1 RESIN COWPCSI TI ON, PREPREG AND LAM NATED SHEET [ 0001] Technical Field

The present invention relates to a resin conposition and nore 5
particularly relates to a resin conposition for ruse in prepregs for
printed wiring boards, a prepreg conprisifng the resin conposition

| npregnated into or coated on a base material, and a | am nated sheet
conprising a cured product of the prepre [0002 Back round of the
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di mensi onal accuracy by virtue of their crosslinked structure and thus have
been expensi ve&‘%lused in fields where high reliability is required, for
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sheets. Further, for electronic components, mounting by lead-free

solder and imparting flame retardance without use of halogens have
20 become required from the viewpoint of recent environmental problems,
and higher heat resistance and flame retardance than those of
conventional heat curable resins are required of heat curable resins for
copper-clad laminated sheets. Furthermore, from the viewpoint of
improving safety of products and work environments, heat curable resin
25 compositions that are composed of low-toxic ingredients only and do not
evolve toxic gas and the like have been desired.
[0003] Phosphorus compounds have been proposed as halogen-free
flame retardants as an alternative to bromine-containing flame refardants.
Phosphorus compounds used in flame retardation include phosphoric esters
30  such as triphenyl phosphate and cresyl dipheny! phosphate. Phosphoric
esters have poor resistance to alkalis and thus pose a problem that, in
producing printed boards using phosphoric ester-containing epoxy resins and
the like, desmear treatment or roughening process disadvantageously
causes decomposition of phosphoric acid compounds, disadvantageously
35 leading to elution of material ingredients or an increase in water absorption of
the formed printed boards (patent documents 1 to 3). Further, plasticity of



the fornmed printed boards (patent docunments 1 to 3). Further, plasticity of
t hese phosphoric acid conpounds | eads to di sadvant ageous phenonena such as
| owered gl ass transition points of the resins or |owered breaking strength
and fracture elongation. [0004]In order tg solve the above problens,

i ncorporation of a 5 phosphorus conpound i n an epoxy resin skel eton has
been proposed (patent docunent 4), and it is considered that this nmethod

can reduce t h#'gseophesnhsiicepoidi pempbunde leadss fhotisad\emigarns Pheromaea
treatment |[i ig;rg@g r d the
probl em of | g\%lvlégjl r?% fon‘er?@ r g%@??‘%)mggnﬁ gfe ﬁegggcg: @g&%%ﬁ%@g@?@oxy

or phenolic ré%ﬁﬂ@fg\ﬂﬂdﬁ@ctpm@ph@aw conmpound i ncorporated in a skel eton

t her eof , howe ar g di ta%gpéjs n t a
further, a Ia@oﬂlrmulnt O@E?Q%ﬁ{oa)sp orus Hgorépdg}ﬁ'%dsd?sﬁleﬂf% W?%ygorgfe% in
the resins topb@-‘énmﬂ@s seampeerd onyan| apexyr éesindakelefon dwsi hgenoprpposed

deteriorati On%di'eu’{ta& erﬁ)trﬂ’)oeemd ﬁﬁs@ongﬁ%ﬂd\/?n agZéous @éd ch %HDE@%QW €,

phosphor us cohipounds bur ned evol ve toxi

conpounds suchf@éerpmfs@htl@re of Elm)@@pwmusmmmmtw mte thedwaatment liwé in
retardants ot el %%tﬂ;}’é SoPQHBoﬁH‘lﬁﬁenf g; dp?&‘c?éB%' %mda HH“?F&%W%OX' de

is known as a flane ret ar hat, when~hea causes reactron that
rel eases wat ehowrngon@ﬂa}@ttaaamehm point pptiegrsingocunent 5). The i ncorporation

of al urm rym OB deEbBED BESKRBNAIKERLhe SBHNG SfndiiBaid Scbibubd

general struc r e” of ndm B I‘OXI de"1s | arge,
| ower ed heat hnégrmraiﬁadezrbﬁ sb@et@@ theseolb tmwevrefrl aea clisadvandagsoust in that

crystal lizati tcr,}%t f‘J 38§ duhe Q?&gb%gﬁf{{] ?Pﬁﬁo%ﬁ%é&& cbilR%iBE

skel et on- cont al Ic resins ontalning resins
have al so bee$hcpr|@5 edor@@raieldem the seming ta pravids sawﬁe@togaﬂane rdpedance, 6) .

When the amughaply 4§e5CIRESINSIATGAT BREALE Db ngehﬁersg%f E&Rbad g@ﬁg' S

sometine | owere e evo |on ositlon gas upon
[ 0007] Wherb t hEurétwmreephasmwuapemptowadsawbem baineed, anay disadvaniagecudp t han
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the content o 1 nor a resin conposition is so high
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drilhing porkgbidhibebs $HHBhE ' G8&Ih¥nt Oé’fredl'he incorporation of aluminum
hydroxide into resins, when the amount of gibbsite that is a general structure
of aluminum hydroxide is large, sometimes leads to lowered heat resistance
of resins due to an influence of water of crystallization that is released upon
heating. Further, amino triazine skeleton-containing phenolic resins that are
25 nitrogen-containing resins have also been proposed as other flame
refardants (see patent document 6). When the amount of these resins
incorporated is large, heat resistance is sometime lowered due to the
evolution of decomposition gas upon heating.
[0007] When the above metal hydrates that are flame retardants other
30  than the bromine-containing flame retardants or phosphorus compounds are
used, the content of the inorganic filler in the resin composition is so high that
the resultant resin is hard and brittle. As a result, the abrasion speed of drill
bits is high, and, hence, for example, the frequency of replacement of drili
bits is increased due to breakage of drill bits or lowered accuracy of hole
35 positions, that is, disadvantageously, the drilling workability is significantly
lowered.
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[SUMMARY OF THE INVENTION]
[0009] Accordingly, an object of the present invention is to provide a
resin composition for printed wiring boards that, while maintaining
excellent flame retardance, has excellent heat resistance, reflow
20  resistance, and drilling workability, and, at the same time, has low water
absorption without use of halogen compounds and phosphorus
compounds.
[0010] According to the present invention, there is provided a resin
composition comprising:
25 (A) a non-halogen epoxy resin;
(B} a biphenyl aralkyl phenolic resin;
(C) a maleimide compound; and
(D) an inorganic filler.
[0011] According to other aspects of the present invention, there are
30  provided a prepreg comprising the above resin composition impregnated into
or coated on a base material, a laminated sheet comprising a cured product
of the prepreg, and a metal foil-clad laminated sheet comprising a cured
product of a stack of the prepreg and a metal foil.
[0012] The present invention can realize a resin compaosition for printed
35 wiring boards that, while maintaining excellent flame retardance, has
excellent heat resistance, reflow resistance, and drilling workability, and,
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20 resistance, and drilling workability, and, at the sane tine, has | ow
wat er absorption w thout use of hal ogen conpounds and phosphorus conpounds.
[ 0010] According to the present invention, there is provided a resin

