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SPECIFICATION

PREPREG FOR PRINTED WIRING BOARDS, RESIN VARNISH, RESIN
COMPOSITION, AND LAMINATE FOR PRINTED WIRING BOARDS PRODUCED
BY USING THESE SUBSTANCES

TECHNICAL FIELD

The present invention relates to the production of
prepregs and resin varnishes useful for the production of
printed wifing boards including multilayer printed wiring
boards. The present invention also relates to resin
compositions useful for the production of printed wiring
boards. The present invention further relates'to laminates
for printed wiring boards which are produced by using the

prebfegs'or the resin varnishes.

BACKGROUND ART

'As electronic instruments have been miniaturized
and improved in performance, the mounting density of
laminatés for printed Wirihg boards has been increased by
making the laminétes thinner and more multilayered and by
reducing the diameter and hole pitch of through holes. Thus
the requirements of laminates for ﬁeat resistance, drilling
processability and insulation properties are becoming more
strict. |

ﬂémiﬁétés are generally produced by impregnating a
base materiél with a resin varnish and drying to form a
prepreg, and supefposing a desired number of sheets of the

prepreg on each other with a mefal foil.superposed on one or
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both sides, énd.heating and pressing with a parallel heat
machine. Multilayer printed wiring boards are generally
produced by superposihg prepregs on each side of an inner
printed wiring board produced by circuit-patterning a double-
sided metal-clad laminate, and then superpoéing metal foil on
the prepregs, and then bonding the superposed composite with
heat and pressure between a parallel heat machine.

To improve the heat resistance and insulation
properties, the improvements in the properties of the cured
resins in the lamihates have widely been tried, for example,
by increasing the Tg (glass transition temperature) of the
resins. Such improvements in resin properties, however,
became insufficient to satisfy the required properties.

In parallel with the improvements in the resin
properties, a long-standing investigation has been made to
increase the base material/resin interfacial adhesion.
Interface control is a very important technique since the
degree of interfacial adhesion directly influences the
resistance against heat and moisture, drilling
processability, insulation properties and electrolytic
cofrosion resistance of laminates.

Another means is the addition of inorganic fillers.
Inorganic fillers are used not only as extenders but also for
improving dimensional stability and resistance against
moisture and heat, and selective use of specific fillers has'
recentiy been investigated to attain excellent properties,
such as high dielectric constant, efficient radiation and
high strength. However, fillers added to resin varnishes

precipitate slowly and should be'dispersed again by stirring
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or the like at the time 6f coating. When the precipitation
is considerable, the precipitated fillers cohere on the
bottom of containers, and become difficult to disperse by
stirring alone. During the production of prepregs, fillers
also precipitate in apparatuées where varnishes stay, for
example, in varnish taﬁks and impregnating tanks, and
gradually adhere to rolls, etc. This deteriorates the
appearance of prepregs considerably. In laminates, the
inhomogeneously dispersed fillers decrease the interfacial
adhesion between base materials and reéins or between the
fillers and resins, thereby deteriorating the drilling
processability and insulation properties.

A general method of improving the base
material/resin interfacial adhesion is the pretreatment of
base materials, such as glass woven fabric, with surface
treating agents, such as coupling agents. Prepregs are
produced by impregnating a surface-treated base material with
a resin varnish and then drying to semi-cure the resin.
During“the drying step, the reaction of the surface treating
agent on the surface of the base material with the resin
proceeds to soﬁe degree, and further proceeds during the
following heating step for forming.laminafes or multilayer
prinfed wiring boards, to increase the adhesion between the
base material and the resin. A known method of further
increasing the adhesion is tO-imprové the reactivity of
surface treating agents with resins by varying-the number and

kinds of the organic functional groups on the conventional

surface treating agents, such as silane coupling agents -

(Japanese Patent Application Unexamined Publication No. 63-
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230729 and Japanese Patent Application Examined Publication

No. 62-40368). The improved reactivity with resins, however,
merely gives a rigid and thin layer on the interfaces, and
cannot decrease the residual stress set up on the interfaces
andlcannot improve the adhesion remarkably.

Another method of improvements, including a
reduction of the residual stress on interfaces, is the use of

surface treating agents together with long chain

polysiloxanes which reduce such stress (Japanese Patent

Application Unexamined Publication Nos. 3-62845 and 3-
287869). The method, however, is far from effective in
increasing the interfacial.adhesion since the reactivity of
surface treating agents with long chain polysiloxanes is very
poor under usual treating conditions, long chain polysiloxane
have no alkoxyl groups reactive to base materials, and the
hydrophobic groups, such as methyl groups, on long chain
polysiloxanes disturb the impregnation of base materials with
the long chain polysiloxanes.

It has also been tried to improve the

.dispersibility of fillers by using fillers treated with

surface treatihg agents, such as coupling aéents. However,
commercially available surface-treated filleré are expensive,
and the kinds thereof are too little to select é proper
filler for each of various resin blends. For further
improvements in functions, the amount of fillers blended in
resins is now increasing. As the amount of fillers
ihcreases, the above-described precipitation and adhesion to
rolls become more considerable, requiring further

improvements in dispersibility and thixotropy. The
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conventional treatments with coupling agents canndt satisfy
such réquirements.

In addition, the treatments of fillers with surface
treating agents are generally performed by dipping or
spraying using diluted solutions of the surface treating
agents, followed by drying with heat. The drying step raises
two pfoblems, namely; the formation of physically adsorbed
layer of oligomerized coupling agents on the filler surfaces,
and the cohesion of fillers, which necessitates grinding at
the time of blending with resin varnishes. Such grinding
roughens the surface treating agent layers on fillers. The
physically adsorbed layers and the uneven layers of surface
treating agents decrease the interfacial adhesion in
laminates.

It is also proposed in Japanese Patent Application

Unexamined Publication No. 61-272243 to add coupling agents

~directly into resin varnishes under preparation. The layers

formed from commercial coupling agents are also too rigid and
thin to improve the interfacial adhesion between base
material/resin. On the other hand, this méthod somewhat
prevents the cohesioﬁ of fillers because of the high

viscosity of the resin varnishes containing resins. From the

- viewpoint of the filler/resin interfacial adhesion, the

coupling agents cannot align selectively and uniformly on the
filler surfaces, and cannot bond the fillers and resins
sufficiently. |

Fig. 1 shows a schematic view illustrating an ideal
state of the surfaces of base materials or fillers which are

treated with conventional silane-coupling agents. Chemically
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adsorbed silicone chains 2 (silicone chains adsorbed via
chemical bonding with base materials or fillers) form a layer
of a certain thickness on the surface of a base material or
inorganic filler 1, and improve the adhesion to a resin layer
4. The layer of chemically adsorbed silicone chains 2 bears
physically adsorbed silicone chains 3 (silicone chains having
no chemical bonds with the base material or filler) thereon.
However, it is commonly recognized that the state as shown in
Fig. 2 is the actual state made by industrial surface
treatments of base materialé or fillers, which are performed
in a short time.- That is, even the chemically adsorbed
silicone chains 2 do not cover the surface of the base
material or filler 1 uniformly, and there are many physically
adsorbed silicone chains 3, which are easily eluted into the
resin layer 4. Such a defective chemically adsorbed layer
cannot fully exhibit its bonding function. The physically
adsorbed layer may inhomogenize and weaken the resin which is
cured near the interface, and may rather decrease the
adhesion.

In Japanese Patent Application Unexamined
Publication Nd. 1-204953 is proposed to solve such éroblems

by treating inorganic fillers with a linear polysiloxane

-which has both trialkoxyl groups reactive to inorganic

fillers and organic functional groups reactive to resins. As
shown in Fig. 3, chemically adsorbed linearly long
polysiloxane chains 6 tend tq lie on the fillér surface due
to the alignment of hydrophobic groups, such as methyl
groups, and hardly penetrate into the resin layer 4. Also

such long chains bond to the inorganic filler surface at
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several sites per molecule and tend to form a rigid layer.

.Even if penetrated into the resin, the siloxane chains are

surrounded by the resin, and the decrease in the interfacial
stress does not correspond to the chain length. Further, the
physically adsorbed long polysiloxane chains 7 easily form
large cyc}ic chains 5, which tend to deteriorate the

properties of cured resins.

DISCLOSURE OF INVENTION

" The objeet of the present invention is to solve the
above-described problems in the prior arts by providing novel
means for improving the interfacial adhesion between base
materials or inorganic fillers with resins, thereby enabling'
the production of laminates and multilayer printed wiring
boards which are excellent in drilling processability and
insulation properties.

The inventors found that the above-described
problems can be solved by using, as surface treating agents
for base materials and inorganic_fiilers, a silicone oligomer
having functional groups reactive to the hydroxyl groups
which are present structurally or by moisture absorption on
the surfaces of base materials and fillers, or by ueing novel
method for producing resin varnishes containing inorganic
fillers treated with such a silicone oligoﬁer, and have
consequently completed the present invention.

That is, the present invention provides a method of
producing a prepreg for printed wiring boarﬂs, comprising
treating a base material with a silicone oligomer having at

least one functional end group reactive to a hydroxyl group,
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impregnating the treated base material with a resin varnish,
and drying the impregnated base material.

The present invention also provides a laminate for
printed wiring boards (hereinafter, it may be called
"laminate (a)"), which is produced by superposing two or more
‘sheets of the above-described prepreg, with a metal foil
superpoéed on one or both sides of the superposed sheets of
the prepreg, to form a superposed composite, and then bonding
the superposed composite with heat and bressure.

The pfesent invention further provides a method of
producing a resin varnish for printed wiring boards |
comprising dipping an inorganié filler in a treating liquid
for surface treatment, and then compounding a resin material
directly with the treating liquid containing the treated
inorganic filler, wherein the treating liquid comprises a
silicone oligomgr dissolved in a solvent, and the silicone
oligomer contains at least one kind of siloxane units
selected from trifunctional siloxane units (RSiO,,,) and
tetrafunctional siloxane units (SiO,,,), wherein each R is an
organic group and the organic groups R in the silicone
oligomer are identical ﬁith or different from one another,
has a polymerization degree of 2 to 70, and-has at least one
functional end group reactive to a hydroxyl group.

The present invention also provides a laminate for
printed wiring boards (hereinafter, it may be called
"laminate (b)"), which is produced by impregnafing a base
material with the resin varnish producéd by the above
described method, drying the impregnated base material to

form a prepreg, superposing two or more sheets of the
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prepreg, with a metal foil superposed on one or both sides of
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the superposed sheets of the prepreg, to form a superpdsed
composite, and then bonding the superposed composite with
heat and pressure.

The present invention further provides a resin
composition for printed wiring boards (hereinafter, it may be
called "resin composition for printed wiring boards (A)" or
"resin composition (A)") comprising a resin material and a
silicone oligomer which contaihs at least oﬁe kind of
siloxane units selected from trifuﬁctional siloxane units
(RSi0,,;) and tetrafunctional siloxane units (SiO,,,), wherein
each R is an organic group and the organic groups R in the
silicone oligomer are identical with or different from one
another, has a polymerization degree of 2 to 70, and has at
least one functional end group reactive to a hydroxyl group.-

The présent invention also provides a laminate for
printed wiring boards (hereinafter, it may be called
"laminate (c)"), which is produced by impregnating a base
material with thé resin composition (A), drying the
impregnated base material to form a prepreg, superposing two
or more sheets of the prepreg, with a metal foil superposed
on one or both sides of the superposed sheets of the prepreg,
to form a superposed composite, and then bonding the
superposed composite with heat and pressure.

The present invention further provides a resin
composition for printed wiring boards (hereinéfter, it may be -
called "resin composition for printed wiring boards (B)" or
"resin composition (B)") comprising a resin material and an

inorganic filler treated with a silicone oligomer which
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contains at least one kind of siloxane units selected from
trifunctional siloxane units (RSiOuz)'and tetrafunctional
siloxane units (SiO,,,), wherein each R is an organic group
and the organic groups R in the silicope oligomer are
identical with or different from one another, has a
polymerization degree of 2 to 70, and has at least one
functional end group reactive to a_hydroxyl;group.

The present invention also proﬁides a laminate for
printed wiring boards (hereinafter, it may be called
"laminate (d)"), which is produced by impregnating a base
material with the resin composition (B), drying the
impregnated'base-material to form a prepreg, superpoéing two
or more sheets of the prepreg, with a metal foil supérposed
on one or both sides of the superposed sheets of the prepreg,
to form a superposed composite, and.then bonding the

superposed composite with heat and pressure.

BRIEF DESCRIPTION OF DRAWINGS
Figs..l to 4 are schematic views illustrating the
states of the interfaces between resins and base materials or

inorganic fillers treated with surface treating agents.

BEST MODE FOR CARRYING OUT THE INVENTION
Mgthod of producing prepregs for printed wiring boards

In the method of producing prepregs for printed
wiring boards according to the present invention, first a
base material is treated with a silicone oligomer héving at

least one functional end group reactive to a hydroxyl group.

Base materials which may be used ih the present
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invention may be those commonly used for the production of

metal-clad laminates or multilayer printed wiring boards, and

are generally fiber base materials, including woven fabrics
and non-woven fabrics. Non-limiting examples of the fiber
base materials are inorganic fibers, such as glass fiber,'
alumina fiber, asbestos fiber, boron fiber, silica alumina
glass fiber, silica glass fiber, tyranno fiber, silicon
carbide fiber, silicon nitride fiber, zirconia fiber and
carbon fiber, organic fibers, such as aramid fiber,
polyetheretherketone fiber, polyetherimide fiber,
polyethersulfone fiber and cellulose fiber, and mixed fibers
thereof, and the particularly preferred example is a woven
fabric of glass fibers.

' The surface state of the base materials to be
treated with the silicone oligomers is not limited, and may
have been pretreated with conventional surface treating
agents, such as silane coupling agents. It is generally

preferable to use base materials which have not been treated

. with other conventional surface treating agents and have on

their surfaces hydroxyl groups which react with the silicone
oligomer;

ihe silicone oligomers which may-be used in the
present invention are not limited in'molecular weight and
structure so far as they have at least one functional end
group reactive to the hydroxyl groups on base materials.
Preferred examples of the functional end groués reactive to
the hydroxyl groups on the surfaces of base materials are
alkoxyl groups of one or two carbon atoms or silanol gfoup.

