example, this igs easily available in
industry due Lo good reaction efficiency, not reactive by
itself, thereby ensuring excellent stability, and
remarkably effective in reducing the mell viscosity of
the later-described unfuncticnalized polyphenylene ether
at the press-forming. As for such a benzylated
polyphenylene ether, the description of the benzylated
polyphenylene ether in the first embodiment can be
directly applied.

[0077]

This benzvlated polyphenylene ether has the
advantage of exhibiting excellent solubility for a
solvent (for example, various solvents used in the
varnish of this disclosure) wilthout impairing the low
dielectric constant and low dielectric loss Langent
inherent in the polyphenylene ether. The benzylated
polyphenylene ether having such characteristics can be
suitably used, for example, in the production of an
electronic substrate including thermal curing. Due to
the small number of phenolic hydroxyl groups contained in
the benzylated polyphenylene ether, the curable resin
composition containing the benzylated polyphenylene ether
(in this disclesure, also referred to as "henzylated
polyphenylene ether-containing composition™) can form a
cured product having a low dielectric constant and a low
dielectric loss tangent and also, can have high curing
reactivity. This compesition can form a cured product
having excellent mechanical characteristics and heat
resistance. An example of the benzylated polyphenylene
ether-containing composition is a composition containing
the benzylated polyphenylene ether and a monomer having
two or more vinyl groups within the molecule. Details of
the preflerred embodiment of the monomer having two or
more vinyl groups within the melecule are the same as

those described with respect to some embodiments of the
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present invention.
[C078]

In this embodiment, for the purpose of adjusting the
viscosity of a varnish of the composition and improving
the moldability of a cured product of the composition,
(A-2") a polyphenylene ether having a number average
molecular weight in excess of 8,000 {hereinafter, also
referred to as "component [(A-2')") may be further
incorporated. As for more preferred examples of the
numper average molecular weight of the component (A-2'),
for example, the number average molecular welght is more
preferably from more than 8,000 to 40,000, still more
preterably from 9,500 to 28,000, yet still more
preferably from 10,000 to 20,000.

[0079]

In a preferred embodiment, the polyphenylene ether
contains

(A-1'} a polyphenylene ether component having an
average number of phenclic hydroxyl groups per molecule
of less than 0.5 and having a number average molecular
welght of 1,000 te 8,000, and

(A-27) a polyphenylene ether component having an
average number of phenolic hydroxyl groups per molecule
of 0.5 or more and having a number average molecular
welight in excess of 8,000,

wherein the content of (A-1') is from 1 mass? to
less than 40 mass% and the content of (A-2') is from more
than 60 mass% to 99 mass%, based on 100 mass$ of the
total mass of (A-1'} and (A-27).

[0080]

By the use ol the component (A-2'), a high glass
Lransition temperature attributable to the polyphenylene
ether having a large molecular weight and good
adhesiveness attributable te the terminal hydroxyl group
are obtained, and excellent heat resistance, mechanical
characteristics and adhesiveness are advantageously

achieved.
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[0081]

From the standpoint of realizing good adhesiveness,
the average number of phenolic hydroxyl groups per
molecule of the component (A-2') 1s, for example, 0.5 or
more, preferably 0.8 or more, more preferably 1.6 or
more. The average number of phenolic hydroxyl groups is
preferably larger in terms of obtaining the above-
described effects, but from the standpoint of prevenlting
increase in the water absorption of a cured product
composite containing a cured product of the curable resin
composition and a base material or preventing the
dielectric constant and dielectric loss tangent from
becoming high, the average number of phenolic hydroxyl
groups may be preferably 2 or less, more preferably 1.85
or less, still more preferably 1.6 or less.

[0082]

The number average molecular weight of the
unfunctionalized polyphenylene ether is preferably from
more than 8,000 to 40,000, more preferably from 9,500 Lo
28,000, still more preferably from 10,000 to 20,000.
When the number average molecular weight exceeds 8,000, a
high glass transition temperature is obtained and
therefore, a cured product excellent in the heat
resistance and mechanical characteristics is
advantageously obtained. On the other hand, when the
number average molecular weight is 40,000 or less, this
is preferred because the melt viscosity is kept low at a
nermal press-forming temperature and good moldability is
chtained.

[0083]

The amount of the component (A-2') used is
preferably from 5 to 95 parts by mass, more preferably
from 40 to 80 parts by mass, per 100 parts by mass of the
total of the component {(A-1') and the later-described
monomer (B} .

[0084]

The amount of (A-2') used is, from the sltandpoint of
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realizing a high glass transition temperature and good
adhesiveness, preferably 60 parts by mass or more, more
preferably in excess of 60 parts by mass, still more
preferably 70 parts by mass or more, yet still more
preferably 75 parts by mass or more, and from the
standpoint of reducing the melt viscosity of the curable
resin composition and obtaining good moldability,
preferably 99 parts by mass or less, more preferably 98.8
parts by mass or less, still more preferably 98.5 parts
by mass or less, per 100 parts by mass of the total of
the component (A-1') and the component (A-2"). In
another preferred embodiment, (A-1'):(A-2') dis from %:95
to 30:80 on the mass basis.

r0os8s]

In this embodiment, the polyphenvlene ether
preferably consists of substantially (A-1') and (A-2"'")
and more preferably consists of (A-1') and (A-2'),

[0086]

In the composition of this embodiment, various
components described with respect to some embodiments of
the present invention, such as reaction initiator, flame
retardant, other resins and other additives, may be
preferably blended in the same way as in those
embodiments. This disclosure encompasses such blending.
Also, a varnish, a prepreg and a printed wiring board may
be preferably formed using the composition of this
embodiment in the same mode as in other embodiments of
the present invention.