conposi tion conprising: 25(A) a non-hal oggn epoxy resin; (B) a biphenyl
aral kyl phenolic resin; (C) a nmaleimde conpound; and (D) an inorganic
filler. [0011] According to other aspects of the present invention, there
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[DETAILED DESCRIPTION OF THE INVENTION]
[0013] The resin composition according to the present invention
15 comprises (A) a non-halogen epoxy resin, (B) a biphenyl aralkyl phenol resin,
(C) a maleimide compound, and (D) an inorganic filler as indispensable
ingredients.  Individual ingredients constituting the resin composition
according to the present invention will be described.
[G014] <Non-halogen epoxy resin (A)>
20 Any compound that contains two or more epoxy groups per
molecule and is free from a halogen atom within the molecular skeleton may
be used as the non-halogen epoxy resin (A) used in the present invention
without particular limitation. Examples of such non-halogen epoxy resins
include bisphenol A epoxy resins, bisphenol F epoxy resins, phenol novolak
25  epoxy resins, cresol novolak epoxy resins, bisphenol A novolak epoxy resins,
trifunctional phenol epoxy resins, tetrafunctional phenol epoxy resins,
naphthalene epoxy resin, biphenyl epoxy resins, aralky! novolak epoxy resins,
alicyclic epoxy resins, polyol epoxy resins, compounds obtained by
epoxidizing a double bond, for example, in glycidylamines, glycidyi esters,
3C and butadiene, and compounds obtained by reacting hydroxyl-containing
silicone resins with epichlorohydrin. Among them, aralkyl novolak epoxy
resins are preferred from the viewpoint of flame retardance. Such aralkyl
novolak epoxy resins include phenol phenyl aralkyl epoxy resins, phenol
bipheny! aralkyl epoxy resins, and naphthol aralkyl epoxy resins. The non-
35 halogen epoxy resins (A) may be used solely or in a combination of two or
more of them.
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[ 0013] The resin conposition according to the present invention 15
conprises (A) a non-hal ogen epoxy resin, (B) a biphenyl aral kyl phenol
resin, (C) a naleimde conpound, and (D) gn inorganic filler as

i ndi spensabl e ingredients. Individual ingredients constituting the resin
conposition according to the present invention will be described.
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i nclude p e ph nyl aral kyl epoxy resins, phenol biphenyl aral kyl epoxy
resins, and naphthol aralkyl epoxy resins. The non- 3 5hal ogen epoxy resins
(A) may be used sol ely in a conmbination of two or nore of them 5

[ 0015] Preferably, th co tent of the non- hal ogén oxy resin (A is 20 to
60 parts by wei ght e gie < \;n total anmount of the
resins. Here the tqtal t he(tyot al wei ght of

t he non- hal ogen ep y¢4 phenol resin (B), and
the 5 mal ei m de conmpoundy(C). phenol resin (B)>

[0016]<Bighenyl ar al/kyl
wherein m is an integer of 1 or more.

[0018] Preferably, the content of the biphenyl aralkyl phenol resin (B) is

0.7 to 1.4 in terms of an OH/Ep ratioc wherein OH represents the number of

15  hydroxyl groups in the biphenyl aralky! phenc! resin; and Ep represents the
number of epoxy groups in the non-halogen epoxy resin (A). When the
content of the biphenyl aralkyl phenol resin (B} is in the above-defined range
in terms of the OH/Ep ratio, the heat resistance can be improved while
maintaining the glass transition temperature. The specific content of the

20  biphenyl aralkyl phenol resin (B) is preferably 5 to 55 parts by weight based
on the total amount of the resins from the viewpoints of the glass transition
temperature and heat resistance although the content of the biphenyl aralky!
phenol resin (B) may also vary depending upon the content of the non-
halogen epoxy resin (A).

25 [0019] The biphenyl aralkyi phenol resin (B) may be synthesized by
publicly known methods. The weight average molecular weight of the
biphenyl aralkyl phenol resin (B) is preferably about 500 to 8,000. The
biphenyl aralkyl pheno! resin (B} may be a commercially available product.
For example, KAYAHARD GPH-103 (manufactured by Nippon Kayaku Co.,

30  Ltd.) is suitable as the biphenyt aralkyl phenol resin (B).



The bi phenyl aral kyl phenol resin (B) used in the present invention is a
resin represented by fornula (1) that contains two or nore phenolic

hydr oxyl groups per nol ecule. 10[0017] wherein mis an integer of 1 or
nore. [0018] Preferably, the content of thg biphenyl aralkyl phenol resin
(B) is 0.7 to 1.4 in ternms of an O/ Ep ratio wherein OH represents the
nunmber of 15 hydroxyl groups in the biphenyl aral kyl phenol resin; and Ep
represents thE0dber ino@ddihoxjo reobiphenyl artadkyhohehell regien(Bposher maphihal A) .
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hydrogen at onf)02df nol ecul e of 5 which have been substituted by a hydroxyl
group may be used as ot her naphthol resins and/or phenolic resins wthout
particular limtation. Exanples thereof include naphthol aral kyl resins,
phenol novol ak resins, alkyl phenol novol ak resoms, bi sphenol A novol ak
resins, dicyclopentadiedg phenol resins, xylok phenol resins,
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15 wherein n is an integer of 1 or more,

[0022] The amount of the naphthol aralkyl resin (E) incorporated is

preferably not more than 80% by weight based on the whole amount of the

phenolic resins containing the biphenyl aralkyl phenol resin (B) from the

viewpoints of flame retardance, drilling workability, low water absorption,
20 and heat resistance.

[0023] The naphthol aralkyl resin (E) may be synthesized by a publicly

known method. The weight average molecular weight of the naphthol

aralkyt resin (E} is about 200 to 1,000. The naphthol aralkyl resin (E) may

be a commercially available product, and, for example, SN-495
25  {manufactured by Nippon Steel Chemical Co., Ltd.) is suitable for use.

[0024] <Maleimide compound (C)>

in the present invention, any compound containing one or more

maleimide groups per moleucie may be used as the maleimide compound

(C) without particular limitation. Examples thereof include N-
30 phenylmaleimide, N-hydrophenylmaleimide, bis(4-maleimidophenyl)methane,

2,2-bis{4-(4-maleimidophenoxy)-phenyl}propane, bis(3,5-dimethyl-4-



[ 0021] 15wherein n is an integer of 1 or nore. [0022] The anobunt of the
napht hol aral kyl resin (E) incorporated is preferably not nore than 80% by
wei ght based on the whol e anmount of the phenolic resins containing the

bi phenyl aral kyl phenol resin (B) fromthe viewoints of flanme retardance,
drilling workability, |ow water absorption, 20and heat resistance.

[ 0023] The naphthol aralkyl resin (E) may be synthesized by a publicly known
nmet hod. The weiaigimidepheaybmedhansul kis(3nethyhd-nesthy e melgimidophemdingthanesi n
(E) is about tQ C The : sin ( may; o
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combination of ftwo or more of them. Among them, bis(4-
maleimidophenyl)methane, 2,2-bis{4-(4-maleimidophenoxy)-phenyl}propane,
and bis(3-ethyl-5-methyl-4-maleimidophenylymethane are preferred from the

viewpoint of heat resistance.

10 [0025] The content of the maleimide compound (C) is preferably 5 to 50
parts by weight, more preferably 5 to 20 parts by weight, based on 100 parts
by weight of the total amount of the resins from the viewpoints of heat
resistance, reflow resistance, and low water absorption.