Preferred silicone oligomers contain at least one

L Wi



10

15

20

25

THIS SHEE™ “AS BEEN This Sheet Has Been Rei

i laced
LI 1T T

12
kind of siloxane units selected from the group consisting of

difunctional siloxane units (R,Si0,,,, wherein R is an organic
group, for example, an alkyl group of one or two carbon

atoms, namely methyl or ethyl, an aryl group of 6 to 12

carbon atoms, such as phenyl, and vinyl, and the R groups in

the silicone oligomer may be identical with or different from
one another), trifunctional siloxane units (RSiO;,,) and
tetrafunctional siloxane units (SiO,,,), have a polymerization
degree of 2 to 70 (conversion from weighf average molécular
weight determined by GPC). Silicone oligomers of
polymerization degrees of higher than 70 may cause uneven
treatment to decrease heat resistance.

The difunctional, trifunctional and tetrafunctional
siloxane units represented, respectively, by R,8i0,,,, RSiO,,

and Si0,,, have the following structures:

R R o-

| I |
-0-8i-0- , -0-8i-0- , -0-Si-O-

l | |

R 0- 0-

Preferred silicone oligomers are three-
dimensionally crosslinked oligomers, which comprise at least
one kind of siloxane units selected from difunctional
siloxane units, trifunctional siloxane units and
tetrafunctional siloxane units and contain'at.least one kind
of siloxane units selected from trifunctional siloxane units
and tetrafunctional siloxane units. That is, the preferred

silicone oligomers comprise only trifunctional siloxane
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units, or only tetrafunctional siloxane units, or _
difunctional siloxane units and trifunctional siloxane units,
or difunctional siloxane units and tetrafunctional siloxane
units, or trifunctional siloxane units and tetrafunctional
siloxane units, or difunctional siloxane units, trifunctional
siloxane units and tetrafunctional siloxane units. Further,
tetrafunctional siloxane units are preferably 15 mol% or
more, more prefefably 20 to 60 mol%, based on total siloxane
units. To coat the surfaces of base materials with a highly
three-dimensionally crosslinked layer, it is preferable to
use silicone oligomers containing trifunctional siloxane
units and/or tetrafunctional siloxane units preferably and
having a polymerization degree of 6 to 70, hore pieferably 10
td 50. Such silicone oligomers are synthesized, for example,
by .polycondensing one or more kinds of chlorq or
alkoxysilanes corresponding to the desired siloxane units, in
the presence of water and acid catalysts. The
polycondensation is carried out to such a degree that the
resulting silicone oligomers are not gelified before surface'
treatment, by varying or controlling the reaction
temperature, thé reaction time, the compositions of the
oligomers, and the kind and amount of the catalysts.
Suitable catalefs are, for example, acetic acid,
hydrochloric acid, maleic acid énd phosphoric acid.

Although the method of treating base materials,
including the composition of the treating liqﬁid containing
the silicone oligomers and the treating conditions, is not
particularly limited, the adhesion amount of the silicone

oligomers on base materials is preferably 0.01 to 5 % by
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weight, m&re preferably 0.05 to 2.00 % by weight. Herein,
the adhesion amount of surface treating agénts means the
percentage of the weight of the surface treating agents
adhering to base materials or inorganic fillers, based on the
weight.of the base materials or inorganic fillers. An
adhesion amount of-less than 0.01 % by weight may be
ineffective in improving interfacial adhesion, and an
adhesion amount of more than 5 % by weight may deteriorate
heat resistance.

The treating liquid used for treating base
materials may contain, in addition to the silicone oligomers,
solvents and ad&itives iﬂcluding coupling agents, such as
silane coupling agents and titanate coupling agents.

Examples of the silane coupling agents which may be used
include epoxysilane coupling agents, such as y-
glycidoxypropyltrimethoxysilane, aminosilane coupling agents,
sﬁch as N-B-(N-vihylbenzylaminoethyl)-y-aminopropyl—
trimethoxysilane!hydrochloride, cationic silane coupling
agents, vinylsilane coupling agents, acrylsilane coupling
égents, mercaptosilane coupling agents, and mixtures thereof.
An example of the titanate coupling agents is
isopropyltris(dioctylpyrophosphate) titanate. The adhesion
amounts of - these coupling agents are not particularly
limited. The surface-treatment of base materials with silane
coupling agents or titanate coupling agents may also be
carried out before or after the treatment witﬁ the silicone
oligomers. In such cases, the adhesion amount of coupling
agents is preferably 5 % by weight or less, more preferably

0.01 to 5 % by weight. To stabilize these components, the
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treating liquid may contain acids, such as acetic acid,
phosbhoric acid, maleic acid, hydrochloric acid and sulfuric
acid. The amount of the acids is not particularly limited,
and is generally such that the treating liqgid is adjusted to
a Ph of 3 to 6.

Althoﬁgh the method of treating base materials,
iﬁcluding the cbmposition of the treating liquid containing
the silicone oligomers and the treating conditions, is not
particularly limited, it is desirable to dip base materials
in a treating liquid containing silicone oligomers dissolved
in solvents, followed by drying at 50 to 200°C, preferably 80
to 150°c, for 5 to 60 minutes, preferably 10 to 30 minutes.
In cases where solvents are used, the amount of the solvents
are pot particularly limited, but are desirably such that the
concentration of the solids, such as silicone oligomers, is'
0.01 to 50 % by weight, preferably 0.05 to 10 % by weight.
The solvents are not particularly limited, and preferred
examples include water, alcohols, such as methanol and
ethanol, and ketones, such as methyl ethyl ketone and methyl
isobutyl ketone.

The base materials treatéd with the silicone
oligomer are then impregnated with resin varnishes and dried,
to give prepregs.

Resin varnishes generally contain resins, or resins
and curing agents therefor, as essential components. Resin
varnishes, according to demands, may further dontain, for
example, solvents, cure accelerators for acqelerating the
reactions of the resins.and the curing agents, and inorganic

fillers.
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Resins which may be used in the presenf invention
for the production of prepregs are not particularly limited,
and some examples include epoxy resin, polyimide resin,
triazine resin, phenolic resin, melamine resin and modified
resins therefrom. These resins preferably have a weight
average molecular weight of ZQO to 100,000, more preferably
200 to 10,000. Preferred epoxy resins have an epoxy

equivalent weight of 100 to 5,000, more preferably 150 to

'600. These resins may be used individually or as a mixture

of two or more.

Curing agents may be selected from various known
ones, and when epoxy resins are used as resins, for example,
dicyandiamide, diaminodiphenylmethane,
diaminodiphenylsulfone, phthalic anhydride, pyromellitic
anhydride, and polyfunctional phenols, such as phenol novolac
and creéol novolac, are suitable. Cure accele:ators are not
particularly limited and are, for example, imidazole
compounds, organic phosphorus cbmpounds, teitiary amines and
quaternary ammonium salts, and these may be used individually
or as a mixture of two or more.

The amounté.Of the curing agents and cure
accelerators depend on the kinds and combinations of the
resins and curing agents, or the like. The amount of curing
agents is generally 0.1 to 200 parts by weighf, preferably
3.0 to 100 parts by weight, per 100 parts by weight of the
resins, and the amount of cure accelerators is generally 0.01
to 10.0 parts by weight, preferably 0.1 to 5.0 parts by
weight, per 100 parts by weight of the resins.

Solvents which may be used are not limited, and
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some eﬁamples include alcohols, such as methanol and ethanol,
ethers, such as ethylene glycol monomethyl ether, ketones,
such as acetone, methgl ethyl ketone and methyl isobutyl
ketone, amides, such as N,N-diﬁethylformamide, aromatic
hydrocarbons, such as toluene and xylene, esters, such as
ethyl acetate, and nitriles. These may be used individually
or as a solvent mixture of two or more. |

Inorganic fillers which may be used are not
limited, and some examples include calcium carbonate,
alumina, titanium oxide, mica, aluminum carbonate, aluminum
hydroxide, magnesium silicate, aluminum silicate, clay, such
as calcined clay, talc, silica, glass short fiber and various
whiskers, such as aluminum borate whisker and silicon carbide
whisker. These may be used individually or as a mixture of
two or more. The amount of inorganic fillers is not limited,
and is desirable 1.0 to 500 parts by weight, preferably 10 to
100 parts by weight, per 100 parts by weight of the resins.
The inorganic fillers are not particularly limited in shape
and particle size, and the particlé size is desirably 0.01 to
50 uym, preferably 0.1 to 15.0 pm. '

The surface-treated base materials are impregnated
with a resin varnish which is a blend of the above-described
components, by dipping, coating, spraying or the like, and
then dried to give prepregs for printed wiring boards.
Although the drying température and time depend on the
composition of the resin varnish, the drying étep is
generally performed at a temperature of 80 to 200°C,
preferably 100 to 180°C, which is not lower than the

temperature at which the solvents, if any, can evaporate, for



10

15

20

25

18
3 to 30 minutes, preferably 5 to 15 minutes.

According to the present invention, prepregs are
produced by using base materials which have been previously
treated with a silicone oligomer havihg at least one
functional end group reactive to the.hydroxyl group present
on the surfaces of base materials. In laminates or
multilayer printed wiring boards producedlby using the
prepregs, the silicone oligomer works as a cushion between
the baseée materials and cured resins, while the conventional
coupling agents including silane coupling agents form a rigid
and thin layer. Thus the silicone oligomer layer relieves
the contortion on the interface between the base materials
and the cured resins, to allow the resins to exhibit their

excellent adhering properties.

Laminates (a) for printed wiring boards

The laminate (a)'of the present invention is useful
for the production of printed wiring boards and is produced
by superposing two or more sheets of a prepreg proéuced as
above, with a metal foil superposed on ohe or both gides of
the superposed sheets of the prepreg, to fo:m a superposed
composite, and then bonding the superposed composite with
heat and pressure.

By heating and pressing the superposed prepreg,
with metal foil superposed on one side, a single-sided metal-
clad laminate is produced. By ﬁeating and préssing the
superposed prepreg, with metal foil superposed on both sides,
a double-sided metal-clad laminate is pfoduced. The metal

foil may be selected without limitation from those commonly
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used for the production of printed wiring boards, and copper
foil is generally suitable. In general, the bonding is
suitably performed by heating at a temperature of 150 to 200
C for 30 to 150 minutes with pressing at 1 to 10 MPa.

Fig. 4 is a schematic view illustrating the state
of the interface between a base material 1 and a resin layer
4 in a laminate which is produced by using a pfepreg produced
by the method of the present invention, particularly a
prepreg produced by using a three—dimensionélly crosslinked
siiicone oligomer containing trifunctional siloxane units
and/or tetrafunctional siloxane units. The three-
dimensionally crosslinked silicone oligomer.B is chemically
adsorbed uniformly on the surface of the base material 1 to
coat the base material surface completely, and cushions the
distortion on the interface between the base material and the
resin layer, to allow the resin to exhibit its excellent

adhering function.

Method of producing resin varnishes for printed wiring boards

In the method of producing resin varnishes for
printed wiring board according to the present invention,
after an inorganic filler is dipped for surface treatment in
a treating liquid which comprises a solution of a silicone

oligomer containing at least one kind of siloxane units

selected from trifunctional siloxane units (Rsio;,;) and

tetrafunctional siloxane units (SiO,,,), wherein each R is an
organic group and the organic groups R in the silicone
oligomer are identical with or different from one another,

having a polymerization degree of 2 to 70, and having at
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least one functional end group feactive to a hydroxyl group,
a resin material is directly_compounded with the. treating
liquid containing the treated inorganic filler.

Generally, the silicone oligomers which may be used
in this method are three-dimensionally crosslinked silicone
oligomers. For example, preferred silicone oligomers
comprise only trifunctional siloxane units, or only

tetrafunctional siloxane units, or difunctional siloxane

units and trifunctional siloxane units, or difunctional

siloxane units and tetrafunctional siloxane units, or
trifunctional siloxane units and tetrafunctional siloxane
units, or difunctional siloxane units, trifunctional siloxane
units and tetrafunctional siloxane units. Further,
tetréfuncfional siloxane units are preferably 15 mol% or
more, more preferably 20 to 60 mol%, based on total siloxane
units. To coat the inorganic filler surface with a highly
three—dimensionally crosslinked layer, it is preferable to
use silicone oligomers containing trifunctional siloxane
units and/or tetrafunctional siloxane units and having a
polymerization degree of 6 to 70, more preferably 10 to 50.

In the method of present invention, conventional
coupling agents may also be used as surface treating agents
together with the silicone oligomers. Such coupling agents
are, for example, silane coupling agents and titanate
coupling agents. Some examples of the silaﬁe coupling agents
which may be uséd.include epoxysilane coupling agents, such
as y-glycidoxypropyitrimethoxysilane, aminosilane coupling

agents, such as N-B-(N-vinylbenzylaminoethyl)-y-

'aminopropyltrimethoxysilane‘hydrbchloride,.cationic silane
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coupling agents, vinylsilane coupling agents, acrylsilane
coupling agents, mercaptosilane coupling agents, and mixtures
thereof. An example of the titanate coupling agents is
isopropyltris(dioctylpyrophosphate) titanate. These may be
used individually or in a combination of two or more in
desired ratios.

In cases where such coupling agents are used
together with the silicone oligomers, the weight ratio of
coupling agent:silicone oligomer is not particularly limited,
and, to make both fully exhibit their respective properties,
is desirably 0.001:1 to 1:0.001, preferably 0.001:1 to 1:1.

The above—described direct compounding method is
also effective to some degree in improving the dispersibility
of inorganic fillers treated with conventional coupling
agents. alone.