[cog7]

Still another embodiment of the present invention
provides a curable resin composition containing (A) a
polyphenyl ether that is the above-described polyphenyl
ether, and (B) a monomer having two or more vinyl groups
within the molecule. This curable resin composition
contains the (B) monomer having two or more vinyl groups
within the molecule in an amount of preferably from 5 Lo

95 parls by mass, more preferably from 10 to 80 parts by
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mass, still more preferably from 10 to 70 parts by mass,
vel still more preferably from 20 to 70 parts by mass,
per 100 parts by mass of the total of the polyphenylene
ether (A) and the (B) monomer having two or more vinyl
groups within the molecule. When the amount of the
monomer (B} 1s 5 parts by mass or more, good moldability
l1s advantageously obtained, and when the amount is 95
parts by mass or less, this is preferred in that a cured
product having a low dielectric constant and a low
dielectric less tangent can be formed.
[0088]

In the curable composition, the compositional ratio
{a')/ (b} of the content (a') of the component (A-1) or
component (A-1') to the content (bY of Tthe monomery having
two or more vinyl groups within the molecule (preferably
TALIC) dis preferably from 5/95 to 9%/% (by mass). When
the compesitional ratio is 5/95 or more, the dielectric
constant and dielectric loss tangent of the obtained
cured product are advantageously low, and when the
compositional ratio is 95/5 or less, the moldability is
good. The compositional
20/80 to 90/10, still more preferably from 20/70 to
80/20.

[0C89]

In this disclesure, the moncmer having two or more

ratio is more preferably from

vinyl groups within the molecule includes, for example,
triailyl isoccyanurate (TAIC), triallyl cyanurate,
triallylamine, triallyl mesate, divinylbenzene,
divinylnaphthalene, and divinylbiphenyl, but TAIC having
good compatibility with the polyphenylene ether is
preferred.
[0090]

The curable resin composition of this embodiment
more preferably contains {A) a polyphenylene ether, (B} a
monomer having two or more vinyl groups within the
molecule, and (C) a reaction initiator.
[0081]
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As the reaction initiator (C), an arbitrary
initiator having an ability of accelerating a
polymerization reaction of a vinyl monomer can be used,
~and examples thereof include a peroxide such as benzoyl

5 peroxide, cumene hydroperoxide, 2,5-dimethylhexane-2, 5~

dihydroperoxide, 2,5-dimethyl-2,5-di (tert~
butylperoxy)hexine-3, di-tert-butyl peroxide, tert-
butylcecumyl percxide, a,o'-bis{tert-butylperoxy-m-
isopropyl)benzene, 2,5-dimethyl-2,5-di (tert-

19 butylperoxy)hexane, dicumyl peroxide, di-tert-butyl
peroxyiscphthalate, tert-butyl peroxybenzoate, 2,2-
bis{tert-butylperoxy)butane, 2,2-bis(tert-
butylperoxy)octane, 2,5-dimethyl-2, 5~
di (benzoylperoxy)hexane, di(trimethylsilyl)peroxide and

15 trimethylsilyltriphenylsilyl peroxide. Also, a radical
generator such as 2,3-dimethyl-2, 3-diphenylbutane may be
used as the reaction initiator. Among these, from the
standpoint that a cured product being excellent in the
heat resistance and mechanical characteristics and

20 furthermore, having a low dielectric constant and a low
dielectric loss tangent can be obtained, 2,5-dimethyl-
Z,5-di{tert-butylperoxy)hexine-3, o,a'~bis(tert-
butylperoxy-m-isopropyl)benzene and 2, 5~dimethyl-2,5-

di (tert-butylperoxy)hexane are preferred.

25 [0092]

The content of the reaction initiator {(C) is, Ffrom
the standpoint that the reaction rate can be made high,
preferably 0.5 parts by mass or more, more preferably 1
part by mass or more, still more preferably 1.5 parts by

30 mass or more, and from the standpoint that the dielectric
constant and dielectric loss tangent of the obtained
cured product can be kept low, preferably 15 parts by
mass or less, more preferably 10 parts by mass or less,
still more preferably 7 parts by mass or less, per 100

35 parts by mass of the total of the polyphenylene ether (A)
and the monomer (B).

[0093]
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In a preferred embodiment, per 100 parts by mass of
the total of the polyphenyliene ether {(A) and the monomer
(B), the content of the moncmer (B) is from 10 to 70
parts by mass and the content of the reaction initiator
(C) is [rom 1 to 10 parts by mass.

[0094]

In the curable resin composition of the present
Inventicn, another resin (for example, a thermoplastic
resin or a hardening resin) may be further incorporated.
Examples of the thermoplastic resin include a homopol ymer
ol a vinyl compound such as ethylene, propylene,
butadiene, lsoprene, styrene, divinylbenzene, methacryiic
acid, acrylic acid, methacrylic acid ester, acrylic acid
ester, vinyl chloride, acrylonitrile, maleic anhydride,
vinyl acetate and tetralluoroethylene, a copolymer of two
or more these vinyl compounds, polyamide, polyimide,
polycarbonate, polyester, polyacetal, polyphenylene
sulflide, and polyethylene glycel. Among these, a
homopolymer of styrene, a styrene-butadiene copolymer,
and a styrene-ethylene~butadiene copolymer may be
preferably used in view of solubilily of the curable
composition in a solvent and moldability. Examples of
the hardening resin include a phenol resin, an epoxy
resin and cyanate esters. The above-described
thermoplastic resin and hardening resin may be a resin
modified with a functional compound such as acid
anhydride, epoxy compound and amine. The amcunt of such
another resin used is preferably from 10 to 90 parts by
mass, more preferably from 20 to 70 parts by mass, per
100 parts by mass of the total of the polyphenylene ether
(A and the monomer (B).

[0095]

The curable resin composition of the present
invention may further contain appropriate additives
according to the purpose. Examples of the additive
include a flame retardant, a heat stabilizer, an

antioxidant, a UV absorber, a surfactant, a lubricant, a
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filler, and a polymer additive.
[0096]

Above all, the curable resin composition of the
present invention preferably further contains a {lame
retardant, because flame retardance can be imparted, in
addition to the advanltage that a printed wiring board or
the like excellent in the meldability, solder heat
resistance and adhesiveness (for example, peel strength
between layer In a multilayer sheet or peel strength
between a cured product and a copper foll or the like),
which are ensured in the present invention, can be
obltained,

[0097]

The flame retardant is not particularly limited as
leng as it has a function inhibiting the mechanism of
combustlion, and examples thereof include an inorganic
[lame retardant such as anltimony trioxide, aluminum
hydroxide, magnesjium hydroxide and zinc borate, and an
aromatic bromine compound such as hexabromobenzene,
decabromodiphenylethane, 4,4-dibromophenyl and ethylene
bistetrabromophthalimide. Among these, from the
standpoint that the dielectric constant and dielectric
loss tangent of the obtained cured product can be kept
low, for example, decabromodiphenylethane is preferred.
[0098]