[G026] <inorganic filler (D)>
15 in the present invention, any inorganic filler commonly used in

resin compositions for electric wiring boards may be used as the inorganic
filler (D) without particular limitation. Examples thereof include silicas such
as naturally occurring silica, fused silica, amorphous sifica, and hollow silica,
molybdenum compounds such as boehmite, molybdenum oxide, and zinc

20  molybdate, alumina, talc, calcined talc, mica, glass short fibers, and spherical
glass (for example finely divided glass such as E-glass, T-glass, and D-
glass). The inorganic fillers may be used solely or in a combination of two
or more of them. Among the inorganic fillers, boehmite is preferred from the
viewpoints of flame retardance and heat resistance.

25 [0027] Preferably, the inorganic filler (D) has an average particle
diameter (D50) of 0.2 to 5 um from the viewpoint of dispersibility. D50
means a median diameter which is a diameter that, when a measured
particle size distribution of the powder is divided info two groups, the amount
of particles on a coarser side is egual to the amount of particles on a finer

30 side. The D50 value of the inorganic filler is generally measured by a wet
laser diffraction-scattering method.

[0028] The content of the inorganic filler (D) is preferably 50 to 150 parts
by weight, more preferably 50 to 140 parts by weight, based on 100 parts by
weight of the total amount of the resins. When the content of the inorganic

35 filler (D) is in the above-defined range, a high level of heat resistance and a
high level of moldability can be simultaneously realized.
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20 [0031] <Silicone powder (F)>

The resin composition according to the present invention may if

necessary contain a silicone powder (F). The silicone powder (F) functions
as a flame-retarding auxiliary that retards combustion and enhances a flame
retarding effect. The silicone powder (F) suitable for use include a finely
25 divided product of polymethylsilsesquioxane in which siloxane bonds have
been crosslinked in a three-dimensional network form, a finely divided
product of an addition polymerization product of vinyl-containing
dimethylpolysiloxane and methylhydrogenpolysiloxane, a product obtained
by coating a surface of a finely divided product of an addition polymerization
30 product of vinyi-containing dimethylpolysiloxane and
methylhydrogenpolysiloxane with polymethylsilsesquioxane in which siloxane
bonds have been crosslinked in a three-dimensional network form, and a
product obtained by coating a surface of an inorganic carrier with
polymethylsilsesquioxane in which siloxane bonds have been crosslinked in
35 a three-dimensional network form. Preferably, these silicone powders (F)



wei ght of the total anpbunt of the resins. Wen the content of the inorganic
35filler (D) is in the above-defined range, a high |l evel of heat resistance
and a high level of noldability can be simultaneously realized. 8

[0029] The inorganic filler (D) may be addgd solely to the resin
conposition, or alternatively my be added in conbination with sil ane
coupling agents or wetting/dispersing agents. Any silane coupling agent
comonl y usedh@ye soravesega padiciediamsgter 405 anfi tiarékd e &losn the viewpggd@fas 5
the silane coggggf%i ent without particular linmtation. Exanples thereof
include, but are not Fimted to, am nosilane coupli n? agents such as 7-
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bonds have begtielyrarsinla skewination of two or more of them. The addition amount of
the curing accelerator can be properly regulated, for example, from the
viewpoints of the degree of curing of the resins and the viscosity of the resin
composition and is generally about 0.01 to 15 parts by weight based on 100
25  parts by weight in total of the resins.
[0034] The resin composition according to the present invention may
further contain various polymer compounds such as other heat curable
resins, thermoplastic resins, and oligomers and elastomers thereof, other
flame retarding compounds, and additives in such an amount that does not
30 sacrifice desired properties. They may be generally used without particular
limitation as long as they are commonly used in resin compositions for
printed wiring boards. Examples of flame retarding compounds include
nitrogen-containing compounds such as melamine and benzoguanamine and
oxazine ring-containing compounds. Additives include, for example,
35 ultraviolet absorbers, antioxidants, photopolymerization initiators, fluorescent
brighteners, photosensitizers, dyes, pigments, thickeners, lubricanis,



35a three-di nensional network form Preferably, these silicone powders (F)
9 have an average particle dianmeter (D50) of 1 to 15 pmfromthe viewpoint
of dispersibility. [0032] The content of the silicone powder is preferably 1
to 30 parts by weight, nore preferably 14p 20 parts by wei ght, based on
100 parts by 5 weight in total of the resins. Wen the content of the
silicone powder exceeds 30 parts by weight, the noldability and the
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[0036] Any form of base materials that can be impregnated or coated
with the resin composition may be used without particular limitation.
Examples thereof include woven fabrics, nonwoven fabrics, rovings, chopped
strand mats, and surfacing mats. The thickness of the base material is
20  generally approximately 0.01 to 0.30 mm but is not limited to this thickness
range.
[0037] The prepreg according to the present invention can be produced
by impregnating into or coating on the base material with the resin
composition. For example, the prepreg may be produced by impregnating
25  into or coating on the base material with a resin varnish comprising the resin
composition and an organic solvent and heating the impregnated or coated
base material in a drier of 100 to 200°C for 1 to 60 min to semi-cure the resin.
The amount of the resin composition (including the inorganic filler) deposited
on the base material is preferably in the range of 20 to 90% by weight based
30  onthe whole prepreg.
[0038] The organic solvent is used to lower the viscosity of the resin
composition, improve the handleability, and, at the same time, enhance
impregnation of the resin composition into the glass cloth. Any organic
solvent may be used in the resin varnish without particular limitation as long
35 as the non-halogen epoxy resin (A), the biphenyl aralkyl phenol resin (B),
and the maleimide compound (C) can be dissolved therein. Examples
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30 sacrifice desired properties. They may be generally used w thout
particular limtation as long as they are commonly used in resin
conpositions for printed wiring boards. Exanples of flame retarding
conpounds i ncl ude nitrogen-containi ng coqgounds such as nel am ne and
benzoguanam ne and oxazi ne ring-containing conpounds. Additives include,
for exanple, 35ultraviolet absorbers, antioxidants, photopol ynerization
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15 conventional laminated sheets for printed wiring boards or multilayered
boards may be adopted in the lamination moiding. For example, the
lamination molding is generally carried out under conditions of the use of a
multistage press, a multistage vacuum press, a continuous molding machine,
an autoclave molding machine or the like, a temperature of 100 to 300°C, a

20  pressure of 2 to 100 kgf/cm?, and a heating time of 0.05 to 5 hr. Further, in
the present invention, a multilayered board can be formed by lamination
molding of a combination of the prepreg with a separately provided wiring
board for an internal layer.