Solvents which may be used to prepare the treating
liquid are not particuléfly limited, and some examples
include alcohols, such as methanol ahd ethanol, ethers, such
as ethylene glycol monomethyl ether, ketones, such as
acetone, methyl ethyl ketone and methyl isobutyl ketone,
amides, such as N;N-dimethylformamide,.aromatic hydrocarbons,
such as toluene and xylene, ethers, such as ethyl acetate,
nitriles and water, which may be used individually or as a
solvent mixture.of two or more. The solid concentration in
the treating liguid is not particularly limited and may be
véried depending on the kinds of the surface treating agents
used and on the desired adhesion amount of inorganic fillers.
Generally, a suitable solid concentration is 0.1 to 50 % by

weight, preferably 0.1 to 20 % by weight. If the solid
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concentration is less than 0.1 % by weight, the surface-
treatment may take little recognizable effect, and a solid
concentrafion of more than 50 % by weight may induce a
deterioration in heat resistance or the like.

Inorganic fillers which may be used in the present
invention are not limited, and non-limitative and preferred
examples afe as exemplified above.

The method of the present iﬁvention is
characterized in that after inorganic fillers are treated in
a treating liquid, no drying is carried out, but resin

materials are compounded directly with the treating liquid to

- produce a resin varnish. The temperature and time of the

surface-treatment is not limited and may be varied depending
on the kinds of the inorganic fillers and the surface
treating agents used. It is generally suitable to carry out
the treatment at a temperature ranging from room temperature
to 80°C for 30 minutes or more, preferably 30 to 120 minutes.

Resin materials which may be used in the present
invention are not particﬁlarly limited, and resin materials
which comprise the resins or the resins and the curing agents
as exemplified above are generally used. The resins may be
used individually or as a mixture of two or more, and,
according to demands, cure accelerators may also be added
thereto. A resin material comprising these components is.
directly compounded with ahd dissolved into the treating
liquid containing the treated inorganic fillefs.

Cure accelerators may be selected from known ones,
and the preferred examples are as exemplified above. The

ratios of the resins, inorganic fillers, curing agents and
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cure accelerators in resin varnishes are also as described
above.

At the time of compounding resin materials with the
treating liquids to produce resin varnishes, solvents may
further be added to control the non-volatile solid
concehtration. The solvents are not limited, and some
examples are acetohe, methyl ethyl ketone, foluene, Xxylene,
methyl isobutyl ketone, ethyl acetate, ethylene glycol
monomethyl ether, N,N-dimethylformamide, methanol and
ethanol, which may be used individually or as a mixture of
two or more. The amount of the additional solvents is not
particularly limited, and is preferably such that the non-
volatile solid concentration is 20 to 90 % by weight, more
preferably 50 to 80 % by weight.

According to the method of the present invention -
where resin varnishes are produced by directly compounding a
resin material with a treating liquid in which inorganic
fillers were treated and are kept stay without separation nor
drying, the inorganic fillers do not cohere but disperse
uniformly in resin varnishes, so that the layer of the
surface treating agents are ﬁaintained uniform on the
inorganic filler surfaces. Since the compatibility of the
surface treated inorganic fillers with resins is also |
improved, . the blending amount of inorganic fillers can be
increased. Further, this method is free from the formation
of physically adsorbed layers which are formed by the
oligomerization of conventional coupling agents and adversely
affect the interfacial adhesion, and is also free from the

uneven surface treatment layers. Further, prepregs with good
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appearance can be obtained since the precipitation of
inorganic fillers in varnish tanks, etc. or adhesion thereof
to rolls are prevented effectively. Wheﬁ used for the
production of 1aminatés, the resin varnishes produced by this
method improve the interfacial adhesion in the laminates, and
give laminates which are excellent in drilling processability

and insulation properties, including electrolytic corrosion.

The inorganic filler/resin interfaces in the laminates

produced by using thé resin varnishes are also in the state

as shown in Fig. 4.

Laminates (b) for printed wiring boards

The laminate (b) of the present invention is useful
for the production of printed wiring boards and is p;oduced
by impregnating a base material with a resin varnish for
printed wiring boards produced by the above-described method
and drying the impregnated base material to form a prepreq,
superposing two or more sheets of the, with a metal foil
superposed on one or both sides of the superposed sheets of
the prepreg, to form a superposed composite, and then bonding
the superposed composite with heat and pressure.

The method of impregnating the base material with
the resin varnish is not pafticularly limited, and, for
example, dipping, coating or spraying is suitable. The base
material may be selected without limitation from those
commonly used for the ptoduction of metal-clad laminates or
multilayer printed wiring boards, and suitable examples are
as exemplified above. Woven or non-woven fabric of glass

fiber is preferable.
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The base material impfegnated with the resin
varnish is then dried, for example; in a drying furnace, at
80 to 200°C, preferably 100 to 180°C, for 3 to 30 minutes,
preferably 5 to 15 minutes, to form a prepreg.

Plural sheets of the prepreg are superposed on each
other, with metal foil superposed on one or both sides of
the superposed prepreg, and then bonded with heat and
pressure, to produce the single-sided or double-sided metal-
clad laminate (b) of the present invention. The bonding step
is generally carried out at 150 to 200°C, at a pressure of 1

to 10 MPa, for 30 to 150 minutes.

Resin compositions (A) for printed wiring boards

The resin composition (A) of the present invention
is useful for the production of printed wiring boards and
comprises a resin material and a silicone oligomer which
contains at least one kind of siloxane units selected from
trifunctional siloxane units (RSiQ,,,) and tetrafuncfional
siloxane units (Si0Q,,,), wherein each R is an organic group
-and the organic groups R in the silicone oligomer are
identical wifh or different from one another, has a
polymerization degree of 2 to 70, and has a£ least one
functional end group reactive to a hydroxyl group.

Resin materials which may be used in the present
invention generally comprises resins or resins and curing
agents therefor. The resins are not particularly limited,
and the resins és exemplified above are generally used, and
the curing agents as exemplified above are generally used.

Cure accelerators may also be incorporated according to
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demands. Examples of the cure accelerators are as

- exemplified above. The amounts of curing agents and cure

accelerators depend on, for example, the combination of those
ahd resins. The desirable blending ratios are as described
above.

Generally, the resin compositions (A) of the

. present invention contain three-dimensionally crosslinked

silicone oligomers.

For example, preferred silicone oligomers comprise
only trifunctional siloxane units, or only tetrafunctional
siloxane units, or difunctional siloxane units and
trifunctional siloxane units, or difunctional siloxane units
and tetrafunctional siloxane units, or trifunctional siloxane
units and tetrafunctional siloxane units, or difunctional
siloxane units, trifunctional siloxane units and
tetrafunctional siloxane units. Further, tetrafunctional
siloxane units are preferably 15 mol% or more, more
preferably 20 to 60 mol%;-based on total siloxane units. To
coat the base material surface with a highly three-
dimensionally crosslinked layer, it is preferable to use
silicone oligomers which contain trifunctional siloxane units
and/or tetrafunctional siloxane units, and have a
polymerization degree of 6 to 70, more preferably 10 to 50.
Silicone oligomers with polymerization degrees of higher than
70 may form uneven layers on the base material surface.

The amount of the siliconé oligomers is not
particularly limited, and is preferably 0.1 to 50 pafts by
weight, more preferably 0.1 to 20 parts by weight, per 100

parts by weight of the resins. If the amount of silicone
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oligomers is less than 0.1 part by weight, the improvement in
interfacial adhesion may be insufficient, and if it is more
than 50 parts by weight, there may occur an decrease in heat
resistance. |

In addition to the silicone oligomers, additives,

such as various coupling agents, may also be blended.

Suitable coupling agents are, for example, the silane
coupling agents-aﬁd titanate coupling agents exemplified
above.. The amount of such coupling agents, if any, is not
particulafly 1iﬁited, and is generally 0.001 to 50 parts by
weight, preferably 0.001 to 20 parts by weight, per 100 parts
by weight of the resins.

The resin compositions (A) of the present invention
may further contain inorganic fillers. Inorganic fillers
which may be used are not particularly limited, and examples
are as exemplified above. The amount of the inorganic
fillers are not particularly limited, and preferred amount is
as disclose& above. |

The resin compositions (A) of the present invention
may be used in various forms, and when used as resin
Qarnishes for coating or impregnatihg base materials, it may
be used as diluted solutions dissolved in solvents. The
solvents are not limited, and some examples are acetone,
methyl ethyl ketone, toluene, xylene, methyl isobutyl ketone,
ethyl acetate, ethylene glycol monomethyl ether, N,N-.
dimethylformamide, methanol, ethanol and water, which may be
used individually or as a mixture of two or more. The amount
of the solvents is not particularly limited, and is

preferably such that the non-volatile solid concentration is
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20 to 90 % by weight, more preferably 50 to 80 % by weight.

Laminates (c) for printed wiring boards

The laminate (c) of the present invention is useful
for the production of_printed wiring boards and is produced
by impregnating a base material with the resin compositioﬁ
(A) and drying the impregnated base material to form a
prepregq, superpqsing two or more sheets of the prepreg, with
a metal foil superposed on one or both sides of the
superposed sheets of the prepreg, to form a superposed
composite, and then bonding the superposed composite with
heat and pressure.

The method of impregnating base materials with the
resin composition (A) is not particularly limited. For
example, solvents and other additives are added according to
demands to produce a resin varnish, and a bése materiallis
impregnated with the resin varnish by dipping, coating or
spraying. The base materia; may be selected without
limitation from those commonly used for the production of
metal-clad laminates or multilayer printed wiring boards, and
suitable examples are as exemplified above. Woven 6r non-
woven fabric of glass fiber is preferable.

The base material impregnated with the resin
varnish is then dried, for example, in a drying furnace, at
80 to 200°C (in cases where solvents are used, at a
temperature not lower than the temperature at which the
solvents can evaporate), preferably 100 to 180°C, for 3 to 30
minutes, preferab;f 5 to 15 minutes, to form prepreg.

Plural sheets of the resulting prepreg are
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superposed on each other, with metal foil superpoSed on one
or both sides of the superposed prepreg, and then bonded with
heat and pressure, to produce the single-sided or double-
sided metal-clad 1aminate (c) of the present invention. The
bonding step is generally carried out at 150 to 200°C, at a
pressure of 1 to 10 MPa, for 30 to 150 minufes.

The resin compositions (A) of the present invention
contain a three-dimensionally crosslinked silicone oligomer
having'functional end groups reactive to the hydroxyl groups
on the surfaces of base materials and inorganic fillers.
Therefore, the layers of surface treating agents formed on
the base material/resin interface and on the inorganic
filler/resin interface are not such a thin and rigid layer as
that formed by convenfional silane coupling agents or the
like, but rather cuéhioning layers of the crosslinked

silicone oligomer, which relieve the distortion occurring on

" the interfaces and allow resins to fully exhibit their

excellent ‘adhesion function. The laminates and multilayer

_printed wiring boards produced by uSing'the resin

compositions (A) of the presént invention, therefore, are
excellent in drilling processability and insulation
properties.

The base material/resin interface and the inorganic
filler/resin interface in the laminates produced by using the
resin compositions (A) are also in the state as shown in Fig.

4.

Resin compositions (B) for printed wiring boards

The resin composition (B) of the present invention
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is useful for the production of printed wiring boardé and
contains a resin material and an inorganic filler as
essential components, and is characterized in that the
inorganic filler has been pretreated with a silicone oligomer
which contains at least one kind of siloxane units selected
from trifunctional siloxane units (RS1i0;,;,) and
tetrafunctional siloxane units (810,,), wherein each R is an
organic group and the organic groups R in the silicone
oligomer are identical with or different from one another,
has a polfmerization degree of 2 to 70, and has at least one
functional end group reactive to a hydroxyl group.

Generally, the above~described silicone oligome: is
a three-dimensionally crosslinked silicone oligomer. For
example, preferred silicone oligomers comprise only
trifunctionﬂl siloxane units, or only tetrafunctional
siloxane units, or difunctional siloxane units and
trifunctional siloxane units, or difunctional siloxane units
and tetrafunctional siloxane units, or trifunctional siloxane
units and tetrafunctional siloxane units, or difunctional
siloxane units, trifunctional siloxane units and
tetrafunctional siloxane units. Further, tetrafuncfional
siloxane units are preferably 15 mol% or more, more
preferably 20 to 60 mol%, based on total siloxané units. To
coat the surfaces of inorganic fillers with a highly three-
dimensionally crosslinked layer, it is preferable to use
silicone oligomers which contain trifunctional siloxane units

and/or tetrafunctional siloxane units, have a polymerization

- degree of 6 to 70, more preferably 10 to 50. Silicone

oligomers with polymerization degrees of higher than 70 may
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form uneven layer on the inorganic filler surface.

Inorganic fillers which may be used in the present
invention are not limited, and preferred examples are as
exemplified above. These inorganic fillers may be used
individually or as a mixture of two or more of desired
ratios. |

The method df treating inorganic fil;ers with the
silicone oligomers is not particularly limited, and suitable
methods are, for example, dry methods where the silicone
oligomer is directly added to the inorganic filler, and a wet
method where a diluted solution of the silicone oligomer is
used. The adhesion amount of the silicone oligomers to
inorganic fillers is not particularly limited, and a suitable
adhesion amount is. generally 0.01 to 5 % by weight,
preferably 0.01 to 2.00 % by weight, based on the weight of
the inorganic fillers. If it is less than 0.01I% by weight,
the effect of improving interfacial adhesion may be
insufficient, and if it is more than 5 % by weight, there may
occur a decrease in heat resistance.