The amount of the flame retardant used varies
depending on the flame retardant used and is not
particularly limited, but in terms of maintaining flame
retardance in a level of 94V-0 of the UL Standards, the
amount used is preferably b parts by mass or more, more
preferably 10 parts by mass or more, still more
preferably 15 parts by mass or more, per 100 parts by
mass of the total of the polyphenylene ether (A) and the
monomer (B). Also, from the standpoint that the
dielectric constant and dielectric loss tangent of the
obtained cured product can be kepl low, the amount used

is preferably 50 parts by mass or less, more preferably
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45 parts by mass or less, still more preferably 40 parts
by mass or less.
[C099]

A varnish containing the above-described curable
resin composition is also disclosed. The varnish can be
formed by dissolving or dispersing the curable resin
composition of the present invention in a solvent. A
base material such as glass cloth is impregnated with the
varnish and thereafter, the solvent portion is removed by
drying, whereby a prepreg sultable, for axample, as a
material of an insulating layer of a substrate material
can be produced.

[0100]

Lxamples of the solvenlt used for the varnish include
toluene, xylene, methyl ethyl keltone, and acetone. One
of these solvents may be used alone, or fLwo or more
thereol may be mixed and used. Also, for example, one or
more of various solvents described above may be combined
with alcohols such as methanol. From the standpoint of
successfully controlling the impregnation of the varnish
for a base material and the amount of the resin attached
to a base material, the proportion of the curable resin
composition in the varnish is preferably from 5 to 95
parts by mass, more preferably from 20 to 80 parts by
mass, per 100 parts by mass of the total amount of the
varnish.

[0101]

in another embodiment of the present invention, a
prepreg containing the curable resin composition of the
present invention and a base material is provided. The
prepreg is typlcally a prepreg for a printed wiring
board. A typical prepreg is a composite of the curable
resin composition and a base material, obtained by
impregnating a base material with a varnish containing
the curable resin composition and thereafter,
velatilizing the solvent portion by a hot-air drier or

the like. As the base material, one of wvarious glassg
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cloths such as roving cloth, cloth, chopped mat and
surfacing mat; an asbestos cloth, a metal fiber and other
synthetic or natural inorganic fiber cloths; woven or
nonwoven fabrics cbtained from a ligquid crystal fiber
such as wholly aromatic polyamide fiber, wholly aromatic
polyester [iber and poelybenzoxazole fiber; natural fiber
cloths such as cotton cloth, hemp cloth and felt; a
carbon fiber cloth; natural cellulose base materials such
as craft paper, coltton paper and cloth obtained from a
paper-dglass mixed yarn; polytetrafluoroethylehe porous
films; and the like, may be used alone, or Lwo or more
thereol may be used in combination.

[0102]

The preportion of the curable resin composition in
the prepreg is preferably from 30 to 80 parts by mass,
more preferably from 40 to 70 parts by mass, per 100
parts by mass of the total amount ol the prepreg. When
the proportion above is 30 parts by mass or more,
excellent insulation reliability is obtained in using the
prepreg, for example, to Lorm an electronic substrate,
and when the proportion is 80 parts by mass or less, lhe
obtained electronic substrate is excellent in the
mechanical characteristics such as flexural modulus.
[0103]

By using the curable resin composition of the
present invention, a laminate sheet where a cured product
composite containing a cured product of the curable resin
composition and a base malerial and a metal foil are
Ltaminated one on another, can be formed. The laminate
sheet is preferably a laminate sheet where the cured
product composite is stacked in close contact with the
metal foil, and is suitably used as a material of an
electronic substrate. As the metal foil, for example, an
aluminum foll and a copper foil may be used, and among
others, a copper foil is low in the electrical resistance
and therefore, is preferred. The metal foil may be

combined with one sheet or a plurality of sheets of the



1.0

15

20

30

35

- 38 -

cured product composite, and after the metal foil is
stacked on one surface or both surfaces of the composite
according to usage, the stack is processed into a
laminate sheet. The production method of the laminate
sheet includes, for example, a method where a composite
(for example, the above-described prepreg) composed of
the curable resin composition and a base material is
formed and after stacking a metal foil thereon, the
curable resin composition is cured to obtain a laminate
sheet in which a cured product laminate and a metal foil
are laminated one on another. One particularly preferred
application of the laminate sheet is a printed wiring
boaxrd.

[01.04]

In another embodiment, a printed wiring board
containing a cured product of the curable resin
composition of the present invention and a base material
is provided. The printed wiring board of the present
invention can be formed, typically by a method of molding
the prepreg of the present invention by hot pressure
Forming. The base material includes the same materials
as those described above for the prepreg. The printed
wlring board of the present invention is formed using the
above-described curable resin composition and therefore,
can have excellent insulation reliability and mechanical
characteristics.

[Examples]
[0105]

The embodiment of the present invention is described
in greater detail below by referring to Examples, but the
embodiment of the presenlt invention is not limited to
these Examples.

[0106]

The physical preperties in Examples, Comparative
Examples and Production Examples were measured by the
following methods.

{0107}
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(1) Number Average Molecular Weight of Polyphenylene
Ether

The number average molecular weight was determined
using gel permeation chromatography analysis (GPC) by
comparison with the dissolution time of standard
polystyrene of which molecular weight is known.

The measurement was performed using HLC-8220CPC
(manulactured by Tosoh Corporaticn) as the measuring
device under the conditions of column: Shodex LF-804x2
(manufactured by Showa Denko K.K.), eluent: chloroform at
50°C and detector: RI.

[0108]
(2] Average Number of Phenolic Hydroxyl Groups per
Molecule of Polyphenylene Bther

The average number of phenolic hydroxyl groups per
molecule was determined using the number of phenolic
hydroxyl groups contained in the polyphenylene ether as
determined from the absorbance and the number of
molecules of the polyphenylene ether as determined from
the average molecular weight.