25 [EXAMPLES]
[0040] The present invention is further illustrated by the following
Examples and Comparative Examples. However, the present invention
is not to be construed as being limited to them.
[0041] Example 1
30  <Preparation of resin composition>
A  biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxy! equivalent: 231 g/eq.)
(35 parts by weight), 50 parts by weight of a biphenylaralkyl epoxy resin (NC-
3000-FH, epoxy equivalent: 321g/eq., manufactured by Nippon Kayaku Co.,
35 Ltd), and 15 parts by weight of  bis(3-ethyl-5-methyl-4-
maleimidophenyl)methane (BMI-70, manufactured by K.I. Kasei K.K.) were



R

[ 0037] The prepreg according to the present invention can be produced by

| npregnating into or coating on the base material with the resin
conposition. For exanple, the prepreg may be produced by inpregnating 25
into or coating on the base material witha resin varnish conprising the
resin conmposition and an organi c solvent and heating the inpregnated or
coated base material in a drier of 100 to 200C for 1 to 60 mn to sem -cure
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organi ¢ sgl veg{ﬁt Wi’?ﬁgosﬁg“{ : 39] <Lanmi nated sheet > _ The

| am nat ed sheet accordi present invention conprises a nol ded
(cured) produfi04@] the prepreg or a stack of a plurality of sheets of the

prepreg. The LamfaLedh SetaltSi BiRddnfithiY sRe@d ding a singl e sheet of

Four sheets of the prepreg were superimposed on each other to
constitute a stack. A 12 um-thick electrolytic copper foil (3EC-IH,
15  manufactured by MITSUI MINING & SMELTING CO., LTD.) was disposed
on the upper surface and the lower surface of the stack, followed by
lamination molding under conditions of a pressure of 30 kgflem? a
temperature of 220°C, and a time of 120 min to obtain a copper-clad
laminated sheet having a 0.4 mm-thick insulating layer.
20 [0043] Example 2
A Dbiphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231 g/eq.)
(20 parts by weight), 20 parts by weight of a naphthol aralkyl resin (SN-495,
manufactured by Nippon Steel Chemical Co., Ltd., hydroxyl equivalent. 236
25 gleq.), 45 parts by weight of a biphenylaralkyl epoxy resin (NC-3000-FH,
epoxy equivalent. 321g/eq., manufactured by Nippon Kayaku Co., L{d.), and
15 parts by weight of bis(3-ethyl-5-methyl-4-maleimidophenyl)methane (BMi-
70, manufactured by K. Kasei K.K.) were dissolved in and mixed with
methyl ethyl ketone. Further, a wetting/dispersing agent (BYK-W903,
30  manufactured by Bik-Chemie Japan K.K.) (1.5 parts by weight), 120 parts by
weight of boehmite (APYRAL AOHG60, manufactured by Nabaltec), and 0.01
part by weight of imidazole (2E4MZ, manufactured by SHIKOKU
CHEMICALS CORPORATION) were mixed thereinto to obtain a varnish.
The varnish was diluted with methyl ethyl ketone. The diluted varnish was
35 impregnated into and coated on a 0.1 mm-thick E-glass woven fabric, and



10 the prepreg or a stack of a plurality of sheets of the prepreg, placing
a netal foil of copper or alum num provided on one surface or both surfaces
of the single prepareg or the stack according to need, and subjecting the
assenbly to nmolding (curing). Any netal #@il used in materials for printed
W ring boards may be used without particular [imtation. Techniques for 15
conventional |am nated sheets for printed wiring boards or nultilayered
boards may bethadioppregnatedtdred caatedalt ighms amplosen dabio wasxberitdrjed Ak 160°C
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CHEMICALS CORPORATION) were mixed thereinto fo obtain a varnish.
20  The varnish was diluted with methyl ethyl ketone. The diluted varnish was
impregnated into and coated on a 0.1 mm-thick E-glass woven fabric, and
the impregnated and coated E-glass woven fabric was heat-dried at 160°C
for 5 min to obtain a prepreg having a resin content of 47.5% by weight.
[0046] A copper-clad laminated sheet having a 0.4 mm-thick insulating
25 layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0047] Example 4
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)
30 (15 parts by weight), 15 parts by weight of a phenol novolak resin (TD-2080,
manufactured by DIC, hydroxy! equivalent: 105g/eq.), and 55 parts by weight
of a biphenylaralkyl epoxy resin (NC-3000-FH, epoxy equivalent: 321g/eq.,
manufactured by Nippon Kayaku Co., Ltd.), and 15 parts by weight of bis(3-
ethyl-5-methyl-4-maleimidophenyl)methane (BMI-70, manufactured by K.l
35 Kasei KK\ were dissolved in and mixed with methyl ethyl ketone. Further,
1.5 parts by weight of a wetting/dispersing agent (BYK-W903, manufactured
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methy! ethyl ketone. Further, 1.5 parts by weight of a wetting/dispersing
agent (BYK-W903, manufactured by Bik-Chemie Japan K.K.), 120 parts by
weight of boehmite (APYRAL AOH60, manufactured by Nabaltec), and 0.01
part by weight of imidazole (2E4MZ, manufactured by SHIKOKU

25 CHEMICALS CORPORATION) were mixed thereinto to obtain a varnish.
The varnish was diluted with methyl ethyl ketone. The diluted varnish was
impregnated into and coated on a 0.1 mm-thick E-glass woven fabric. The
impregnated and coated E-glass woven fabric was heat-dried at 160°C for 5
min to obtain a prepreg having a resin content of 47.5% by weight.

30 [0050] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.

[0051] Example 6
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,

35 manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent. 231g/eq.)

(35 parts by weight), 50 parts by weight of a biphenylaralkyl epoxy resin (NC-



15 net hyl ethyl ketone. Further, 1.5 parts by weight of a

wet ting/ di spersing agent (BYK-W03, nmanufactured by Bi k-Chem e Japan K K.),
120 parts by weight of boehmte (APYRAL AOCH60, manufactured by Nabaltec),
and 0.01 part by weight of imdazole (2E4MZ, nmanufactured by SH KOKU

CHEM CALS CORPORATION) were m xed thereinto to obtain a varnish. 20The
varni sh was diluted with nethyl ethyl ketone. The diluted varni sh was
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t hat the layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0053] Example 7

20 A biphenyt aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)

(40 parts by weight), 45 parts by weight of a biphenylaralkyl epoxy resin (NC-
3000-FH, epoxy equivalent: 321g/eq., manufactured by Nippon Kayaku Co.,
Ltd), and 15 parts by weight of bis(3-ethyl-5-methyl-4-

25 maleimidophenylymethane (BMI-70, manufactured by K.I. Kasei K.K.) were
dissolved in and mixed with methyl ethyl ketone. Further, 1.5 parts by
weight of a wetting/dispersing agent (BYK-W903, manufactured by Bik-
Chemie Japan K.K.), 120 parts by weight of boehmite (APYRAL AOHG0,
manufactured by Nabaltec), 20 parts by weight of a silicone resin powder

30 (Tospeari120, manufactured by Momentive Performance Materials Japan
LL.C), and 0.01 part by weight of imidazole (2E4MZ, manufactured by
SHIKOKU CHEMICALS CORPORATION) were mixed thereinto to obtain a
varnish. The varnish was diluted with methyl ethyl ketone. The diluted
varnish was impregnated into and coated on a 0.1 mm-thick E-glass woven