The surface-treatment may also be carried out by
using additives, including various couplihg agents, together
with the silicone oligomers. Suitable coupling agents are,
for example, the silane coupling agents and titanate coupling
agents ﬁhich were exemplified above. The additiveé may be
used individually or in combination of-two or more of desired
ratios. The amount of the coupling agents, if any, is
preferably such that the weight ratio of coupling
agent:silicone oligomer is 0.001:1 to 1:0.001, preferably
0.001:1 to 1:1. '
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In cases where the surface-treatment is carried out
by a wet method usihg a diluted solution, suitable solvents

are, for example, alcohols, such as methanol and ethanol,

- ethers, such as ethylene glycol monomethyl ether, ketones,

such as acetone, méthyl ethyl ketone and methyl isobutyl
ketone, amides, such as N,N-dimethylformamide, aromatic
hydrocarbons, such as toluene and xylene, ethers, suqh as
ethyl acetate, nitriles and water. The amount of solvents,
if any, is not particularly limited, and is preferably such
that the éoncentration of non—volatile solids, including the
silicbne oligomers, is 0.01 to 50 % by weight, more _
preferably 0.05 to 10 % by weight. After the silicone

oligomers and the optional coupling agents adhered to the

'surfaces of 1norgan1c fillers by the dry or wet method,

drying with heat is generally carried out at 50 to 200°C,
preferably 80 to 150° C, for 5 to 60 minutes, preferably 10 to
30 minutes.

Resin materials which may be used in the present
invention are not particularly limited, and the resins as
exemplified above are generally used, together with
additives, such as curing agents and cure accelerators,
according to demands.

Suitable examples of the curing égents and cure
accelerators are the same as exemplified above, and these may
also be used ind1v1dua11y or as a mixture of two or more.

The amounts of the curing agents and the cure accelerators
depend, for example, on the combinations of the resins and
these agents. The preferred amounts are as described above.

In the resin ‘composition (B) of the present
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invention, the ratio of the treated inorganic filler to the
resin material.is generally such that the treated inorganic
filler is 1.0 to 500 parts by weight, preferably 10 to 100

parts by weight, per 100 parts by weight of the resins in the

- resin material.

The resin compositions (B) of the present invention
may be used in various forms, and when used as resin
varnishes for coating or impregnating base materials, they
may be used as diluted solutions dissolved in solvents.

Solvénts which may be used are not limitéd, and
some examples are alcohols, such as methanol and ethanol,
ethers, such as ethylene glycol monomethyl ether, ketones,
such as acetone, methyl ethyl ketone and methyl isobutyl
ketone, amides, such as N,N-dimethylformamide, aromatic
hydrocarbons, such as toluene and xylene, ethers, such as
ethyl acetate, and nitriles, which may be used individually
or as a mixture of two or more. The amount of the solvents
is not particularly limited, and is preferably such that the
non-volatile solid concentration is 20 to 90 % by weight,

more preferably 50 to 80 % by weight.

Laminates (d) for printed wiring boards

. -The laminate (d) of the present invention is useful
for the production of printed wiring boards and is produced
by impregnating a base méterial with the resin composition
(B) and drying the impregnated base materiél to form a
prepreg, superposing two or more sheets of the prepreg, with
a metal foil supérposed on one or both sides of the

superposed sheets of the prepreg, to form a superposed
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composite, and then bonding the superposed composite with
heat and pressure.

The method of impregnating base materials with the
resin composition (B) is not particularly limited. For
example, solvents and other additives are added according to
demands to produce a resin varnish, and a base_material is
impregnated with the.resin varnish by dipping, coating or
spraying. The base material may be selected without
limitation from those commonly used for the production of
metal-clad.laminates or multilayer printed wiring boards, and
suitable examples are as exemplified above. Woven or non-
woven fabric of glass fiber is preferable;

The base material impregnated with the resin
varnish is then dried, for example, in a drying furnace, at
80 to 200°C, preferably 100 to 180°C (if solvents are used,
at a temperature not lower than the temperature at which the
solvents can evaporate), for 3 to 30 minutes, preferably 5 to
15 minutes, to form a prepreg.

Plural sheets of the obtained prepreg are
superposed on each other, with metal foil superposed on one
or both sides of the supefposed prepreg, and then bonded with
heat and pressure, to produce the laminate (d) of the present
invention. When the metal foil is superposed on one side, a
single-sided metal-clad laminate is obtained, and when the
metal foil is superposed on both sides, a double-sided metal-
clad laminate is obtained. The bonding step is generally
carried out at 150 to 200°C, at a pressure of 1 to 10 MPa,
for 30 to 150 minutes. |

The resin compositions (B) of the present invention
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contain a three-dimensionally crosslinked silicone oligomer
having functional end groups reactive to the hydroxyl groups
on the surfaces of inorganic fillers. Therefore, the surface-
treating agent layer formed on the inorganic filler/resin
interface is not such a thin and rigid layer as that formed
by conventional silane coupling agents or the like, but
rather a cushioniﬂg layer of the crosslinked silicone
oligomer, whicﬁ-relieves the distortion occurring on the
interface and makes resins fully exhibit their excellent
adhesion fﬁnction. The laminates and multilayer printed
wiring boards produced by using the resin compositions (B) of
the presenf invention, therefore, are excellent in drilling
processability and insulation properties.

The inorganic filler/resin interface in the
laminates produced by using the resin compositions (B) is
also in the state as shown in Fig. 4.

Hereinafter, the present invention will be
described in detail referring to working examples, which,

however, do not limit the scope of the present invention.

(I) Examples of the method of producing prepreqs for printed
wiring boards and Examples of the laminate produced by using
the.grepregs{ and Compaiative Examples |
EXAMPLE I-1

To a glass flask equipped with a stirring
apparatus, a condenser and a thermometer was introduced a
solution of 40 g of tetramethoxysilane dissolved in 93 g of
methanol, and after 0.47 g of acetic acid and 18.9 g of

distilled water were added thereto, the mixture was then
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stirred at 50 C for 8 hours, to synthesize a silicone
oligomer having a polymerization degree of 20 (conversion

from the weight average molecular weight determined by GPC,

and the same shall apply hereinafter) of siloxane units. The

functional end groups of the silicone oligomer, which are
reactive to hydroxyl groups, are methoxy groups and/or
silanol groups.

Methanol was added to the silicone oligomer, to
prepare a treating liquid with a solid content of 1 % by

weight.

EXAMPLE I-2

By using the same reactor as used in Example I-1,
0.53 g of acetic acid and 15.8 g of distilled watér were
added to a solution of 40 g of trimethoxymethylsilane
dissolved in 93 g of methanol, and the mixture was then
stirred at 50°C for 8 hours, to synthesize a silicone
oligomer having a polymerization degree of 15 of siloxane
units. The functional end groups of the silicone oligomer,
which are reacfive to hydroxyl groups, are methoxy groups
and/or silanol groups.

Methanol was added to the silicone oligomer, to
prepare a treating liquid with a solid content of 1 % by

weight.

EXAMPLE I-3
By using the same reactor as used in Example I-1,
0.60 g of acetic acid and 14.0 g of distilled water were

added to a solution of 34 g of dimethoxydimethylsilane and 8
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g of tetramethdxysiléne dissolved in 98 g of methanol, and
the mixture was then stirred at 50 C for 8 hours, to
synthesize a silicone oligomer having a polymerization degree
of 28 of siloxane units. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groups.

Methanol was added to the silicone oligomer, to
prepare a treating liquid with a solid content of 1 % by

weight.

EXAMPLE i-4

By using the same reactor as used in Example I-1,
0.60 g of acetic acid and 17.8 g of distilled water were
added to a solution of 20 g of dimethoxydimethylsilane and 25
g of tetramethoxysilane dissolved in 105 g of methanol, and
the mixture was then stirred at 50 C for 8 hours, to
synthesize a silicone oligomer having a polymerization degree
of 30 of siloxane units. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groups.

Methanol was added to the silicone oligomer, to '
prepare a treating liquid with a solid content of 1 % by

weight.

EXAMPLE I-5

By using the éame reactor as used in Example I-1,
0.52 g of acetic acid and 18.3 g of distilled water wexre
added to a solution of 20 g of trimethoxymethylsilane and 22

g of tetramethoxysilane dissolved in 98 g of methanol, and
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fhe mixture was then stirred at 50°C for 8 hours, to
synthesize a silicone oligomer having a polymerizétion.degree
of 25 of silo#ane units. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groups.
Methanol was added to the silicone oligomer, to
prepare a treating liquid with a solid content of 1 % by

weight.

EXAMPLE I-6

By using the same reactor as-used.in Example 1-1,
0.52 g of acetic acid and 16.5 g of distilled water were
added to a solution of 10 g of dimethoxydimethylsilane, 10 g
of trimethoxymethylsilane and 20 g of tetramethoxysilane
dissolved in 93 g of methanoi, and the mixture was then
stirred at 50 C for 8 hours, to synthesize a silicone
oligomer having a polymerization degree of 23 of siloxané.
units. The functional end grbups of the siloxane oligomer,
which are reactive to hydroxyl groups, are ﬁethoxy groups
and/or silanol groups.

Methanol was added to the silicone oligomer, to
prepare a treating liquid with a solid éontent of 1 ¥ by
weight.

EXAMPLE I-7

To the silicone oligomer solutioﬁ obtained in
Example I-4 were added y-glycidoxypropyltrimethoxysilane
(Trade name: A-187, produced by Nippon Unicar Co., Ltd.), as

a silane coupling agent, and methanol, to prepare a treating
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liquid with a solid content of 1 % by weight (silicone

oligomer:A-187=1:0.5 weight ratio).

EXAMPLE I-8

To the silicone oligomer solution obtained in

Example I-4 were added N-f-(N-vinylbenzylaminoethyl)-y-

aminopropyltrimethoxysilane*hydrochloride (Trade name: SZ-

6032, produced by Toray*Dow Corning*Silicone Co., Ltd.), as a

silane coupling agent, and methaﬂol, to prepare a treating
liquid with a solid content of 1 % by weight (silicone

oligomer:SZ-6032=1:0.5 weight ratio).

A glass fabric of 0.2 mm thickness degreased by
heating at 400°C for 24 hours was dipped in each of the
treating liquids obtained in Examples I-1 to 8, and was then
dried by heating at 120°C for 30 minutes, to obtain a glass
fabric the surface of which was coated with a silicone
oligomer or a silicone oligomer/coupling agent mixture. The
adhesion amounts of the silicone oligomers in the treated |

glass fabrics were 0.08 to 0.11 % by weight.

EXAMPLE I-9

The glass fabric treated with the treating liquid
of Example I-4 (adhesion amount of silicone.oligomer: 0.08 %
by weight) was further dipped in an aqueous solution
containing 0.5 % by weight of y-
glycidoxypropyltrimethoxysilane (Trade name: A-187, produced
by Nippon Unicar Co., Ltd.), as a silane coupling agent, and

0.5 % by weight of acetic acid, and was then dried by heating



10

15

20

25

40
at 120°C for 30 minutes, to obtain a glass fabric the surface
of which was treated with a silicone oligomer and a silane
coupling agent. The adhesion amount of the. silane coupling

agent was 0.05 % by weight.

EXAMPLE I-10

The.glass fabric treated with the treating liquid
of Example I-4 (adhesion amount of silicone oligomer: 0.08 %
by weight) was further dipped in an aqueous solution
containing 0.5 % by weight of N-f-(N-vinylbenzylaminoethyl)-
y-aminopropyltrimethoxysilane*hydrochloride (Trade name: SZ-
6032, produced by Toray*Dow Corning®*Silicone Co., Ltd.), as a
silane coupling agent, and 0.5 % by weight of acetic acid,
and was then dried by heating at 120°C for 30 minutes, to
obtain a glass fabric the surface of which was treated with a
silicone oligomer and a silane coupling agent. The adhesion

amount of the silane coupling agent was 0.04 % by weight.

EXAMPLE I-11
A glass fabric of 0.2 mm thickness degreased by

heating at 400°C for 24 hours was dipped in the aqueous

"solution which was the same as that used in Example I-9 and

contained y-glycidoxypropyltrimethoxysiléne (Trade name: A-
187, produced by Nippon Unicar Co., Ltd.), as'a silane
coupling agent, and was then dried by heating at 120°C for 30
minutes, to obtain a glass fabric the surface of which was
coated with the coupling agent in én adhesion amount of 0.1 %
by weight. The surface-treated glass fabric was then dipped

in the treating liquid produced in Example I-4, and dried by
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heating at 120°C for 30 minutes, to obtain a glass fabric the
surface of which was further coated with the silicone
oligomer. The adhesion amount of the silicone oligomer was

0.04 % by weight.

EXAMPLE I1-12

A glass fabric of 0.2 mm thickness degreased by
heating at 400°C for 24 hours was dipped in the aqueous
solution which was the same as that used in Example I-10 and
contained N-B—(N—vihylbenzylaminoethyl)-y—
aminopropyltrimethoxysilane*hydrochloride (Tréde name: SZ-
6032, produced by Toray'Dow Corning*Silicone Co., Ltd.), as a
silane coupling agent, and was then dried by heating at 120°C
for 30 minutes, to obtain a glass fabric the surface of which
was coated with the coupling agent in an adhesion amount of
0.1 % by weight. The surface-treated glass fabric was then
dipped in the treating liquid produced in Example I-4, and
dried by heating at 120°C for 30 minutes, to obtain a glass
fabric the surface of which was further coated with the
silicone oligomer. The adhesion amount of the silicone

oligomer was 0.03 % by weight.

COMPARATIVE EXAMPLE I-1

As a glass fabric base material, the glass fabric
of 0.2 mm thickness and with an adhesion amount of y-
glycidoxypropyltrimethoxysilane (Trade name: A-187, produced
by Nippon Unicar Co., Ltd.) of 0.1 % by weight, which was the

same as that used in Example I-11, was used.
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COMPARATIVE EXAMPLE I-2
As a glass fabric base material, the glass fabric
of 0.2 mm thickﬁess and with an adhesion amount 6f N-B-(N-

vinylbenzylaminoethyl )-y-aminopropyltrimethoxysilane®

-hydrochloride (Trade name: SZ-6032, produced by Toray*Dow

Corning*Silicone Co., Ltd.) of 0.1 % by weight, which was the

same as that used in Example I-12, was used.