First, in accordance with the method described in

Kobunshi Ronbunshu (Collection of Papers on Polvmers),

Vol., bl, No. 7, page 480 (1994), the number of hydroxyl
groups was determined from the value cbtained by adding a
tetramethylammonium hydroxide solution te a methylene
chloride solution of polyphenylene ether and measuring
this sample for the change of absorbance at a wavelength
of 318 nm by an ultraviolet-visible absorptiometer.

separately, the number average molecular weight of
the polyphenylene ether was determined by gel permeation
chromatography according to (1) above, and the number of
molecules of the polyphenviene ether was determined using
the obtained value. From these values, the average
number of hydroxyl groups per molecule of the
polyphenylene ether was calculated according to the
following formula:

Average number of phenolic hydroxyl groups per
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molecule = number of hydroxyl groups/number-average
number of molecules
[0109]
(3} Resin Flow Rate at Curing of Curable Resin
5 Composition
The resin flow rate was determined as a ratio of the
mass ol the resin flowed oul when producing a laminate
sheet by molding the prepreg by hot pressure forming, to
the original mass (the prepreg subiected to hot pressure
10 forming) .
[011¢]
The curable resin composition was mixed with toluene
to produce a varnish and after impregnating a glass cloth
(2116, produced by Asahi-Schwebel Co., Ltd.) with the
15 varnish, the toluene solvent was removed by drying to
produce a prepreg having a resin content of about 60
masss.  Two 150 mm-square sheels were cult oul from the
prepreg and used as a test pilece. Here, the mass (g} of
two test pieces was determined and taken as the mass of
20 the laminate sheet precursor.
[C111]
Subsequently, two test pieces were stacked. The
stack was vacuum-pressed under the condition of a
pressure of 5 kg/cm” while heating at a temperature rise
25 rate of 3°C/min from room temperature; when reached 130°C,
vacuum-pressed under Che condition of a pressure of 30
kg/cm® while heating at a temperature rise rate of
3°C/min; and when reached 200°C, vacuum-pressed under the
conditions of a pressure of 30 kg/cm’ and a time for 60
30 minutes while maintaining the temperature at 200°. The
resin flowed out from the 150 mm-square part was removed
To obtain a laminate sheet. The mass of this laminate
sheet was determined and taken as the mass (g} of the
laminate sheet.
35 Using Lhe mass (g) of the laminate sheel precursor

and the mass (g) of the laminate sheet, the resin flow
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rate (%) at curing of the curable resin composition was
determined according to the following formula:

Resin flow ralte (%) at curing = (mass {(g) of
laminate sheet precursor - mass (g) of laminate

5 sheet) /mass (g) of laminate sheet precursor x 100
[0112]
(4) Glass Transition Temperature of Laminate Sheet

The dynamic viscoelasticilty of the laminate sheet
was measured, and the temperature at which tan & becomes

10 maximum was determined.

The measurement was performed using ARESS
(manufactured by TA Instruments Japan Inc.) as the
measuring device under the conditions of a test piece
with a length of about 45 mm, a width of about 12.5 mm

15 and a thickness of about 3 mm, twisting mode, and a
frequency of 10 rad/s.
[0113]
(5) Dielectric Constant and Dielectric Loss Tangent of
Laminate Sheet

20 The dielectric constant and dielectric loss tangent
of the laminate sheet at 1 Gz were measured using an
impedance analyzer.

Measurement was performed using an impedance
analyzer (42918 op. 002 with 16453A, 16454A, manufactured

25 by Agllent Technologies) as the measuring device under
the conditions of test piece thickness: about 2 mm,
voltage: 100 mV, and frequency: from 1 MHz to 1.8 GHz.
Fach of the dielectric constant and the dielectric loss
tangent was determined as an average value of 100 sweeps.

30 [0114]

(6) Water Absorption Percentage of Laminate Sheet

The laminate sheet was subjected to a water
absorption accelerated test, and the water absorption
percentage was determined from the increase in the mass.

35 The laminate sheet was cut out into a 50-mm sguare

to produce a test piece and after drying the test piece
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was at 130°C for 30 minutesz, the mass was measured and
taken as the mass (g) before accelerated test.
Subsequently, the mass after performing an accelerated
test under the conditions of temperature: 121°C, pressure:
2 atm, and time: 4 hours was measured and taken as the
mass {g) after accelerated test.

Using the mass (g) before accelerated test and Lhe
mass (g) alter accelerated test, the water absorpition
percentage was calculated according to the following
Formula, and an average value of measured values of 4
test pieces was determined.

Water absorption percentage (mass%) = {mass before
accelerated test - mass after accelerated test) /mass
before accelerated test x 100
[0115]

{7y Solder Heat Resistance After Water Absorption Test of
Laminated Sheet

A solder heat resistance heat at 288°C and 260°C was
paerformed using the laminate sheet after measurement of
water absorption percentage of (6). The laminalte sheet
after the water absorption accelerated test was dipped in
a solder bath at 288°C or 260°C for 20 seconds and then
observed with an eye. The laminate sheet where none of
swelling, delamination and whitening was observed even
alfter dipping in a solder bath at 288°C was rated as
"solder heat resistance of 288°C"; the laminate sheet
where any ocne or more of swelling, delamination and
whitening was generated by dipping in a solder bath at
288°C but none of swelling, delamination and whitening was
observed even after dipping in a solder bath at 260°C was
rated as "solder heat resistance of 260°C"; and the
laminate sheet where any one of swelling, delamination
and whitening was generated by dipping in a solder bath
at 260% was rated as "not passed".

[0116]
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{8} Copper Foil-Peeling Strength of Laminate Sheel
The stress when peeling off the copper foil of a
copper-clad laminate sheet at a constant rate was
measured. A copper-clad laminate sheet using a 35-um
5 copper foil (GTS-MP foll, manufactured by Furukawa
Electric Co., Ltd.), produced by the later-described
melthoed, was cul into a size of 15 mm widbh x 150 mm
length and after the average value of loads when the
copper foll was peeled off at an angle of 90° with respect
10 to the removal surface at a rate of 50 mm/min was
measured using an autograph (AG-5000D, manufactured by
Shimadzu Corporation), the average value of 5
measurements was determined.
[0117]
15 Raw materials used in Examples, Comparative Rxamples
and Productiocon Examples are as follows.
Polyphenylene ether:
52027 (produced by Asahi Kasel Chemicals Corp.,
number average molecular weight: 19,000, average number
20 of phenolic hydroxyl groups per molecule: 1.84)
Low-molecular-weight ‘methacrylated polyphenylene ether:
MX9000 {preduced by SABIC, number average molecular
weight: 1,100, average number of phenolic hydroxyl groups
per molecule: (0.04)
25h Bisphenol A:
Produced by Tokyo Chemical Industry Co., Ltd.
Mineral spirit solution of 6 mass% coball naphthenate:
Produced by Wako Pure Chemical Industries, Ltd.
Benzoyl peroxide solulbion:
30 NYPER BMT K-40 (produced by NOF Corp., a 40 mass%
xylene solution of benzoyl peroxide)
Tetrabutylammonium iodide:
Produced by Wako Pure Chemical Industries, Ltd.
Benzyl chloride:
35 Produced by Tokyo Chemical Industry Co., Ltd.