35 fabric. The impregnated and coated E-glass woven fabric was heat-dried at



prepreg obtained just above was used. [0049] Exanple 5 A bi phenyl
ar al kyl phenol resin (KAYAHARD GPH- 103, manufactured by Ni ppon Kayaku Co.,
Ltd., hydroxyl equivalent: 231g/eq.) 15 (15 parts by weight), 15 parts by
wei ght of a napht hal ene skel et on phenol rletii n (EPI CLON EXB- 9500,

manuf actured by DI C, hydroxyl equival ent:”153g/eq.), and 55 parts by wei ght
of a bi phenyl aral kyl epoxy resin (NC-3000- FH, epoxy equival ent: 321g/eq.,
manuf act ured BEONE fpod Kay akwokEain, alpreépyeg dadingSalrgsar conteynt wéi4phb%oby
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fabric was heat-dried 160C faor,5 mnto ai.n Vi rnesin
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mal ei m dophenyl ) met hapne (BM -7 manuf act ur ed. by K, | asel, K. K. [
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of 47.5% by \Aﬁbgg% fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a
resin content of 47.5% by weight.
[0056] A copper-clad laminated sheet having a 0.4 mm-thick insulating
25  layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[00567] Example 9
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)
30 (55 parts by weight), 15 parts by weight of a naphthalene epoxy resin
(EPICLON EXA-4032-70M, epoxy equivalent: 152g/eq., manufactured by
DIC), 16 parts by weight of a naphthalene skeleton tetrafunctional epoxy
resin (EPICLON EXA-4710, epoxy equivalent. 170g/eq., manufactured by
DIC), and 15  parts by weight of bis(3-ethyl-5-methyl-4-
35  maleimidophenylymethane (BMI-70, manufactured by K.I. Kasei K.K.) were
dissolved in and mixed with methyl ethyl ketone. Further, 1.5 parts by



[ 0052] A copper-clad | am nated sheet having a 0.4 mmthick insulating |ayer
was obtained in the same manner as in Exanple 1, except that the prepreg
obt ai ned just above was used. [0053] Exanple 7 20A biphenyl aral kyl phenol
resin (KAYAHARD GPH 103, nanuf actured by ppon Kayaku Co., Ltd., hydroxyl
equi val ent: 231g/eq.) (40 parts by wei ght]) 45 parts by WEI ght of a

bi phenyl ar al kyl epoxy resin (NC3000-FH, epoxy equival ent: 321g/eq.,
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[ 0055] Exanpl e aségl kyl phenol resin (KAYAHARD

: . A, bi phen
GPH- 103, rranuP[’ﬁﬁr%g SBthQEN%ShB\@ Ltd., hydroxyl equival ent:
2319/ eq.) (50[0080]s bExmep@Ehti), 30 parts by wei ght of a phenol novol ak

epors”[esin 10, (STl I IR cparxcallc o iodekon lanuio hoed o
epoxy equitval evnufatiogidelly , Nippoofitayakie CobyL{d Chydmgl &Guipatens: Bg1gleigght of
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weight of a wetting/dispersing agent (BYK-W903, manufactured by Bik-
Chemie Japan K.K.), 100 parts by weight of an E-glass filler (EGF, average
particle diameter (D50) 1.41 pm, manufactured by Asahi Kasei EMD
Corporation), and 0.01 part by weight of imidazole (2E4MZ, manufactured by
25 SHIKOKU CHEMICALS CORPORATION) were mixed thereinto to obtain a
varnish. The varnish was diluted with methyl ethyl ketone. The diluted
varnish was impregnated into and coated on a 0.1 mm-thick E-glass woven
fabric. The impregnated and coated E-glass woven fabric was heat-dried at
160°C for 5 min to obtain a prepreg having a resin content of 47.5% by
30 weight.
[0060] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0061] Example 11
35 A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)



20 ethyl ketone. The diluted varnish was inpregnated into and coated on a
0.1 mmthick E-glass woven fabric. The inpregnated and coated E-gl ass woven
fabric was heat-dried at 160C for 5 min to obtain a prepreg having a resin
content of 47.5% by weight. [0056] A coppgrsclad | am nated sheet having a
0.4 mmthick insulating 25l ayer was obtained in the sane manner as in
Exanpl e 1, except that the prepreg obtai ned just above was used.
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To[ 00581 A coplBrEoraunPaiaed & AohSe: On vt toBlai fr e eiee WBLEd! arrsin
| ayer was obteontedt ofi7.58 bpweigdnner as in Exanple 1, except that the
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15 layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0063] Example 12
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxy! equivalent: 231g/eq.)
20 (40 parts by weight), 55 parts by weight of a biphenylaralkyl epoxy resin (NC-
3000-FH, epoxy equivalent: 321g/eq., manufactured by Nippon Kayaku Co.,
Ltd.), and 5 parts by weight of a bismaleimide oligomer {(DAIMIDO-100,
manufactured by DAIWA KASEI KOGYO CO,, LTD.) were dissolved in and
mixed with methyl ethyl ketone. Further, 1.5 parts by weight of a
25  wetting/dispersing agent (BYK-W903, manufactured by Bik-Chemie Japan
K.K.), 120 parts by weight of boehmite (APYRAL AOHB0, manufactured by
Nabaltec), and 0.01 part by weight of imidazole (2E4MZ, manufactured by
SHIKOKU CHEMICALS CORPORATION) were mixed thereinto to obtain a
varnish. The varnish was diluted with methyl ethyl ketone. The diluted
30  varnish was impregnated into and coated on a 0.1 mm-thick E-glass woven
fabric. The impregnated and coated E-glass woven fabric was heat-dried at
160°C for 5 min to obtain a prepreg having a resin content of 47.5% by
weight.
[0064] A copper-clad laminated sheet having a 0.4 mm-thick insulating
35 layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.



15 manuf actured by Ni ppon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)
(35 parts by weight), 50 parts by weight of a biphenylaral kyl epoxy resin
(NC3000- FH, epoxy equival ent: 321g/eq., nmanufactured by N ppon Kayaku Co.,
Ltd.), and 15 parts by wei ght of bis(3-etyl-5-nethyl-4-

mal ei m dophenyl) met hane (BML-70, nenufactured by K I. Kasei K K were 20
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wei ght of a wWEX0B5hg/ dEsgpeplsi Hiyy agent (BYK—V@OS nanufactured by Bi kCheni e

ggrp?ir]cr(eKdi) arrétogr p?E)S% b%pﬁ%ﬁ%hta'% kr’ﬁlf ﬁ ur eZ‘Q‘%Sf"h @{ﬁq\( ase R[?V% 103,

ggr galr &'[OI< (L)Jn) , mandfart@redpby tNl?_?omvé{Wuonl niifd?zmrchfo(qﬂ@myalmhui&tg/aq éﬁl EK