COMPARATIVE EXAMPLE I-3

In place of a silicone oligomer treating liquid, a
methanol solution containing 1.0 % by weight of an epoxy-
modified silicone o0il (Trade name: KF10l, produced by Shin-
Etsu Chemical Co., Ltd.) was preparéd as a treating liguid.
A gléss fabric of 0.2 mm thickness degreased by heating at
400°C for 24 hours was dipped in the treating liquid, and was
then dried by heating at 120°C for 30 minutes, to obtain a
glass fabric the surface of which was 'coated with the |
silicone oil. The adheéion amount of the silicone oil was

0.12 % by weight.

The glass fabrics obtained in Examples I-1 to 12
and Comparative Exampies I-1 to 3 were impregnated with the
following epoxy resin varnish, and then dried by heating at
140°C for 5 to 10 minutes, to obtain prepregs of a resinous
solid content of 41 % by weight. Four sheets.of each prepreg
were superposed on each other, with copper foil of 35 um
thickness superposed on each side of the superposed prepreg,
and then bonding was performed under the pressing conditions

of 170°C, 90 minutes and 4.0 MPa, to produce double-sided
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copper-clad laminates.

Brominated bisphenol A epoxy resin (epoxy equiValent weight:
530): 100 parts by weight

Dicyandiamide: 4 parts by weight

2-ethyl-4-methylimidazole: 0.5 parts by weight

These compounds were dissolved in a solvent mixture
of methyl'ethyl ketone/ethylene glycol monomethyl ether (1/1
weight ratio), to prepare a resin varnish with a non-volatile
solid content of 70 % by weight, which was used as thé above-
described epoxy resin varnish.

The obtained double-sided coppef-clad 1aminates.
were examined for drilling processability, water absorption,
soldering heat resistanee and insulation resistance. The

results are listed in Table I-1l.
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Table I-1 Properties of laminates

Drilling Water Soldering Insulation
processability absorption heat resistance (Q)
(crack %) (wt%) resistance
Normal After
state 5-hr PCT
Example No.
I-1 20 0.72 . 0K 6.1x10'% 6.7x10'3
1-2 25 0.70 OK 6.4x10'°® 6.9x10'3
1-3 27 0.70 0K 7.3x10'%  7.2x10'3
1-4 23 0.68 OK 7.0x10*° 6.9x10'2
I-5 22 0.71 OK 6.2x10'% 7.0x10'3
1-6 19 0.69 OK 6.9x10'5 7.3x10'%
1-7 28 0.61 OK 7.1x10'%  7.1x10'2
1-8 26 0.62 OK 7.2x10'5% - 7.2x10'2
1-9 - 22 0.65 OK 7.5x10'5  7.4x10'2
I-10 21 0.66 OK 8.0x10'° 7.5x10'3
I-11 30 0.70 OK 6.8x10'° 7.0x10'%® -
1-12 29 0.72 OK 7.0x10'®  7.1x10'3
Comparative
Example No. -
I-1 - 48 0.69 - oK 7.6x10'% 8.5x10'2
-2 45 0.71 OK 8.1x10'% 1.5x10'3
1-3 63 1.05 NG 5.5x10'¢ 5.5x10'!

Each test was carried out as follows.

Except in

the tests for electrolytic corrosion regsistance, test pieces

from which copper foil was completely etched off were used.

Drilling processability: After through holes were

made by using a drill of ¢$0.4 mm at 80,000 r.p.m. and at a

feed rate of 3,200 mm/min, the hole walls were examined for

cracks which were made by, for example, the peeling on the

base material/resin interfaces.

The examination for the

cracks in the hole walls was carried out by boiling each

drilled test piece in a red checking liquid for an hour,
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microscopically observing the wall surfaces, and determining
the percentage of the-soaked area on the hole Wélls (average
of the values of 20 holes). unit: %

Water absorption: was calculated from the
difference between the weight at a normal state and the
weighf after a two-hours pressure cooker test (121°c, 2 atm).
unit: % by weight

Soldering heat resistance: After a two-hours

. pressure cooker test (121°Cc, 2 atm), each test piece was

dipped in a solder bath of 260°C for 20 seconds, and its
surfaces were visually observed. In the table, "OK" means
the absence of measling or blistering.

Insulation resistance: Both at a normal state and
after a five-hours pressure cooker test (121°c, 2 atm), each
test piece was applied with a voltage of 500 V for one
minuté, and the insulation resistance was then measured.
unit: Q

As to Example I-1 and Comparative Example I-2,
tests for electrolytic coriosion reéistance were. carried out.

Electrolytic corrosion resistance: Each laminate
was drilled by using a drill of ¢0.4 mm to make 300 through
holes in total arranged so that six lines each including 50
holes (pitch between holes: 1.0 mm) were lined in columns
with a space of a hole pitch of 0.7 mm. The through-holes
were copper-plated to 35 pm thickness by conventional
electroless plating and electric plating. The laminate was
then wired by photolithography'so that the 50 through holes
in each line were connected in a form of connected cranks

with lands of 0.6 mm diameter and connecting lines of 0.1 mm
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width. The wired lines were connected alternately one
another, and 100 V was applied at 85°C/85%RH by using one
group of the connected lines as anodes and the other group as
cathodes.

| In Comparative Example I-2, continuity breakdown
due to CAF (Conductive Anodic Filament) took place about 1200
hours later, while in Example I-1, the insulation resistance |
was 10 Q or more even 1500 hours later.

The results show that the copper-clad laminates
obtained in Examples I-1 to 12 had sufficient soldering heat
resistance, were hardly cracked by drilling, lost little
insulation resistance by water ébsorption and had improved
electrolytic corrosion resistance.

The'prepregS'for printed wiring boards produced by
the method of the present invention can imprdve the laminates.
produced by using the prepregs in drilling proceésability and
in insulation properties including electrolytic corrosion
resistance, without deteriorating the properties of the

conventional laminates.

(1I1) Examples of the method of producing resin varnishes for
printed wiring boards and laminates produced by using the

resin varnish, Referential Examples and Comparative Examples
REFERENTIAL EXAMPLE II-1

To a glass flask equipped with a stirring
apparatus, a condenser and a thermometer were introduced y-
glycidoxypropyltrimethoxysilane (Trade name: A-187, produced
by Nippon Unicar.Co., Ltd.), as a silane coupling agent, and

methyl ethyl ketone, to produce a treating liquid of a solid
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- content of 10 % by weight. Calcined clay (mean particle

size: 1.2 ym) was added to the treating liquid in an amount
of 50 % by weight based on the resinous solid, and the
mixture was then stirred for one hour at room temperature, to
produce a treating liquid containing a surface-treated

inorganic filler.

REFERENTIAL EXAMPLE II-2

To a glass flask equipped with a stirring
apparatus;.a condenser and a thermometer were introduced N-B-
(N-vinylbenzylaﬁinoethyl)-y-aminopropyltrimethoxysi1ane'
hydrochloride (Trade name: SZ-6032, produced by Toray*Dow
Corning*Silicone Co., Ltd.), as a silane coupling agent, and
methyl ethyl ketone, to produce a tféating liquid of a solid
content of 10 % by weight. Calcined clay (mean-particle
size: 1.2 pm) was added to the treating liquid in an amount
of 50 ¥ by weight based on the resinous solid, and the
mixture was then stirred for one hour at room temperature, to

produce a treating liquid containing a surface-treated

inorganic filler.

REFERENTIAL EXAMPLE II-3

To a glass flask equipped with a stirring
apparatus, a condenser and a thermometer were iﬁtroduced
isopropyltris(dioctylpyrophosphate) titanate (Trade name:
KR46B, produced by Ajinomoto Co., Ltd.), as a titanate
coupling agent, and methyl ethyl ketone, to produce a
treating liquid of a solid content of 10 % by weight.

Calcined clay (mean particle size: 1.2 pm) was added to the
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treating liquid in an amount of 50 % by weight based on the
resinous solid, and the mixture was then stirred for one hour
at rdom temperature, to produce a treating liquid containing

a surface-treated inorganic filler.

EXAMPLE II-1

In a glass flask equipped with a stirring
apparatus, a condenser and'a thermometer was introduced a
solution of 40 g of tetramethoxysilane dissolved in 93 g of
methanol,.and after 0.47 g of acetic acid and 18.9 g of
distilled water wereladded thereto, the mixture was stirred
for 8 hours at 50 C, to synthesize a silicone oligomer having
a polymerizétion degree of siloxane units of 20 (conversion
from the weight average molecular weight determined by GPC,
and the same shall apply hereinafter). The functional end
groups of the silicone oligomer, which are reactive to
hydroxyl groups, are methoxy groups and/or silanol groups.

Méthyl ethyl ketone was added to the obtained.
silicone oligomer solution, to produce a tréating liquid of a
s0lid content of 10 % by weight. Calcined clay was added to
the treating liquid in an amount of 50 % by weight based on
the resinous solid, and the mixture was then stirred for one
hour at room temperature, to produce a treating liquid

containing a surface-treated inorganic filler.

EXAMPLE II-2
By using the same reactor as used in Example II-1,
0.53 g of acetic acid and 15.8 g of distilled water were

added to a solution of 40 g of trimethoxymethylsilane
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dissolved in 93 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siioxane units of
15. The functional end groups of the siliqone oligomer,

which are reactive to hydroxyl groups, are methoxy groups

~and/or silanol groups.

Methyl ethyl ketone was added to the obtained
siiicone oligomer soiution, to produce a treating liquid of a
solid content of 10 % by weight. Calcined clay was added to
the treatihg liquid in an amount of 50 % by weight based on
the resinous solid, and the mixture was then stirred for one
hour at room temperature, to produce a treating liquidl

containing a surface-treated ihorganic filler.

ﬁXAMPLE I1-3

By using the same reactor as used in Example II-1,
0.60 g of acetic acid ahd 14.0 g of distilled water were
added to a solution containing 34 g of
dimethoxydimethylsilane and 8 g of tetramethoxysilane
dissolved in 98 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to sfnthesize a silicone
oligomer having a polymerization degree of siloxane units of
28. The functional eﬁd groups of the silicone oligomer,
which are reactive to hyd;oxy; groups, are methoxy groups
and/or silanol groups. _ _

Methyl ethyl ketone was added to the obtained
silicone oligomer solution, to produce a treating liquid of a
solid content of 10 % by weight. Calcined clay was added to

the treating liquid in an amount of 50 % by weight based on
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the resinous solid, and the mixture was then stirred for one
hour at room temperature, to produce a treating liquid

containing a surface-treated inorganic filler.

EXAMPLE II-4

By using the same reactor as used in Example II-1,
0.60 g of acetic acid and 17.8 g of distilled water were
added to a solution containing 20 g of
dimethoxydimethylsilane and 25 g of tetramethoxysiiane
dissolvedhin 105 g of methanol, and the mixture was then
stirred for 8 hou:s at 50°C, to synthesize a silicone

oligomer having a polymerization degree of siloxane units of

'30. The functional end groups of the silicone oligomer,

which are reactive to hydroxyl groups, are methoxry groups
and/or silanol groups.

Methyl ethyl ketone was added to the obtained
silicone oligomer solution, to produce a treating liquid of a
solid content of 10 % by weight. Calcined clay was added to
the treating liquid in an amount of 50 $ by weight based on
the resinous solid, and the mixture was then stirred for one
hour at room temperature, to produce a treating liquid

containing a surface-treated inorganic filler.

EXAMPLE II-5

By using the same reactor as used in Example II-;,
0.52 g of acetic acid and 18.3 g of distilled water were
added to a solution containing 20 g of trimethoxymethylsilane
and 22 g of tetramethoxysilane dissolved in 98 g of methanol,

and the mixture was then stirred for 8 hours at 50°C, to
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synthesize a silicone oligomer having a polymerization degree
of siloxane units of 25. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groups.

Methyl ethyl ketone was added to the obtained
silicone oligomer solution, to produce a treating liquid of a
solid.content.of 10 % by weight. Calcined clay was added to
the treating liquid in an amount of 50 % by weight based on
the resinous solid, and the mixture was then stirred for one

hour at room temperature, to produce a treating liguid

- containing a surface-treated inorganic filler.

EXAMPLE II-6

By using the same reactor as used in Example II-1,

~O.52 g of acetic acid and 16.5 g of distilled water were

added.to a solution containing 10 g of
dimethoxydimethylsilane, 10 g of trimethoxymethylsilane and
20 g of tetramethoxysilane dissolved in 93 g of methanol, and
the mixture was then stirred for 8 hours at 50°C, to
synthesize a silicone oligomer having a polymerization degree
of siloxane units of 23. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl. groups, are
methoxy groups and/or silanol groups.

Methyl ethyl ketone was added to the obtained
siligone oligomer solution, to produce a treating liquid of a
solid content of 10 % by weight. Calcined clay was added to
the treating liquid in an aﬁount of 50 % by weight based on
the resinous solid, and the mixture was then stirred for one

hour at room temperature, to produce a treating liquid
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containing a surface-treated inorganic filler.

EXAMPLE II-7

By using the same reactor as used in Example II-1,
0.34 g of acetic acid and 13.8 g of distilled water were
added to a solution containing 40 g of tetraethoxysilahe
dissolved in 93 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
19. The fﬁnctional end groups of the silicone oligomer, .
whicﬁ are reactive to hydroxyl groups, are ethoxy groups
and/or silanol groups.

Methyl ethyl ketone was added to the obtained
silicone oligomer solution, to producé a treating liquid of a
solid content of 10 % by weight. Calcined clay was added to
the treating liquid in an amount of 50 % by weight based on
the resinous solid, and the mixture was then stirred for one
hour at room temperature, to produce a treating liquid

containing a surface-treated inorganic filler.

REFERENTIAL EXAMPLE II-4

The procedure of Referential Example II-1 was
repeated, except that talc (mean particle size: 12 pm) was
used as the inorganic filler, to produce a treating liquid

containing a surface-treated inorganic filler.

REFERENTIAL EXAMPLE II-5

The procedure of Referential Example Ii—l was
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repeated, except that silica (mean particle size: 1.0 pm) was

used as the inorganic filler, to produce a treating liquid

- containing a surface-treated inorganic filler.