Chicromethylstyrene:
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Produced by Wako Pure Chemical Industries, Ltd.
Triallyl isccyanurate:
TAIC (produced by Nippon Kasei Chemical Co., Ltd.)
Styrene-based elastomer:
5 SO Le0e {produced by Asahi Kasel Chemicals Corp.)
Silica:
Spherical silica (produced by Tatsumori Ltd.)
Decabromodiphenylethane:
SAYTEXB010 (preduced by Albemarle Japan Corp.)
10 o, o' -Bis(ftert-butylperoxy-m-isopropyl)benzene:
PERBUTYL P (produced by NOF Corp.)
Cresol 'novolak skeleton phencol resin:
Produced by Gun Ei Chemical Industry Co., Ltd.,
grade: RESITOP PSM-4261
15 Z,0-Xylenol:
Produced by Tokyo Chemical Industry Co., Ltd.
tert-Butylperoxyisopropyl carbonate:
Perbutyl I (produced by NOF Corp.)
[0118]
20 <Production Example 1: low-molecular-weight -polyphenylene
ether>
A 10-1 flask was placed in an oil bath heated at
90°C, and a nitrogen gas was intreduced into the flask at
30 ml/min. Subsequent operations were always performed
25 undey a nitrogen gas stream. Thereto, 1 kg of
polyphenylene ether and 3 kg of toluene were charged and
dissclved with stirring. Furthermore, a solution
obtained by dissolving 80 g of bisphenol A in 350 g of
methanol was added to the flask with stirring. After
30 continuously stirring for % minutes, 3 ml of a mineral
spirit seclution of 6 mass% cobalt naphthenate was added
by means of a syringe, and stirring was continued for 5
minutes. Subsequently, a solution obtained by adding
1,125 g of toluene to 375 g of a benzoyl peroxide
35 solution and diluting the solution to a benzoyl peroxide
concentration of 10 mass% was put in a dropping funnel

and dropped in the flask over 2 hours. After the
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completion of dropping, heating and stirving were further
continued for 2 hours to obtain a molecular weight-
reduced polyphenylene ether. The number average
molecular welght of the obtained molecular weight-reduced
polyphenylene ether was 2,800, and the average number of
phenolic hydroxyl groups per molecule was 1.96,

[CG119]

<Production Example Z: low-molecular-weight ‘benzylated
polyphenylene ether-1>

The process until a polyphenyl ether was
precipitated by adding methanol was performed by the same
method as in Production Example 1 to obtain a reaction
solution containing a low-molecular-weight ‘polyphenylene
ether. The temperature of the reaction solution was
lowered to 50°C, and an agueous solution obtained by
dissolving 340 g of sodium hydroxide in 3,050 g of ion-
exchanged water and 31 g of tetrabutylammonium iodide
were added, followed by stirring for 5 minutes.
Furthermore 1,070 g of benzyl chloride was added, and
stirring was continued for 4 hours at a temperature of
50°C to obtain a reaclion solution containing a low-
molecular-weight ‘benzylated polyphenylene ether. The
Low-molecular-weight -benzylated polyphenylene ether by
adding a large amount of methancl thereto, separated by
filtration and dried to obtain a low-molecular-
welght -benzylated polyphenylene ether—1.

The number average molecular weight of the oblained
low-molecular-welight ‘benzylated polyphenylene ether-1 was
3,000, and the average number of phenolic hydroxyl groups
rer melecule was 0.01.

[0120]
<Production Example 3: low-molecular-weight ‘benzylated
polyphenylene ether—-2>

A low-molecular-welght -polyphenylene ether was
produced in the same manner as in Production Example 1
excepl Lor changing the amount of bisphencl A to 100 g,

changing the amount of wethanol for dissoclving bisphenol
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A Lo 440 g and changing the amount of benzoyl peroxide
solution to 425 g, and a low-molecular-weight ‘benzylated
polyphenylene ether-2 was obtained using the low-
molecular-weight -pelyphenylene ether by the same method
as in Production Example 2. The number average molecular
welght of the obtained low-molecular-weight ‘benzylated
polyphenylene ether-2 was 2,400, and the average number
ol phenolic hydroxyl groups per molecule was 0.02.
[01213

<Production Example 4: low-molecular-weight benzylated
polyphenylene ether-3>

A low-molecular-weight ‘polyphenylene ether was
produced in the same mannery as in Production Example 1
except for changing the amount of bisphenol A to 130 g,
changing the amount of methanol for dissolving bisphenol
A Lo 570 g and changing the amount of benzoyl peroxide
solution to 475 g, and a low-molecular-weight ‘benzylated
polyphenylene ether-3 was obtained using the low-
molecular-welght 'polyphenylene ether by the same method
as in Production Example 2. The number average molecular
welght of the obtained low-molecular-weight -benzylated
polyphenylene ether was 1,500, and the average number of
phenolic hydroxyl groups per molecule was 0.04,

[0122]
<Production Example 5: low-molecular-
welght ‘vinylbenzylated polyphenylene ether»

A low-molecular-weight vinylbenzylated polyphenylene
ether was obtained by the same method as in Production
Example 2 exceplt for changing the amount of benzyl
chloride to 1,070 g and changing the amount of
chloromethylstyrene to 1,290 g. The number average
molecular welight of the obtained low-molecular-
welght vinylbenzylated polyphenylene ether was 3,100, and
the average number of phenclic hydroxyl groups per
molecule was 0.05,

[0123]

<BExamples 1 to 9 and Comparative Examples 1 to 6>



10

20

36

3

- /l,? -

A varnish of the resin composition shown in Table 1
was mixed using toluene to prepare a varnish. A glass
cloth ("2116", trade name, produced by Asahi-Schwebel
Co., Ltd.) was impregnated with the obtained varnish and
then dried to obtain a prepreg having a resin content of
60 mass%. Using this prepreg, the resin flow rate at
curing was measured by the method described above,