The varni sh S gﬁf‘ﬁ'@ﬁ%@@ﬁ?@ﬁ#ﬁﬁd@oﬁ a%llﬁéqdéfg’ﬂg cfwvar nis

i npr egnat ég i f&ﬂ@t&mcbadmokybaqaiveleht mi3Tdieqk rEaglifaskired\anDIGhrdae par{the

i 5

i Lo obtai noh BN R ABKEL RO RN SGh0 811 e B, e oAt

\[,\,2268{)?;228632@/6(1 Inaanufad:teobdsbyeéhp;bvaagalw Co4, Lrtdzt am@55| p{wtsl last wawh’tgyer

obt ai ned | ustbggmge&@g—% @Wﬁo’g‘%ﬁ @%@WT&% ggwmlméﬁala@ﬁgghgnol

resin I( KAYAHARD KEPHK A3 K. I’ﬁa)nwba&:tdmsendifb oy inlNEpg onixEdyaitu ndathyl ethyl kekgrdr oxyl
3 . j

cau valent ZEMREE: s, 4Bk B 058 B, MCBHphuo SRR By RN 2

manuf act ur ed manhfaobaedKay BikuCBeamjie L}ladam K.K5), ﬂﬁﬂtmr’tﬁ/by&m@'ght of boehmite

R T ey AR RAL AR LRSS HIPNABRRG Pl Go1 TRIMIRCLAICER &t

K. 1. Kasei parts tirng/ di sper SI
( BYK- VW03, rrammﬁamlar e 2R MEL k - Chreamivdaclaeain KbK) SIﬂiE(DKthtsOﬂEm@hS of

sPhert ool usERrShoRAMON Yudl T SERBRE TR TS a0 ey
CORPORATIZAN) was elilotedeith m'geilhhbethyb ketohai n Thevdiuted harridhe wasr inipgag vaied
e w8 s R ol K IR SRRULRPERIE" YRS PESRARLSC,
coat ed E- gl assndwuatedf Blglass wa\semwrm:gaeﬁeat diéd Gt ﬂ60°C23 fgn B ntio t(r)biffmgg a
PP €9, e, g 5 iR Bl oty B koL gl 10521 A opper-clad |
t he same mann@0668F i nA Ecppel-elad lenicefad shedt hinngrae B gnobthadkndujatisg
above was, useIQWel[ %%%t%m% ih ghe same manner as in Example 1, except that the

prepreg obtained just above was used.

[0067] Example 14

A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,

manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)

25 (35 parts by weight), 5 parts by weight of an amino triazine novolak resin
(PHENOLITE LA-3018-50P, hydroxy! equivalent: 151g/eq., manufactured by
DIC), 45 parts by weight of a biphenylaralkyl epoxy resin (NC-3000-FH,
epoxy equivalent: 321g/eq., manufactured by Nippon Kayaku Co., Ltd.}, and
15 parts by weight of bis(3-ethyl-5-methyl-4-maleimidophenyl)methane (BMI-

30 70, manufactured by K.I. Kasei K.K.) were dissolved in and mixed with
methyl ethy! ketone. Further, 1.5 parts by weight of a wetting/dispersing
agent (BYK-W903, manufactured by Bik-Chemie Japan K.K.), 120 parts by
weight of boehmite (APYRAL AOH60, manufactured by Nabaltec), and 0.01
part by weight of imidazole (2E4MZ, manufactured by SHIKOKU

35 CHEMICALS CORPORATION) were mixed thereinto to obtain a varnish.
The varnish was diluted with methyl ethyl ketone. The diluted varnish was



A Dbi phenyl aral kyl phenol resin (KAYAHARD GPH- 103, manufactured by N ppon
Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.) 20 (40 parts by weight),
55 parts by weight of a biphenyl aral kyl epoxy resin (NC3000- FH, epoxy

equi val ent: 321g/eq., manufactured by N RRON Kayaku Co., Ltd.), and 5 parts
by wei ght of a bi smal ei m de ol i goner (DAI'M DO 100, manuf actured by DAl WA
KASE1 KOGYO CO., LTD.) were dissolved in and m xed with nethyl ethyl
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fabric was heaf - drlea@ quSE: éor 5amn t,0 obtain a prepreg having a resin
content of 47P58Y % ust g %‘ﬁ?)y éc}ﬁﬁ r-clad | am nated sheet having a
0.4 mmthick jO0S@] at i mrﬁ@iel tyer was obtained in the sane manner as in

Exanpl e 1, except thaj t I e t ai.ned ]USt ab e j
[0065] Exanpl e 13 A tEBnghgP DRI drEneL rSﬁ'Enow&ﬁ%‘%qﬁkﬁ\%B
GPH- 103, nanufrmt;fa@debybw MpponI%zyyed«w Ca.,, Lidt dhydrby;zlr eqyivaleqti 230 @aq:)
2319/ eq. ), {35 rt rts b
novol ak r1e0(5| n@a &Bg %?(5’)%/”1% que(gi'lté’ Fg”al%%(fla%am%su ;g%@ur ed by
D1C), 45 partmalm;afammr@ht b9f Nippurp8tegl @hainkigal Suoxy td.ediytroNC- SOavalERE:
epoxy equi val . 3219/ e manuf,act ur.e b N| p K . d.)...and
T o o by vereietar Al BRI SE By 1 A ShiPRing Rty oveiygsin
(BM -70, nmanuf mENMEMSMSme&rM) ewﬂweimtsﬂ;mgled imamufdciurectywi t h
net hyl et hyl on 10, Further 5 parts ight of a
wetting/ di spebgtlg)n f“%\ EBY‘KeWE)I?f B’F%ﬁ%ﬁaﬁ %P%kre@%r{fl\'g 38%%#*1< K.),
120 partSlEby amghequralbnemﬁm Aﬁiélﬂ%lfaa%ﬂdﬁﬁby arpdrageyaied Goy, Nabakndc) ,
and 0.01 part h acture.
GEM CALS o) brere i af BiRer ek s e et U aPipaimohine
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mn to obtai nagemr(@YHeYIGBimanafacesed bydiketemie JaparKHy. )VWQJMO pﬁaﬁ@66] A
copper - cl.ad I m nat ed av t hi ck |n ul ati y
bt ned 2th +F6 e sERAehmiE WAk oM. Bdlisnoiied HBafhigd gha "o
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hydr oxyl equi é%%&%%“ were m:xedyt o2l o Xgéam varrhéﬁj
The varnish was diluted with methyl ethyl ketone. The diluted varnish was
impregnated into and coated on a 0.1 mm-thick E-glass woven fabric. The
25  impregnated and coated E-glass woven fabric was heat-dried at 160°C for &
min to obtain a prepreg having a resin content of 47.5% by weight.
[0070] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
30  [0071] Example 16
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)
(15 parts by weight), 15 parts by weight of a naphthalene skeleton phenol
resin (EPICILON EXB-9500, manufactured by DIC, hydroxyl equivalent:
35  153g/eq.), 5 parts by weight of an amino triazine novolak resin (PHENOLITE
LA-3018-50P, hydroxyl equivalent: 151g/eq., manufactured by DIC), 50 parts



25 (35 parts by weight), 5 parts by weight of an amno triazine novol ak
resin (PHENCLI TE LA-301 8-SOP, hydroxyl equivalent: 151g/eq., manufactured
by DIC), 45 parts by wei ght of a bi phenyl aral kyl epoxy resin (NC 3000-FH,
epoxy equival ent: 321g/eq., manufactured.y N ppon Kayaku Co., Ltd.), and
15 parts by weight of bis(3-ethyl-5-nmethyl™-4-nmal ei m dophenyl ) nmethane (BM -
30 70, manufactured by K 1. Kasei K K ) were dissolved in and m xed with
met hyl et hyl ketveright #ua bipdrenyll atalipdrepoxpyresiai M—Bﬁﬂﬂé:w\eemﬁxygéqmsﬁerl‘si ng