EXAMPLE I1I-8

To the silicone oligomer solution obtained in
Example II-1 were added y-glycidoxypropyltrimethoxysilane
(Trade name: A-187), as a silane coupling agent, and methyl
ethyl ketone, to produce a treating liquid having a solid

content df 10 % by weight (silicone oligomer:A-187 = 1:1

‘weight ratio). Calcined clay was added to the treating

liquid in an amount of 50 $ by weight based on the resinous
solids, and the mixture was stirred for one hour at rocom
temperature, to obtain a treating liquid containing a

surface~treated inorganic filler.

EXAMPLE II-9

To the silicone oligomer solution obtained in
Example II-1 were added isopropyltris(dioctylpyrophosphate)
titanate (Trade name: KR46B), as a titanate coupling agent,
and methyl ethyl ketone, to produce a treating liquid having
a solid content of 10 % by weight (silicone oligomer:KR46B =
1:1 weight ratio). Calcined clay was added to the treating
liquid in an amount of 50 % by weight based on the resihous
solids, and the mixture was stirred for oﬁe hour at room
temperature, to obtain a treating liquid containing a

surface-treated inorganic filler.

The treating liquids, which were obtained in
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" Examples II-1 to 9 and Referential Examples II-1 to 5 and

contained surface-treated inorganic fillers, were heated to
50°C, and the following resin material and a solvent mixture
of methyl ethyl ketone/ethylene glycol monomethyl ether (1:1
weight ratio) were added thereto, to produce resin varnishes

of a solid content of 70 % by weight.

Brominated bisbhenol A epoxy resin (epoxy equivalent weight:
530): 100 parts by weight

Dicyandiaﬁide; 4 parts by weight

2-ethyl-4-methylimidazole: 0.5 parts by weight

COMPARATIVE EXAMPLE II-1

Calcined clay, the surface of which had not been
treated, was mixed into a solvent mixture of methyl ethyl
ketone/ethylene glycol monomethyl ether (1:1 weight ratio) to
a content of 50 % by weight, and the above-described resin
material was then added thereto, to produce a resin varnish

of a solid content of 70 ¥ by weight.

COMPARATIVE EXAMPLE I1II-2
To 100 parts by weight of the resin varnish
produced in Comparative Example II-1 was added 2 parts by

weight of y-glycidoxypropyltrimethoxysilane as a silane
coupling agent.

COMPARATIVE EXAMPLE II-3

A resin varnish was produced in the same manner as

in Referential Examplé 1I-1, except that the calcined clay
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was treated with an epoxy-modified silicone oil (Trade name:

KF101, produced by Shin-Etsu Chemical Co., Ltd.) in place of

the silane coupling agent.

COMPARATIVE EXAMPLE II-4

The silane coupling agent used in Referential
Example II-1, namely y-glycidoxypropyltrimethoxysilane, was
dissolved in methanol to produce a treating liquid of a solid
content of 1 & by weight, wherein calcined clay the surface
of which héd not been treated was dipped for one hour with
stirring and was then dried at 120°C for one hour. A resin
varnish was produced in the same manner as in Comparative
Example II-1, except that the treated, calcined clay was

used.

A glass fabric of about 0.2 mm thickness was
impregnated with each of the resin varnishes produced in
Examples II-1 to 9, Referential Examples II-1 to 5 and
Comparative Examples II-1 to 4 to obtain impregnated glass
fabrics, which were then heated to 140°C for 5 to 10 minutes
to dry, to obtain prepregs of a resin content of 41 % by
weight. Four sheets of each prepreg were superposed on each
other, with copper foil of 35 pm thickness superposéd on each
side of the superposed prepreg, and then bonding was
performed under the pressing conditions of 170fc, 90 minutes
and 4.0 MPa, to produce double-sided copper-clad laminates.

The obtained double-sided copper-clad laminates
were examined for drilling processability, water absorption,

soldering heat resistance and electrolytic corrosion



resistance. The results are listed in Tables II-1 and 1I-2.

>500 >500 »>500
corrosion :
resistance (hr)

Table II-1

Referential Examples Examples

II-1 II1-2 1I-3 II-1 11-2 II-3 II-4 1I1-5 1II-6
Coating quality NG NG NG Good Good Good Good Good Good
Appearance Good Good Good Good Good Good Good Good Good
of prepreg
Drilling 24 22 25 18 22 21 17 18 16
‘processability
(crack %)
Water 0.71 0.70 0.75 0.74 0.71 0.70 0.73 0.73 0.71
absorption (wt%)
Soldering OK OK OK OK OK OK OK OK OK
heat : '
resistance
Electrolytic >500 >500 »>500 >500 >500 >500
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. Table II-2

Emamphé Ref. Exs. Examples Comparative Emmmﬂes

11-7 11i-4 I1-5 1I1-8 1I1I-9 II-1 1II-2 II-3 1II-4

Coating quality Good Good Good Good Good NG NG NG NG

Appearance - Good Good Good Good Good NG NG NG NG
of prepreg
Drilling 19 23 24 23 23 38 37 40 36
processability

(crack %)
Water 0.70 0.74 0.73 0.69 0.68 0.88 0.88 0.95 0.80

absorption (wt%)

Soldering oK OK OK OK OK OK OK OK OK
heat
resistance

Electrolytic >500 >500 >500 >500 >500 288 288 216 360
corrosion
resistance (hr)

Each test was carried out as follows. The coating
guality and appearance of the prepregs were evaluated
previously by visual observations. As to the coating
quality, the prepregs which did not cause adhesién of
inorganic fillers to rolls were rated as “Good", and the
prepregs which caused such adhesion more or less as "NG". As
to the appearance of prepregs, prepregs which had the same
even surfaces as of those containing no inorganic fillers
were rated as "Good", the others as "NG".

Except in the tests for electrolytic corrosion
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resistance, test pieces from which copper foil was completely
etched off were used.

Drilling processability: After through holes were
made by using a drill of ¢0.4 mm at 80,000 r.p.m. and at a
feed rate of 3,200 mm/min, the hole walls were examined for
cracks Whichlwere made by, for example, the peeling on the
base material/resin interfaces. The examination for the

cracks in the hole walls was carried out by boiling each

‘drilled test piece in a red checking liquid for an hour,

microscopibally observing the wall surfaces, and determining
the percentage of the soaked area on the hole walls (average
of 20 holes). unit: %

Water absorption: was calculated from the
difference between the weight at a normal state and the
weight after a two-hours pressure cooker test (121°C, 2 atm).
unit: % by weight

Soldering heat resistance: After a two-hours
pressure cooker test (121°C, 2 atm), each test piece was
dipped in a solder bath of 260°C for 20 seconds, and the
surfaces thereof were visually observed. In the table, "OK"
means the absence of measling or blistering.

- Electrolytic corrosion resistance: In the same
manner as described above, the time taken to cause confinuity
breakdown by application of 100 V at 85 C/85%RH was measured.
Also, the continuity breékdown was confirmed to be caused by
the CAF (Conductive Anodic filament) between through héles.

The results show that the prepregs of Examples II-1
to 9 and Referential Examples II-1 to 5 had good appearance,

and the laminates produced by using these prepregs had
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sufficient soldering heat resistance, absorbed little water,
were hérdly cracked by drilling, and had improved
electrolytic corrosion resistance. Particularly, the
prepregs produced in Examples II-1l to 9 caused no adhesion of
inorganic fillers to rolls, and were particularly imprdved in
coating quality. |

The prepregs which are produced by using the resin
varnishes produced by the method of the present invention are
excellent in appearance, and can improve the laminates
produced by using them in drilling processability and in
insulation properties including electrolytic corrosion
resistance, without deteriorating the properties of the

conventional laminates.

(I1I) Examples of resin compositions (A) for printed wiring
boards and laminates produced by using the resin compositions

(A), and Comparative Examples
EXAMPLE III-1

To a glass flask equipped with a stirring

- apparatus, a condenser and a thermometer was introduced a

solution containing 40 g of tetramethoxysilane dissolved in
93 g of-mefhanol, and after 0.47 g of acetic acid and 18.9 g
of distilled water were added thereto, the mixture was '
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
20 (conversion from the weight average molecular weight
determined by GPC, and the same shall apply hereinafter).

The functional end groups of the silicone oligomer, which are

reactive to hydroxyl groups, are methoxy groups and/or
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silanol groups.

EXAMPLE III-2

By using the same reactor as used in Example III-;,
0.53 g of acetic acid and 15.5 g of distilled water were
added to a solution of 40 g of trimethoxymethylsilane
dissolved in 93 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
15. The functional end groups of the silicone oligomer,

which are reactive to hydroxyl groups, are methoxy groups

"and/or silanol groups.

EXAMPLE III-3

By us;ng the same reactor as used in Example III-1,
0.60 g of acetic acid and 14.0 g of distilled water were
added to a solution containing 34 g of
dimethoxydimethylsilane and 8 g of tetramethoxysilane
dissolved in 98 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
28. The functional end groups of the silicone oiigomer,
which are reactive to hydroxyl groups, are methoxy groups

and/or silanol groups.

EXAMPLE III-4
By using the same reactor as used in Example III-1,
0.60 g of acetic acid and 17.8 g of distilled water were

added to a solution containing 20 g of
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dimethoxydimethylsilane and 25 g of tetramethoxysilane
dissolved in 105 g bf methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units pf
30. The functional end groups of the silicone oligomer,
which are reactive to hydroxyl groups, are methoxy groups

and/or silanol groups.

EXAMPLE III-5

ﬁy using the same reactor as used in Example III-1,
0.52 g of acetic acid and 18.3 g of distilled water were
added to a solution containing 20 g of trimethoxymethylsilane
and 22 g of tetramethoxysilane dissolved in 98 g of methanol,
and the mixture was then stirred for 8 hours at 50 C, to
synfhesize a silicone oligomer having a polymerization degree
of siloxane units of 25. The functional end groups of the
silicone oligomer, which ére reactive to hydroxyl groups, are

methoxy groups and/or silanol groups.

EXAMPLE III-6

By using the same reactor as used in Example III-1,
0.52 g of acetic acid and 16.5 g of distilled water were
added to a solution containing 10 g of |
dimethoxydimethylsilane, 10 g of trimethoxymethylsilane and
20 g of tetramethoxysilane dissolved in 93 g of methanol, and
the mixture was then stirred for 8 hours at 50°C, to
synthesiie a silicone oligomer having a polymerization degree
of siloxane units of 23. The functional end groups of the

silicone oligomer, which are reactive to hydroxYl groups, are
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methoxy groups and/or silanol groups.

EXAMPLE III-7

By using the same reactor as used in Exémple IIx-1,
0.34 g of acetic acid and 13.8 g of distilled water were
added to a solution containing 40 g of tetraethoxysilane
dissolved in 93 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer héving a polymerization degree of siloxane units of
19. The functional end Qroups of the silicone oligomer,
which are reactive to hydroxyl groups, are ethoxy groups

and/or silanol groups.

By using the silicone oligomers synthesized in
Examples III-1 to 7, epoxy resin varnishes containing the

following components were prepared.

Brominated bisphenol A epoxy resin (epoxy equivalent weight:
530): 100 parts by weight -

Dicyandiamide: 4 parts b& weight

Silicone oligomer: 2 parts by weight
2-ethyl-4-methylimidazole: 0.5 parts by weight

These compounds were dissolved in a methyl ethyl
ketone/ethylene glycol monomethyl ether (1:1 weight ratio)
solvent mixture, to produce resin varnishes of a non-volatile

solid content of 70 % by weight.

EXAMPLE III-8
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A resin varnish was produced with the same ratios
of the components as described above, except that the amouﬁt
of the silicone oligomer of Example III-1 were changed to one
part by weight, and one part by weight of y-
glycidoxypropyltrimethoxysilane (Trade name: A-187, produced
by Nippon Unicar Co., Ltd.), as a silane coupling agent, was
added thereto to produce a résin varnish of a non-volatile

solid content of 70 % by weight.

EXAMPLE III-9

A resin varnish was produced with the same ratios
of the components as described above, except that the amount
of the silicone oligomer of Example III-1 were changed to one
part by Weight,.and one part by weight of N-p-(N-
vinylbenzylaminoethyl )-y-aminopropyltrimethoxysilane*
hydrochloride (Trade:name: SZ-6032, produced by Toray*Dow
Corning*Silicone Co., ttd.), as a silane coupling agent, to
producela resin varnish of a non-volatile solid content of 70

% by weight.

EXAMPLE III-10

To the resin varnish of Example III-1 containing 2
parts by weight of the silicone oligomer, was added calcined
clay (mean particle size: 1.2 pm) as an inorganic filler in.
an amount of 50 parts by weight per 100 parts by weight of
the epoxy resin, to produce a resin varnish of a non-volatile

solid content of 70 % by weight.

COMPARATIVE EXAMPLE III-1
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A resin varnish was prdduced in the same manner as

~in Examples III-1 to 7, except that no silicone oligomers

were added.

COMPARATIVE EXAMPLE III~2

A resin varnish was produéed in the same manner as
in Examples III-1 to 7, except that 2 parts by weight of y-
glycidoxypropyltrimethoxysilane was.used in place of the

silicone oligomers.

COMPARATIVE EXAMPLE III-3 |

A resin varnish was producéd in the same manner as
in Examples III-1 to 7, except that 2 parts by weight of'an
epoxy-modified silicone o0il (Trade name: KF10l, produced by
Shin-Etsu Chemical Co., Ltd. was used in place of the

silicone oligomers.

COMPARATIVE EXAMPLE II1l-4

A resin varnish was produced in the same manner as
in Example III-9, except that no silicone oligomers were

used.