[0124]

Also, a laminate obtained by stacking 2 sheels of
the prepared prepreg and laminating a 12 pm-thick copper
foil (GTS-MP foil, manufactured by Furukawa Electric Co.,
Ltd.) on the top and bottom of the stack was vacuum-
pressed under the condition of a pressure of 5 kg/om
while heating at a temperature rise rate of 3°C/min from
room temperature; when reached 130°C, vacuum-pressed under
the condition of a pressure of 30 kg/cm® while heating at
a temperature rise rate of 3°/min; and when reached
200°C, vacuum-pressed under the conditions of a pressure
of 30 kg/cm® and a time for 60 minutes while maintaining
the temperature at 200°C, whereby a double-sided copper-
clad laminate sheet was obtained. Subseqguently, the
copper—~clad laminate sheet was cut into a 100-mm sqguare,
and the copper foil was removed by etching to obtain a
sample for evaluating the glass transition temperature,
water absorption percentage, and solder heat resistance
after water absorption test.

[0125]

In addition, a laminate obtained by stacking 2
sheets of the prepared prepreg and laminating a 35 pm-
thick copper foll (GTS-MP foil, manufactured by Furukawa
Electric Co., Ltd.) on the top and bottom of the stack
was vacuun-pressed under the condition of a pressure of 5
kg/cm® while heating at a temperature rise rate of 3°C/min
from room temperature; when reached 130°C, vacuum-pressed

under the condition of a pressure of 30 kg/cm® while
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heating at a temperature rise rate of 3°C/min; and when
reached 200°C, vacuum-pressed under the conditicns of a
pressure of 30 kg/cm’ and a time for 60 minutes while
maintaining the temperature at 200°C, whereby a double-
slded copper-clad laminate sheet was produced. This
double-sided copper-clad laminate sheel was used as a
sample for copper foil-peeling strength measurement.
[0126]

Furthermore, a stack obtained by stacking 16 gsheets
of the prepreg prepared above was vacuum-pressed under
the conditlion of a pressure of 5 kg/am® while heating at a
temperature rise rate of 3°C/min from room temperature;
when reached 130°C, vacuum-pressed under the condition of
a pressure of 30 kg/cm” while heating at a temperature
rigse rate of 3°/min; and when reached 200°C, vacuum-
pressed under the conditions of a pressure of 30 kg/cm”
and a time for 60 minutes while maintaining the
Lemperature at 200°C, whereby a laminate sheet was
produced.  This laminate sheet was cubt into a 100-mm
square and used as a sample for measurement of dielectric
constant and dielectric loss tangent.

[0127]

Using the prepreg, double-sided copper-clad laminate
sheet (two types of copper foils of 12 um and 35 um) or
laminate sheel, the glass transition temperature, resin
Flow rate at curing, copper foil-peeling strength,
dielectric constant, dielectric loss tangent, water
absorption percentage, and solder heat resistance aflter
water absorplion were measured, and the results are shown
in Table 1.

[0128]

As seen in Table 1, in ail of Examples 1 to 9, the
resin flow rate was 0.3% or more and is large, the
dielectric loss tangent was 0.005 or less and is small,
and the glass transition temperature was 170°C or more and

is high. The laminate sheets of Examples 1 to 9 were
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revealed Lo have high copper foil-peeling strength, good
water absorption resistance and excellent solder heat
resistance.
[0129]

On the other hand, in Comparative Examples 1 to 6,
alt. least any one of the resin flow rate, the dielectric
iloss tangent, the glass transition temperature, the
copper foil-peeling strength, the water absorption
resistance and the solder heat resistance was poor. In
Comparative Example 1 using a mixture of a polyphenylene
ether with the terminal being unfunctionalized and a low-
molecular-weight ‘polyphenylene ether, the glass
transition temperature was low, the dielectric loss
tangent was high, and the water absorption resistance and
solder heat resistance were bad. 1In Comparative Example
2 using an unfunctionalized polyphenylene ether,
moldability was bad and starvation was generated in the
taminate sheel. In this Example, a laminate sheet strong
sulficient to withstand evaluation was not obtained and
therefore, other items could not be evaluated. In
Comparative Example 3 using a n unfunctionalized
polyphenylene ether and using a large amount of triacyl
isocyanurate, the dielecltric loss tangent was high and
the copper foll-peeling strength was low. In Comparative
Example 4 where an unfunctionalized polyphenylene ether
and a low-molecular-weight ‘benzylated polyphenylene ether
were mixed in a ratio of 50:50 (by mass), the glass
transition temperature was low, and the copper foil-
peeling strength and solder heat resistance were bad. In
Comparative Example 5 using an unfunctionalized
polyphenylene ether and a low-molecular-
weight -vinylbenzylated polyphenylene ether in a mixing
ratio of 46:54 (by mass), the copper foil-peeling
strength was low and the sclder heat resistance was bad.
In Comparative Example 6 using a low-molecular-
weight ‘vinylbenzylated polyphenylene ether, the copper

foil-peeling strength was low and the solder heat
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[0130]
[Reference Example]

With respect to the benzylated polyphenylene ether
in this disclosure, Reference Examples are set forth
below. In these Reference Examples, the number average
molecular welght is a value by GPC measurement performed
by the following method.

[GPC Measurement ]

The measurement was performed using Shodex GPC K-
806Lx3 for the column, chloroform at 40°C for the eluent,
and RI (refractometer) for the detector, and from the
relational expression of the molecular welght of a
standard polystyrene sample measured under the same
conditions and the dissolution time, the number average
molecular weight was calculated.