3giegtht(EFKBX\%%'%%B?W?&%@YFﬂ%é%ﬁﬁ‘%&%’?%%&@ﬁ% ec) d);%e tpart
by wei ght of bfﬁbdmzcﬁttwl{&mImimmybmmmﬁﬂwﬂgwﬁmafac&red
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K. KaséliS K layer mseobliasrm:d vethe sasred manted as inh Exatripye Tetdxyclepkmairtbe

Furt her, E Pé$ b ht og a wetting/di spersing agent (BYK-WD03,
manuf actured % $< Juﬁla RV?(WQ.S)U,S nd 120 parts 20 by wei ght of
boehm te (APYRAZ3POHOExampleufAct ured by Nabal tec) and 0.01 part by wei ght
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A bi phenyl arebdopt eqxhlealeht r3sigled Mﬂm%ﬂwppmmwakm lﬁcedL’miy) I‘allnpipon
Kayaku Co.

parts by vei gﬁ}{’i pgf‘ts %‘&%f@#haﬁﬁﬁﬁaﬁ@f’& gr')ale(r CFP?H‘?M) @E@@%O

manuf act @med By, BAdbufdotdreskyly EduikedetK K.) were dissolved in and mixed with
methyl ethyl ketone. Further, 1.5 parts by weight of a wetting/dispersing
agent (BYK-W903, manufactured by Bik-Chemie Japan K.K.), 120 parts by
weight of boehmite (APYRAL AOHG60, manufactured by Nabaltec), 20 parts

by weight of a silicone rubber powder having a surface coated with a silicone

30 resin (silicone composite powder KMP-605, manufactured by The Shin-Etsu
Chemical Co., Ltd.), and 0.01 part by weight of imidazole (2E4MZ,
manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyl
ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-

35  thick E-glass woven fabric. The impregnated and coated E-glass woven



35153g/eq.), 5 parts by weight of an am no triazine novol ak resin

(PHENCOLI TE LA-3018-50P, hydroxyl equivalent: 151g/eq., manufactured by
DIC), 50 parts 21 by weight of a biphenyl aral kyl epoxy resin (NC 3000-FH,
epoxy equival ent: 321g/eq., manufactured Ni ppon Kayaku Co., Ltd.), and
15 parts by weight of bis(3-ethyl-5-nmethyl” 4-mal ei m dophenyOnet hane
(BM-70, manufactured by K 1. Kasei K K ) were dissolved in and m xed with
met hyl et hyl fedtricneas Sebdtibermi 1605Cdar bsmiy tavebigtin agfreprage hbiving/ a@irsperr si ng

agent (BYK-W@® b Bi k- Chem e Japan K K.), 120 parts by
wei ght of boeggﬁﬂtﬁgpgﬁ Mﬁﬁ%%t manuf actured by Nabaltec), and 0.01 part

by wei ght of [07dazol & ¢EppeMe|adramihatedisbeethlyaBhty KORY GHBENHTALIBsulating

it uted with by HARRL LI S5 Hidteo oVl Brdimid” clBbt At afle e
and coat ed onpeepded ohtaindd pist Bbgveemswseen fabric. The inpregnated and

coated E-dl asgm\gg;]/en é%‘g 1{?5 heat-dried at 160C for 5 mn to obtain a

prepreg havin esi of 47.5% by wei ght. [0072] A copper-cl ad
| am nat ed sheet havi ng abiphdnyim arallok |prsarioat iraginl5(MAYAHARLY dBPHEFHEY in

t he sane mann I ;- t that, th r : .n | MSt
above was used. " b FRYT p resin
Bl drE B Body RAVERE! Co"%ed RrBos SlupRGR 281 4ES)
( KAYAHARD GPH3ED Bartsoyuvaihty, €d pbyts Ny paeigagfatiu aBoing thiading gdrlak yesin
equi val ent,; 2 I j ) p y i
amno tr iqaozi nﬁ%@@@ﬁéﬁfggﬁ%gﬂ?@?éﬁ:\é&[%agg??ﬁgog%ﬁ§§r 5&%+&gét&?%%§gnt :
1519/ eq., na?[)i(aptétﬁ @drisybPiwgightd 6f |a\a|btpﬁebyl waaill/gyhtepﬁxyaré:%rpﬂbl@BO@%&l!—kyl
epoxy resin - - equi Vv ; > ur i ppon
Kayaku Co. | LEROR SQfAleat bR M bt B ishan RaPHsT R o ot
mal ei m dophenyb paetshgneecigBivbf bRE3-éthylBametiad dumatkimiddghenyKaethane ©BRi-wer e
di ssolved in d_m with, methyl.. et hy, et one. .Furt her. S
wei ght of a V\ZIIF)]T F%fugg%tgreercgibﬁgkgg se< é%/eé(me %%({;Jygcgt'[]r%%gb@%l k‘-’@éem’ e
\Iilggaln K. ;{.5) ,Zommaa‘thyd Mpmﬁi gﬁ?rth)a’ar, bllofétmimse by AR AL d!fw%ettirr_gmiémsiugfed by
altec), t t ili,cone.,r I e Y ace
coated wi i o288 BYRIP CpfhBell el R BB b PG K o2 BB ¥
manuf act ur ed Wgighhef Soehriies(AFYRAL RDHED, manudadturechtdy Ndlalisa) t 20 ypavisi ght
of im dazol e E4NZ, uf act ur ed . SHI K EM PORAT re
i xed thorel nth VBEh Bl 1 S YT RO THOAT nf LA AR 601 ot AU Re By
et hyl ket one. MbheesrdiveuPedovaancs iMaeeidismlagmated) .01 apart coptweigbh of 0. 1
oo 35 thick Fighisie YEIMALTT € dNGaLiRESI"BY Y IR ATt e e/ @Rsoven
CORPORATION) were mixed thereinto to obtain a varnish. The varnish
was diluted with methyl ethyl ketone. The diluted varnish was impregnated
into and coated on a 0.1 mm-thick E-glass woven fabric. The impregnated
and coated E-glass woven fabric was heat-dried at 160°C for 5 min to obtain
25 a prepreg having a resin content of 47.5% by weight.
[0076] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0077] Comparative Example 1
30 A naphthol aralkyi resin (SN-495, manufactured by Nippon Steel

Chemical Co., Ltd., hydroxyl equivalent: 236g/eq.) (35 parts by weight), 50
parts by weight of a bipheny! aralkyl epoxy resin (NC-3000-FH, epoxy
equivalent: 321g/eq., manufactured by Nippon Kayaku Co., Lid.), and 15
parts by weight of bis(3-ethyl-5-methyl-4-maleimidophenyl)methane (BMI-70,
35 manufactured by K.1. Kasei K.K.) were dissolved in and mixed with methyl
ethyl ketone. Further, 1.5 parts by weight of a wetting/dispersing agent



fabric was heat-dried at 160C for 5 mn to obtain a prepreg having a resin
content of 47.5% by weight. [0074] A copper-clad | am nated sheet having a