COMPARATIVE EXAMPLE III-5

To the resin varnish of Comparative Example III-2
was added calcined clay as an inorganic filler in an amount.
of 50 parts by weight per 100 parts by weight of the epoxy
resin, to produce a resin Qarnish of a non-volatile solid

content of 70 % by weight.
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A glass fabric of about 0.2 mm thickness was

impregnated with each of the resin varnishes produced in

" Examples III-1 to 10 and Comparative Examples I1III-1 to 5 to

obtain impregnated glass fabrics, which were then heated to
140°C for 5 to 10 minutes to dry, to obtain prepregs of a
resin content of 41 % by weight. Four sheets of each prepreg

were superposed on each other, with copper foil of 35 pm

. thickness superposed on each side of the superposed prepreg,

and then bonding was performed under the pressing conditions
of 170°C, 90 minutes and 4.0 MPa, to produce double-sided
copper-clad laminates.

The obtained double-sided copper-clad laminates
were examined fof drilling processability, water absorption,
soldering heat resistanée and electrolytic corrosion
resistance. The results are listed in Tables III-1 and III-

2.
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Table III-1
Examples
III-1 III-2 IT-3 III-4 ITI-5 II1-6 IIT-7
Dimethoxydimethylsilane (g) - - i’ 20 - 10 -
Trimethoxymethylsilane (g) - 40 - .- .20 10 -
Tetramethoxysilane (g) 40 - 8 25 22 20 -
Tetrasthoxysilane (g) - - - - ~ - 40
Methanol (g) a3 93 98 105 98 93 93
Acetic acid (g) 0.47 0.53 0.60 0.60 0.52 0.52 0.34
Distilled water (g) 18.9 15.8 14.0 17.8 18.3 16.5 13.8
Conditions of synthesis 50 C, 8 hours
Siloxane repeating units 20 15 28 30 25 23 19
Epoxy resin (wt parts) 100 100 100 100 100 100 100
Silioone oligawer (wt parts) 2 2 2 2 2 2 2
A-187 (wt parts) - - - - - - -
SZ-6032 (wt parts) - - - - - - -
Epoxy-modified - - - - - - -
silicone oil (wt parts)
Calcined clay (wt parts) - - - - - - -
Drilling gmssabui : 2 26 25 21 22 20 23
(cradc 4 ' _

Water absorption (wt%) 0.71L. 0.68 0.67 0.70 0.71 0.68 0.73
Soldering heat resistance X 0.4 0.4 oK X K oK

ytic corrosion >500 >500 >500 500 >500 _ >500 >500

resistance (hr)
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Table III-2

Examples | Canparative Exanples

II1-8 III-9 II1-10 III-1 III-2 III-3 III-4 III-5

E¥oxy:n§ﬂn 100 100 100 100 100 100 100 100

wt part)

Silhxnecﬂi?mnr 1 2 L - - - - -
Exanple ITI-1

(wt;nrts) )

A-187 (wt parts) 1 - - - 2 - - 2
‘SZ-6032 (wt parts)
—modi fied

oil

(wt parts)
Calcined clay - - 50 - - - - 50
(wt part) -

Prilling o 28 25 19 43 41 48 38 37
crack %) '

W?‘?i:r%)absm'ptim 0.63 0.62 0.75 0.70. 0.69 0.75 1.05 0.88

Soldering heat oK oK oK oK (64 oK X K
resistance .

1
[

I

I

!

I
[
!

1
!
I
]
I
N
I
1

Electrolytic >500 >B500 >500 360 336 315 192 288
corrosion
resistance (hr)

A-187: y-glycidoxypropyltrimethoxysilane
SZ-6032: N-B-(N-vinylbenzylaminoethyl)-y-
aminopropyltrimethoxysilane*hydrochloride

KF101l: epoxy-modified silicone oil

The tests were carried out in the same manner as in
Examples II-1 to 9, Referential Examples II-1l to 5 and
Comparative Examples II-1l to 4. Except in the tests for
electrolytic corrosion resistance, test'pieceé from which
copper foil was completely etched off were used.

The results show that the laminates of Examples

III-1 to 10 had good appearance, and the laminates produced
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by using these prepregs had sufficient soldering heat
resistance, were hardly cracked by drilling, and had improved
electrolytic corrosion resistance.

| The resin compgsitions (A) of the present invention
can improve the laminates produced by using them in drilling
processability and in insulation properties including
electrolytic corrosion resistance, without deteriorating the

properties of the conventional laminates.

(IV) Examples of resin compositions (B) for printed wiring

boards and laminates produced by using the resin compositions

. (B), and Comparative Examples

EXAMPLE IV-1

To a glass flask equipped with a stirring
apparatﬁs, a condenser and a thermometer was introduced a
solution containing 40 g of tetramethoxysilane dissolved in
93 g of methanol, and after 0.47 g of acetic acid and 18.9 g
of distilled water were added thereto, the mixture was
stirred for 8 hours at 50 C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
20 (conversion from the weight average molecular weight
determined by GPC, and the same shall apply hereinafter).
The functional end groups of the silicone oligomer, which are
reactive to hydroxyl groups, are methoxy groups.and/or
silanol groups.

Methanol was added to.the obtained siliconé
oligomer solutibn, to produce a treating liquid of a solid

content of 1 % by weight.
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EXAMPLE IV-2
| By using the same reactor as used in Example IV-1,
0.53 g of acetic aqid and 15.8 g of distilled water were
added to a solution of 40 g of trimethoxymethylsiléne
dissolved in 93 g of methanol, and the mixture was then
stifred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
15. The functional end groups of'the silicone oligomer,

which are reactive to hydroxyl groups, are methoxy groups

and/or silénol groups.

Methanol was added to the obtained silicone

oligomer solution, to produce a treating liquid of a solid

content of 1 % by weight.

EXAMPLE IV-3

By using the same reactor as used in Example IV-1,
0.60 g of acetic acid and 14.0 g of distilled water were
added to a solution containing 34 g of
dimethoxydimethylsilane and 8 g of tetramethoxysilane
dissolved in 98 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to syntﬁesize a silicone
oligomer having a polymerization degree of siloxane units of
28. The functional end groups of the silicone oligomer,
which are reactivelfo hydroxyl groups, are methoxy groups
and/or silanol groups.

Methanol was édded to the obtained silicone
oligomer solution, to produce a treating iiquid of a solid

content of 1 $ by weight.
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EXAMPLE IV-4
By using the same reactor as used in Example IV-1,

0.60 g of acetic acid and 17.8 g of distilled water were -

‘added to a solution containing 20 g of

dimethoxydimethylsilane and 25 g of tetramethoxysilane
dissolved in 105 g of methanol, and the mixture was then
stirred for 8 hours at 50°C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
30. The functional end groups of the silicone oligomer,
which are reactive to hydroxyl groups, are methoxy groups
and/or silanol groups. .

Methanol was added to the obtained silicone
oligomer solution, to produce a treéting liquid of a solid

content of 1 % by weight.

EXAMPLE.IV-S

By using the same reactor as used in Example IV-1,
0.52 g of acetic acid and 18.3 g of distilled water were
added to a solution containing 20 g of trimethoxymethylsilane
and 22 g of tetramethoxysilane dissolved in 98 g of methanol,
and the mixture was then stirred for 8 hours at 50’C, to
synthesize a silicone oligomer having a polymerization degree
of siloxane units of 25. The functional end groups of the
silicone oligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groups.

Methanol was added to the obtained silicone
oligomer solution, to produce a treating liquid of a solid

content of 1 % by weight.
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EXAMPLE IV-6

By using the same reactor as used in Example IV-1,
0.52 g of acetic acid and 16.5 g of distilled water were
added to a solution containing 10 g of
Qimethoxydimethylsilane, 10 g of trimethoxymethylsilane and
20 g of tetramethoxysilane dissolved in 93 g of methanol, and
the mixture was then stirred for 8 hours at 50°C, to
synthesize a siliconé oligomer having a polymerization degree
of siloxane units of 23. The functional end groups of the
silicone 6ligomer, which are reactive to hydroxyl groups, are
methoxy groups and/or silanol groﬁps.

Methanol was édded to the obtained silicone
oligomer solution, to produce a treating liquid of a solid

content of 1 % by weight.

EXAMPLE IV-7

By using the same reactor as used in Example IV-1,
0.34 g of acetic acid and 13.8 g of distilled water were
added to a solution containing 40 g of tetraethoxysilane
dissolved in 93 g of methanol, and the mixture was then
stirred for 8 hours af 50°'C, to synthesize a silicone
oligomer having a polymerization degree of siloxane units of
19. The functional end groups of the silicone oligomer,
which are reactive to hydroxyl groups, are ethoxy groups
and/or silanol groups.

Methanol was added to the obtained silicone
oligomer solution, to produée a treating liquid of a solid

content of 1 $ by weight.
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EXAMPLE 1V-8

To the silicone oligomer solution obtained in
Exémple IV-4 were added y-glycidoxypropyltrimethoxysilane
(Trade name: A-187, produced by Nippon Unicar Co., Ltd.), as
a silane coupling agent, and methanol, to produce a treating
liquid of a solid content of 1 ¥ by weight (silicone
oligomer:A-187 = 1:1 weight ratio). |

EXAMPLE IV-9

To the silicone oligomer solution obtained in
Example 1V-4 were added N-f-(N-vinylbenzylaminoethyl )-y-
aminopropyitrimethoxysilane'hydrochloride (Trade name: SZ-
6032, produced by Toray*Dow Corning*Silicone Co., Ltd.), as a
silane coupling agent, and methanol, to produce a treating
liquid of a solid content of 1 % by weight (silicone
oligomer:SZ-6032 = 1:1 weight ratio).

Calcined clay (mean particle size: 1.2 pm), as an
inorganic filler, was dipped in each of the treating liquids
ptoduced in Examples IV-1 to 9 for one hour with stirring,
filtered, and heated to 120'C for one hour to dry, to obtain
inorganic fillers treated with silicone oligomers. The
adhesion amounts of the silicone oligomers were 0.08 to 0.11

% by weight.

EXAMPLE IV-10
An inorganid filler treated with a silicone

oligomer was prepared in the same manner as in Example IV-1,
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except that talc (mean particle size: 12 pm) was used as the
inorganic filler. The adhesion amount of the silicone

oligomer was 0.10 % by weight.

EXAMPLE IV-11

An inorganic filler treated with a silicone
oligomer was prepared in the same manner as in Example IV-1,
except that silica (mean particle'size: 1.0 pm) was used as
the inorganic filler. The adhesion amount of the siiicone

oligomer was 0.09 $ by weight.

EXAMPLE IV-12

To calcined clay was directly dropped the silicone
oligomer solution which was produced in Example IV-1 and was
not further diluted with methanol (silicone oligomer:calcined
clay = 1.0:100 weight ratio), and the mixture was stirred
sufficiently, and was then dried at 120 C for one hour, to
obtain an inorganic filler treated with the silicone
oligomer. The adhesion amount of the silicone oligomer was

0.05 % by weight.

The surface-treated inorganic fillers produced in
Examples IV-1 to 12 were mixed, respectively, with the.
following resin components in the following ratios, to

prepare epoxy resin varnishes.

Brominated bisphenol A epoxy resin (epoxy equivalent weight:
530): 100 parts by weight
Dicyandiamide: 4 parts by weight
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Silicone oligomer-treatéd inorganic filler: 50 parts by
weight

2-ethyl-4-methylimidazole: 0.5 parts by weight

These compounds were dissolved or dispersed in a methyl ethyl
ketone/ethylene glycol monomethyl ether solvent mixture (1:1-
weight ratio), to produce resin varnishes of a non-volatile

solid content of 70 % by weight.

COMPARATIVE EXAMPLE IV-1
A resin varnish was produced in the same manner as
above, except that a calcined clay which had not been

surface-treated was used as an inorganic filler.

COMPARATIVE EXAMPLE 1IV-2

A calcined clay with én adhesion amount of a silane
coupling agent of 0.07 % by wéight was prepared by using 7-
glycidoxypropyltrimethoxysilane (Trade name: A-187, produced

by Nippon Unicar Co., Ltd.) in place of a silicone oligomer-

~containing treating liquid, and a resin varnish was produced

"in the same manner as above, except that the obtained,

calcined clay was used.

COMPARATIVE EXAMPLE IV-3

A calcined clay with an adhesion amount of a
silicone oil of 0.06 % by weight was prepared by using an
epoxy-modified silicone oil.(Trade name: KF10l, produced by
Shin-Etsu Chemical Co., Ltd.) in place of a silicone

oligomer~containing treating liquid, and a resin varnish was
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produced in the same manner as above, except that the

obtained, calcined clay was used.

A glass fabric of about 0.2 mm thickness was
impregnated with each of the resin varnishes produced in
Examples IV-1 to 12 and Comparative Examples IV-1l to 3 to
obtain impregnated glass fabrics, which were then heated to
140°C for 5 to 16 minutes to dry, to obtain prepregs of a
resin content of 41 % by weight. Four sheets bf each prepreg
were superposed on each other, with copper foil of 35 pm
thickness superpoéed on each side of the superposed prepreg,
and fhen bonding was'periormed under the pressing conditions -
of 170°C, 90 minutes and 4.0 MPa, to produce double-sided
copper-clad laminates. -

The obtained. double-sided copper-clad laminates
were examined for drilling processability, water absorption,
soldering heat resistance and electrolytic corrosion

resistance. The results are listed in Tables IV-1 and IV-2.
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. Table IV-1l
Examples

wv-1 1v-2 1Iv-3 1IvV-4 1IV-5 1IV-6 IV-7
Dimethoxydimethylsilane (g) - - 34 20 - 10 -
Trimethoxymethylsilane (g) - 40 - - 20 10 -
Tetramethoxysilane (g) 40 - 8 25 22 20 -
Tetraethoxysilane (g) - - - - - - 40 .
Methanol (g) 93 93 98 105 98 - 93 93
Acetic acid (g) 0.47 0.53 0.60 0.60 0.52 0.52 0.34
Distilled water (g) 18.9 15.8 14.0 17.8 18.3 16.5 13.8
Conditions of synthesis 50°C, 8 hours
Siloxane repeating units 20 15 28 30 25 23 19
Calcined clay Used Used Used Used Used Used Used
Drill rocessabili 19 23 22 18 19 17 20

{craaey d

Water absorption (wt%) - 0.75 0.72 0.71 0.74 0.74 0.72 0.70
Soldering heat resistance OK OK OK OK OK OK OK

>500 >500 »>500 >500 >500 »>500 »>500

Electrolytic ﬁg_r)'rosion

resistance (
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Table IV-2
Examples arative
amples
V-8 IV-9 IV-10 IV-11 IvV-12 IV-1 IV-2 IV-3

Silicone oligomer Used Used Used Used Used - - -
Example No.: v-4 1Iv-4 1Iv-1 1IV-1 1IvV-1
A-187 Used - - - - - Used -
SZ-6032 - Used - - - - - -
KF101 - - - - - - - Used
Calcined clay Used Used - - Used Used Used Used
Talc - - Used - - - - -
Silica - - - Used - - - -
Drilling 24 24 18 19 24 38 36 44

rocessability

crack %)
W?S%g)absorption 0.68 0.67 0.74 0.73 0.77 0.88 0.80 0.92
Soldering heat OK OK OK OK OK OK OK OK
resistance
Electrolytic >500 >500 >500 >500 >500 288 360 240
corrosion '

resistance (hr)

A-187: y-glycidoxypropyltrimethoxysilane

SZ-6032: N-f-(N-vinylbenzylaminoethyl)-y-

aminopropyltrimethoxysilane*hydrochloride

KF10l: epoxy-modified silicone oil

The tests were carried out in the same manner as in

Examples II-1 to 9, Referential Examples II-1 to 5 and

Comparative Examples II-1 to 4.

electrolytic corrosion resistance, test pieces from which

copper foil was completely etched off were used.