[Evailuation Test of Solubility of Benzylated
Polyphenylene Ether)]

A curable resin compoesition (Cl) was prepared by
mixing 8.1 g of benzylated polyphenylene ether, 3.5 g of
TAIC, 0.24 g ol styrene-based elastomer, and 0.70 g of
tert-bulylperoxyiscpropyl carbonate. The compositional
ratio between benzylated polyphenylene ether and TAIC of
Cl was [benzylated polyphenylene ether]/[TAIC|=69.8/30.2
[by mass]., CiL was mixed with 7.8 g of toluene, and the
mixture was stirred at room temperature {(23°C). In Table
2, when the benzylated polyphenylene ether was dissolved
after stirring for 6 hours, the solubility is rated
"passed", and when not dissolved, this is rated "failed".
[0131]

[Reference Example 1A]

A l-L flask was placed in an oil bath heated at 90°C,
and a nitrogen gas was introduced into the flask at 30
ml/min. Subsequent cperations were always performed
under a nitrogen gas stream. Thereto, 100 g of

polyphenylene ether and 300 g of toluene were charged and
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dissolved with stirring. Furthermore, a solution
obtained by dissolving 8 g of bisphenol A in 35 g of
methanol was added to the flask with stirring. After
continucusly stirring for 5 minutes, 0.3 ml of a mineral
spirit solution of 6 masgs$% cobalt naphthenate was added
by means of a syringe, and stirring was continued [or 5
minutes. Subsequently, a solution obtained by adding
112.5 g of teluene to 37.5 g of a benzoyl peroxide
solution and diluting the solution to a benzoyl peroxide
concentration of 10 mass% was put in a dropping funnel
and dropped in the flask over 2 hours. After the
completion of dropping, heating and stirring were further
continued for 2 hours to obtain a reaction solution (RL).
When 5 ml of RI was sampled and added to 100 mi of
methanol with stirring, a precipitate was obtained as a
brown solid. The precipitate was separated by {iltration
and dried to obtain a benzylated polyphenylene ether
(F1). As a result of analysis of Pl, the number average
molecular weight was 2,500, and the number of phenolic
hydroxyl groups per molecule was 1.9.
[0132]

The temperature of R1 was lowered to H0°C, and an
agqueous solution obtained by dissolving 34 g of sodium
hydroxide in 305 g of jlon-exchanged water and 3.1 g of
tetrabutylammonium lodide were added, followed by
stirring for 5> minutes. Furthermore, 107 g of benzyl
chloride was added, and stirring was continued for 4
hours al a temperature of 50° to obtain a reaction
solution (R2). When 5 ml of R2 was sampled and added to
100 ml of methanol with stirring, a precipitate was
obtained as a brown solid. The precipitate was separated
by filtration and dried to obtain a benzylated
polyphenylene ether (P2). As a result of analysis of P2,
the number average molecular weight was 3,000, and the
nurnber of phenolic hydroxyl groups per melecule was 0.01.
An evaluation test of solubllity of P2 was performed.

The result is shown in Table 2.
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[0133]
[Reference Lxample 2A]

A benzylated polyphenylene ether (P3) was obtained
by performing the production in Lhe same manner as in
Reference Example 1A exceplt for changing the amount of
benzyl chleoride to 53.5 g. As a result of analysis of
P3, the number average molecular weight was 2,800, and
the number of phenolic hydroxyl groups per molecule was
0.02. An evaluation test of solubility of P3 was
performed. The resullt is shown in Table 2.

[0134]
[Reference Example 3A]

A benzylated polyphenylene ether (P4} was obltalned
by performing the production in the same manner as in
Reference Example 1A except for changing the amount of
benzyl chloride to 26.8 ¢. As a resullt of analysis of
P4, the number average molecular weighlt was 2,700, and
the number of phenolic hydroxyl groups per molecule was
0.13. An evaluation test of solubility of P4 was
performed. The result is shown in Table 2.

[0135]
[Reference Example 4A]

A 1-L flask was placed in an oil bath heated at 90°C,
and a nitrogen gas was introduced into the flask at 3
ml/min. Subsequent operations were always performed
under a nitrogen gasg stream. Thereto, 100 g of
polyphenylene ether, 300 g of toluene and 1.0 g of 2,6~
xylenol were charged and disscolved with stirring. After
continuously stirring for 5 minutes, 0.3 ml of a mineratl
spirit solution of 6 mass% cobalt naphthenate was added
by means of a syringe, and stirring was continued for &
minutes. Subsequently, a solution obtained by adding
22.5 g of toluene to 7.5 g of a bhenzoyl peroxide solution
and diluting the solution to a concentration of 10 mass$
was put in a dropping funnel and dropped in the flask
over 2 hours. After the completion of dropping, heating

and stirring were further continued for Z hours to aobtain
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a reaction solution (R3). A solution obtained by
dissolving 8.0 g of cresol novolak skeleton phenol resin
in 48 g of butanol was added to R3 and after continuously
stirring for 5 minutes, a solution obtained by adding 75
g of toluene te 25 g of a benzoyl peroxide solution and
diluting it to a concentration of 10 mass% was pul in a
dropping funnel and dropped in the flask over 2 hours.
After the completion of dropping, heating and stirring
were further continued for 2 hours. The temperature of
this reaction solution was lowered to 50°C, and an aqueous
solution obtained by dissolving 34 g of sodium hydroxide
in 305 g of ion-exchanged water and 3.1 g of
tetrabutylammonium iodide were added, followed by
stirring for 5 minutes. Furthermore, 107 g of benzyl
chloride was added, and stirring was continued for 4
hours at a temperature of 50° to obtain a reaction
solution (R3}). When % ml of R3 was sampled and added to
100 ml of methanol with stirring, a precipitate was
obtained as a brown selid. The precipitate was separated
by filtration and dried to obtain a benzylated
polyphenylene ether (P5). As a result of analysis of PS5,
the number average molecular weight was 3,600, and the
numper of phenolic hydroxyl groups per molecule was G.07.
An evaluation test of scolubillity of P5 was performed.

The result is shown in Table 2.

[0136]

|[Reference Example bHA]

A benzylated polyphenylene ether (P6) was obtained
by performing the production in the same manner as in
Reference Lxample LA except for nob using
tetrabutylammonium iodide. As a result of analysis of
P6, the number average molecular weight was 3,000, and
the number of phenolic hydroxyl groups per molecule was
0.22. The result of an evaluation test of solubility is
shown in Table 2,

{0137]

[Reference Example 6A]
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A benzylated polyphenylene ether (P7) was obtained
by performing the production in the same manner as in
Reference Example 4A except for using 1.0 g of 2,6~
xylenol in place of the butanol solution of

9 cresol 'nevolak skeleton phenol resin. As a result of
analysis of P77, the number average molecular welight was
7,300, and the number of phenolic hydroxyl groups per
molecule was 0.01. The resullt of an evaluation test of
solubility 1s shown in Table 2.

10 [0138]

[(Reference Lxample 1B}

A benzylated polyphenylene ether (P8) was obtailned
by performing the production in the same manner as in
Reference Example 1A except for changing the amount of

15 benzyl chloride to 5.4 g. As a result of analysis of P8,

the number average molecular weight was 2,800, and the
number of phenolic hydroxyl groups per molecule was 1.1.
When an evaluation test of curing reactivity was
performed, the composition was scoft, and unreaclted TAIC

20 remained on the surface. The evalualtion resull of

solubllity is shown in Table 3.
[0139]
{Reference Example 2B]

A benzylated polyphenylene ether (P9} was obtained

25 by performing the production in the same manner as in

Reference Example 1A except for changing the amount of
benzyl chloride to 13.4 g. As a resull of analysis of
PS%, the number average molecular welghl was 2,900, and
the number of phenolic hydroxyl groups per molecule was
30 0.8. The evaluation result of solublility is shown in
Table 3.
[0140]
[Reference Example 3B]

An agueous solution obtained by dissolving 34 g of

35 sodium hydroxide in 305 g of ion-exchanged water and 3.1

g of tetrabutylammonium iodide were added to R3 obtained

by the same method as in Reference 4A, followed by



stirring for 5 minutes. Furthermore, 107 g of benzyl
chioride was added, and stirring was continued for 4
hours at a temperature of 50°C to obtain a benzylated
polyphenylene ether (P10). As a result of analysis of
P10, the number average molecular weight was 12,000, and
the number of phenclic hydroxyl groups per molecule was
0.01. When the above-described evaluation test of
solubility was performed, P10 was nolt dissolved

completely, and an insoluble portion was observed.
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[0144]

Embodiment examples of tThe present invention have
been described above, but the present invention is not
Limited to these embodiments, and varicus modifications
can be made therein without departing from the spirit and
scope of claims.
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[NAME OF DOCUMENT] Scope of Claim for Patent

[Claim 1] A curable resin composition comprising a
polyphenylene ether, wherein:

the average number of phenclic hydroxyl groups per
nolecule of saild polyphenylene ether is 0.3 or more,

the resin flow rate of said curable resin
composition at curing as measured under the following
conditions ig from 0.3 Lo 15%,

a sample for dielectric loss tangent measurement
produced from said curable resin composition under the
following conditions has a dielectric loss tangent at 1

GHz of 0.005 or less,

a sample Tor glass transition temperature
measurement produced from said curable resin composition
under the following conditions has a glass Lransition
temperature of 170°C or more,

assuming that two 150 mm-square prepreg sheets
obtained by impregnating a glass cloth specified by IPC
Style 2116 with said curable resin composition to have a
resin content of 60+2 mass% are stacked to obtain a
laminate sheet precursor and a laminate sheet is produced
by molding said laminate sheet precurscr under the
following condition (a) and removing the resin part
flowed out, said resin flow rate at curing is a value
calculated from the mass (g) of said laminate sheet and
the mass (g} of sald laminate sheet precursor according
to the following formula:

Resin flow rate {%) at curing = (mass (g) of
laminate sheet precursor - mass (g) of laminate
sheet} /mass (g) of laminate sheetl precursor x 100,

said sample for dielectric loss tangent measurement
is molded under the following condition (a) after
stacking 16 prepreg sheets obtained by impregnating a
glass cloth specified by IPC Style 2116 with the curable
resin composition to have a resin content of 60i2 mass$,

and
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sald sample for glass transition Lemperature
neasurenent is molded under the following condition (a)
after stacking 2 prepreg sheets obtained by impregnating
a glass cloth specified by IPC Style 2116 with the
curable resin composition to have a resin content of 60+2
mass%s,

Condition (a):

vacuum pressing 1s performed under the conditicon of
a pressure of 5 kg/cm® while heating at a temperature rise
rate of 3°C/min from room temperature; when reached 130°C,
vacuum pressing is performed under the condition of a
pressure of 30 kg/cm® while heating at a temperature rise
rate of 3°C/min; and when reached 200°C, vacuum pressing
is performed under the conditions of a pressure of 30
kg/em’ and a time for 60 minutes while maintaining the
temperature at 200°C.

[Claim 2] The curable resin composition according to
claim 1, wherein said polyphenylene ether contains (A-1)
a polyphenylene ether component having an average number
ol phenolic hydroxyl groups per molecule of less than 0.5
and having a number average molecular weight of 1,000 to
8,000, in an amount of 1 to 40 mass% based on the total
amount of the polyphenylene ether,

[Claim 3] The curable resin composition according to
claim 1, wherein said polyphenylene ether contains

(A-1} a polyphenylene ether component having an
average number of phenolic hydroxyl groups per molecule
of less than 0.5 and having a number average molecular
weight of 1,000 to 8,000, and

(A-2) a polyphenylene ether component having a
number average molecular weight in excess of 8,000,

the content of sald {(A-1) is from 1 mass% to less
than 40 mass% and the content of salid (A-2) is from more
then 60 mass?® to 99 mass%, based on 100 mass% of the
total mass of said (A-1) and said (A-2).

[Claim 4] The curable resin composition according to



20

claim 2 or 3, wherein said (A-1) polyphenylene ether

component having an average number of phenolic hydroxyl
groups per ncolecule of less than 0.5 and having a number
average moliecular weight of 1,000 to 8,000 1s a
benzylated polyphenylene ether having a structure in
which at leaslt one phenolic hydroxyl group at the
molecular terminal of a polyphenylene ether is
substituted with a benzyl group.

[Claim 5] The curable resin composition according to
any one of claims 1 to 4, containing (A) said
polyphenylene ether, (B) a monomer having two or more
vinyl groups within the molecule and (C) a reaction
initiator, wherein the content of said monomer (B) is
from 10 to 70 parts by mass and the content of said
reaction initiator (C) is from I to 10 parts by mass, per
100 parts by mass of the total of said polyphenylene
ether (A) and said monomer (B).

[Claim 6] The curable resin composition according to
claim 5, wherein said monomer (B} is triallyl
igocyanurate (TAICY.

[Claim 7] The curable resin composition according to
claim 5 or 6, further containing a flame retardant.

[Claim 8] A prepreg for a printed wiring board,
containing Lhe curable resin composition according to any
one of claims 1 to 7 and a base material.

[Claim 9] A printed wiring board, contalining a cured
product of the curable resin composition according to any

one of claims 1 to 7 and a base material.