Except in the tests for

The results show that the laminates of Examples IV-

1l to 12 did not decreased in soldering heat resistance,

absorbed little water, were hardly cracked by drilling and
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were improved in electrolytic corrosion resistance.

The resin compositions (B) of the present invention
can improve the laminates produced by using them in drilling
processability and in insulation properties including
electrolytic corroéion resistance, without deteriorating the

properties of the conventional laminates.

INDUSTRIAL APPLICABILITY

The prepregs provided by the present invention are
excellent'in the adhesion on the interface between base
materials and resins. The resin varnishes provided by the
present invention are excellent in the dispersibility of

inorganic fillers and in the adhesion on the interface

. between inorganic fillers and resins. The resin compositions

provided by the present invention are also excellent in the
dispersibility of inorganic fillers and in the adhesion on
the interfaces between inorganic fillers ahd resins and
between base materials and resins. The prepregs, resin
varnishes and resin compositions which are provided by the
present invention are useful for the production of laminates
for printed wiring boards and multilayer printed wiring
boards, and the product printed wiring boards and multilayer
printed wiring boards are excellent not only in heat
resistance and moisture resistance, but also in drilling
processability and insulation properties, including
electrolytic corrosion resistance, and are therefore suiltable

as parts of various electric and electronic apparatuses.
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CLAIMS
1. A method of producing prepreg for a printed wiring

board comprising treating a base material with a silicone
oligomer having at least one functional end group reactive to
5. a hydroxyl group, impregnating the treated base material with

a resin varnish, and drying the impregnated base material.

2. | The method of claim 1, wherein the resin varnish

comprises'a resin and a curing agent therefor, the resin

being selected from the group consisting of epoxy resin,
10 polyimide resin, triazine resin, phenolic resin, melamine

resin, polyester resin and modified resins of these resins.

3. The method of claim 1, wherein the silicone
oligomer has a polymerization degree of 2 to 70 and comprises.
at least one kind of siloxane units selected from |

15 difunctional siloxane units (R,S8i0,,), trifunctional siloxane
units (RSiQ;,,) and tetrafunctional siloxane units (SioO,,,),
wherein.each R is an organic group and the organic groups R
in the silicone oligomer are identical with or different from

one another.

20 4. The method of claim 1, wherein the silicone
oligomer comprises difunctional siloxane units (R,S§i0,,,) and
tetrafunctional siloxane units (SiO,,,) and has a

polymerization degree of 6 to 70.

5. The method of claim 1, wherein the silicone
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oligomer comprises trifunctional siloxane units (RSiO,;,,) and
tetrafunctional siloxane units (Si0,,,) and has a

polymerization degree of 6 to 70.

6. The method of claim 1, wherein the silicone
oligomer comprises difunctional siloxane units (R,SiO,,,) and
trifunctional siloxane units (RS1i0,,,) and has a

polymerization degree of 6 to 70.

7. The method of claim 1, wherein the silicone
oligomer comprises difunctional siloxane units (R,Si0,,,),
trifunctional siloxane units (RSiO,,,) and tetrafunctional
siloxane units (Siduz) and has a polymerization degree of 6

to 70.

8. The method of claim 4, 5 or 7, wherein the
tetrafunctional siloxane units (SiO,,,) are at least 15 mol%

of total siloxane units of the silicone oligomer.

9. The method of claim 1, wherein the silicone

oligomer comprises tetrafunctional siloxane units (SiO,,,) and

- has a polymerization degree of 6 to 70.

10. The method of claim 1, wherein the silicone
oligomer comprises trifunctional siloxane units (RSiO,,,) and

has a polymerization degree of 6 to 70.

11. The method of claim 1, wherein the silicone

oligomer is used together with a silane coupling agent for



10

15

20

25

io* ¢ L M S

treating the base material.

12. The method of claim 1, wherein after the treatment
with the silicone oligomer, the treated base material is

further treated with a silane coupling agent.

13. A laminate for a printed wiring board, which is
produced by superpoéing two or more sheets of the prepreg
produced by the method of claim 1 on each other, with a metal
foil supefposed on one or both sides of the superposed sheets
of the prepreg, t6 form a suéerposed composite, and then

bonding the superposed composite with heat and pressure.

14. A method of producing a resin varnish for a printed
wiring board, comprising dipping an inorganic filler in a

treating liquid for surface treatment, and then compounding a

‘resin material directly with the treating liquid containing

the treated inorganic filler, the treating liquid containing
a silicone oligomer dissolved in a solvent, the silicone
oligomer containing at least one kind of siloxane units
'selected from trifunctional siloxane units (RSi0,,) and
tetrafunctional siloxane units (Si0,,;), wherein each R is an
organic group and the organic groups R in the silicone
oligomer are identical with or.different from one another,
having a polymerization degree of 2 to 70, and having at

least one functional end group reactive to a hydroxyl group.

15. The method of claim 14, wherein the resin material

comprises a resin and a curing agent therefor, the resin
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being selected from the group consisting of gpoxy resin,

polyimide resin; triazine resin, phenolic resin, melamine

resin, polyester resin and modified resins of these resins.

16. The method of claim 14, wherein the silicone
oligomer comprises difunctional siloxane units (R,SiO,,;) and
tetrafunctional siloxane units (8iO,,;) and has a

polymerization degree of 6 to 70.

17. The method of claim 14, wherein the silicone
oligomer comprises trifunctional siloxane units (RSi0,,) and
tetrafunctional siloxane units (SiO,,,) and has a

polymerization degreé of 6 to 70.

18. ‘The method of claim 14, wherein the silicone
oligomer comprises difunctional siloxane units (R,Si0,,,) and
trifunctional siloxane units (RSiOyz) and has a

polymerization degree of 6 to 70.

19. The method of claim 14, wherein the silicone'
oligomer comprises difunctional siloxane units (R,Si0,,),
trifunctional siloxane units (RSi0,,,) and tetrafunctional

siloxane units (Si0,,,) and has a polymerization degree of 6
to 70.

20. The method of claim 16, 17 or 19, wherein the
tetrafunctional siloxane units (SiOQ,,,) are at least 15 mol%¥

of total siloxane units of the silicone oligomer.
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21. The method of claim 14, wherein the silicone
oligomer comprises tetrafunctional siloxane units (Si0,,,) and

has a polymerization degree of 6 to 70.

22. The method of claim 14, wherein the silicone

- oligomer comprises trifunctional siloxane units (RSiO;,,) and

has a polymerization degree of 6 to 70.

23. The method of claim 14, wherein the treating liquid
further contains a silane coupling agent dissolved in the

solvent.

24. The method of claim 14, whlerein the treating liquid
further contains a titanate coupling agent dissolved in the

solvent.

25. A laminate for a printed wiring board, which is
produced by impregnating a base material with the resin
varnish which is produced by the method of claim 14, drying
the impregnated base material to form a prepreg, superposing
two or more sheets of the prepreg on each other, with a metal
foil supefposed on one or both sides of the superposed sheets
of the prépreg, to form a superposed composite, and then

bonding the superposed composite with heat and pressure.

26. A resin composition for a printed wiring board,
comprising a resin material and a silicone oligomer which has
a polymerization degree of 2 to 70, has at least one

functional end group reactive to a hydroxyl group, and
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contains at least one kind of siloxane units selected from
trifunctional siloxane units (RSiOQ,;,,) and tetrafunctional
siloxane units (Si0,,,), wherein each R ié'an organic group
and the organic groups R in the silicone oligomer are

identical with or different from one another.

27. The resin composition for a printed wiring board of
claim 26, wherein the resin material comprises a resin and a
curing agent therefor, the resin being selected from the
group conéisting of epoxy resin, polyimide resin, triazine
resin, phenolic resin, melamine resin, polyester resin and

modified resins of these resins.

28. The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises
difunctional siloxane units (R;Sioz,z) and tetrafunctional

siloxane units (SiO,,,) and has a polymerization degree of 6

to 70.

29, The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises
trifunctional siloxane units (RSiO,,;) and tetrafunctional

siloxane units (SiQ,,,) and has a polymerization degree of 6

to 70.

30. The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises
difunctional siloxane units (Rz'Sioz,z) and trifunctional

siloxane units (RSi0,;,,) and has a polymerization degree of 6
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to 70.

31. The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises

difunctional siloxane units (R,S8i0,,), trifunctional siloxane
units (RSiO,,,) and tetrafunctional siloxane units (Sibuz) and

has a polymerization degree of 6 to 70.

32. The resin composition for a printed wiring board of
claim 28, 29 or 31, wherein the tetrafunctional siloxane
units (Si0Q,,,) are at least 15 mol% of total siloxane units of

the silicone oligomer.

33. The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises
tetrafunctional siloxane units (Si0,,) and has a

polymerization degree of 6 to 70.

34. The resin composition for a printed wiring board of
claim 26, wherein the silicone oligomer comprises
trifunctional siloxane units (RSi0,,) and has a

polymerization degree of 6 to 70.

35. The resin composition for a printed wiring board of

claim 26 further containing a coupling agent.

36. The resin composition for a printed wiring board of

claim 26 further.containing an inorganic filler.
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37. The resin composition for a printed wiring board of

claim 26 further containing a coupling agent and an inorganic

filler.

38. A laminate for a printed wiring board, which is

. produced by impregnating a base material with the resin

composition for a printed wiring board of claim 26, drying

the impregnated base material to form a prepreg, superposing
two or more sheets of the prepreg on each other, with a metal
foil superbosed on one or both sides of the superposed sheets

of the prepreg, to form a superposed composite, and then

bonding the superposed composite with heat and pressure.

39. A resin composition for a printed wiring board,
comprising a resin material and an inbrganic filler treated
with a silicone oligomer which contains at least one kind of
siloxane units selected from trifunctional siloxane units
(RS1i0,,;) andltetrafunctional siloxane units (Si0,,,), wherein
each R is an orgéhic.gfoﬁp and the organic groups R in the
silicone oligomer are identical with or different from one
another, has a polymefization degree of 2 to 70, and has at

least one functional end group reactive to a hydroxyl group.

40. The resin composition for a printed wiring board of
claim 39, wherein the résin material comprises a resin and a
curing agent therefor, the resin being selected from the
group consistiﬁg of epoxy resin, polyimide resin, triazine
resin, phenolic resin, melamine resin, polyester resin and

modified resins of these resins.
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41. The resin composition for a printed wiring board of
claim 39, wherein the silicone oligomer comprises
difunctional siloxane units (R,$i0,,,) and tetrafunctional
siloxane units (Si0,,) and has a polymerization degree of 6

to 70.

42. The resin composition for a printed wiring board of
claim 39, wherein the silicone oligomer comprises
trifunctional siloxane units (RSi0,,,) and tetrafunctional
siloxane units (s8i0y,,) .and has a polymerization degree of 6

to 70.

43. The resin composition for a printed wiring board of.
claim 39, wherein the silicone oligomer comprises
difunctional siloxane units (R,Si0,,,) and trifunctional
siloxane units (RSi0,,,) and has a polymerization degree of 6

to 70.

44. The resin compoéition for a printed wiring board of
claim 39, wherein the silicone oligomer comprises

difunctional siloxane units (R,SiO,,,), trifunctional siloxane
units (RSi0,,,) and tetrafunctional siloxane units (810,,,) and

has a polymerization degree of 6 to 70.

45. The resin composition for a printed wiring board of
claim 41, 42 or 44, wherein the tetrafunctional siloxane
units ( Sio,,z) are at least 15 mol% of total siloxane units of

the silicone oligomer.
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46. The resin composition for a printed wiring board of
claim 39, wherein the silicone oligomer comprises
tetrafunctional siloxane units (Si0,,,) and has a

polymerization degree of 6 to 70.

47. The resin compositibn for'a printed wiring board of
claim 39, wherein the silicone oligomer comprises
trifunctional siloxane units (RSiO;,) and has a

polymerization degree of 6 to 70.

48. The resin composition for a printed wiring board of
claim 39, wherein.the inorganic filler is treated with the

silicone oligomer and a coupling agent.

49, A laminate for a printed wiring board, which is
produced by impregnating a base material with the resin
composition for a printed wiring board of claim 39, drying
the impregnated base material to form a prepreg, superposing
two or more sheets of the prepreg on each other, with a metal
foil superposed on one or both sides of the superposed sheets
of the prepreg,lto form a superposed composite, and then

bonding the superposed composite with heat and pressure.