0.4 mmthick insulating | ayer was obtained in the same nanner as in
Exanpl e 1, except that the 5prepreg obtaiyged just above was used.
[ 0075] Exanpl e 18 A bi phenyl aral kyl phenol resin (KAYAHARD

GPH- 103, manufactured by Ni ppon Kayaku Co., Ltd., hydroxyl equivalent:
2319/ eq.) (35(BEK{490Y, mangfaciyred hyaBisCbhymieilgban . Kan1abipaoistiry weighd

novol ak resin A r ' : ,
manuf act ur ed 81;1/8&@;'{@%‘3%5;\?%?8 ?uf(%%t‘aé&ﬁ?ﬁkh%%éil%%k,%?{gy?.bz oxr?g}lesi n
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wei ght of a ing/ di rSi | A - flactu - | k=Chhem e
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manuf act ur ed | or | gl apan LLC), 0.01 part by
wei ght of 20 %f%@%@ﬂiﬂ@;ﬁﬁ%l%@ﬁ%igﬁ??%%ﬁg%@ﬁ U CHEM CALS
CORPORATI ON) M&78] mi xédcdpper-eiatt anioatdst aheetahsdangi s 0.4 Thre-thkninshialiag
diluted with l..e A 0 ' var gl [ into
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coat ed E- gl asprepoeg pbfahed pishaboveabsdisedd at 160C for 5 min to obtain 25a
prepreg havin & esie cont ent f rﬁ .D% by weight. [0076] A copper-cl ad
| am nat ed she®€t ﬁllvi ng—(a-%g’j—nﬁ%ﬂ—é\(—ro e &4 nsul at i ng | ayer was obtained in the
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1.5 parts by weight of a wetting/dispersing agent (BYK-W803, manufactured
20 by Bik-Chemie Japan K.K.), 120 parts by weight of boehmite (APYRAL
AOH60, manufactured by Nabaltec), and 0.01 part by weight of imidazole
(2E4MZ, manufactured by SHIKOKU CHEMICALS CORPORATION) were
mixed thereinto to obtain a varnish. The varnish was diluted with methyl

ethyl ketone. The diluted varnish was impregnated into and coated on a 0.1
25 mm-thick E-glass woven fabric. The impregnated and coated E-glass

woven fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a

resin content of 47.5% by weight.

[0080] A copper-clad laminated sheet having a 0.4 mm-thick insulating

layer was obtained in the same manner as in Example 1, except that the
30 prepreg obtained just above was used.

[0081] Comparative Example 3

A phenol novolak resin (TD-2090, manufactured by DIC, hydroxyl

equivalent: 105g/eq.) (25 parts by weight), 60 parts by weight of a biphenyl
aralkyl epoxy resin (NC-3000-FH, epoxy equivalent: 321g/eq., manufactured
35 by Nippon Kayaku Co., Ltd.), and 15 parts by weight of bis(3-ethyl-5-methyl-
4-maleimidophenylimethane (BMI-70, manufactured by K.|. Kasei K.K.) were



23 (BYK-W03, manufactured by Bi k-Chem e Japan K K ), 120 parts by wei ght
of boehm te (APYRAL ACH60, manufactured by Nabaltec), and 0.01 part by

wei ght of i m dazole (2E4MZ, nmanufactured by SH KOKU CHEM CALS CORPORATI ON)
were nixed thereinto to obtain a varnish.,,The varnish 5 was diluted with
met hyl ethyl ketone. The diluted varni sh was inpregnated into and coated on
a 0.1 mthick E-glass woven fabric. The inpregnated and coated E-gl ass
woven fabric dissoledtindanédnaedl 6l methyd ethpl ketasist aifurtnepr ddr gmrisabiyng a

i tent 7.0% I,Q: L 007 o d i
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di ssolved in gn ] | I t Eur,t . r
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manuf act ur.ed ), .0.01 part by weight of imdazole (2E4M,
manuf act Hroed g%ﬁ“gﬁf%%gé@?%ﬁq} CORPORATI ON) were m xed thereinto to
obt ai n a var nji&i82] TheAvampiesieiath andinbtede dheett havieg by 0.4 riryplthiokt imselatimpe
di l uted varni [ ed. i a ted. o 2 '
£ gi'acs voverpghis ORRERITLF the 2o Rl AC i RS it it e
heat - dri ed at prep@€y bbtaifedjust abowebtvasnisedpr epreg having a resin content of
47.5% by wei 9[%835 008@13'6‘ CP@E‘%E cl ﬁdl Ifn‘i nat ed sheet having a 0.4 mmthick
i nsul ati ng ay f S+ the same manner as in Exanmpl e 1,
except th&t the 30 prApnephthiaieneneskgletsh abhewvel wasinusEPICLODB 1FERBP0GtL i ve
Exanpl e 3 he novol ak resin.( , by -D1C,
hydr oxyl equi ngngﬁﬁc:tur'%g%d/ Q&#,)hy(dé%x gﬂ&va@"tvé%ﬁ%as (%g%%ﬁstaby‘géﬁﬁgl éﬁt of
a bi phenyl arphity|byepoight efia Kipkiei3008rdityl epayy resjoi (NC&000-BE 1 gfpexy,
manuf act ur ed Ni.pp ak v LG n Lt s~hy i\0 f
b1 (3 ot hy - SRRV I A2 1R i aanmeRd by nIREot ARk Rl DR EnE d5by
K. 1. Kasei K. arfs gneeight of bis(3-ethyl-5-methyl-4-maleimidophenyl)methane (BMI-70,

20  manufactured by K.1. Kasei K.K.) were dissolved in and mixed with methyl

ethyl ketone. Further, 1.5 parts by weight of a wetting/dispersing agent
(BYK-W903, manufactured by Bik-Chemie Japan K.K.), 120 parts by weight
of boehmite (APYRAL AOH60, manufactured by Nabaltec), and 0.01 part by
weight of imidazole (2E4MZ, manufactured by SHIKOKU CHEMICALS

25 CORPORATION) were mixed thereinto to obtain a varnish. The varnish
was diluted with methy! ethyl ketone. The diluted varnish was impregnated
into and coated on a 0.1 mm-thick E-glass woven fabric. The impregnated
and coated E-glass woven fabric was heat-dried at 160°C for 5 min to obtain
a prepreg having a resin content of 47.5% by weight.

30 [0084] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.

[0085] Comparative Example 5
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
35  manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231g/eq.)

(45 parts by weight) and 55 parts by weight of a biphenyl aralkyl epoxy resin



24 dissolved in and m xed with nethyl ethyl ketone. Further, 1.5 parts by
wei ght of a wetting/dispersing agent (BYK-W03, nmanufactured by Bi kChem e
Japan K K. ), 120 parts by wei ght of boehm te (APYRAL AOH60, manufactured by
Nabal tec), and 0.01 part by wei ght of im.,azole (2E4MZ, 5 manufactured by
SHI KOKU CHEM CALS CORPORATI ON) were m xed thereinto to obtain a varnish.
The varnish was diluted with nethyl ethyl ketone. The diluted varnish was
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fabric was heat - d“e\%@ q1 g%)or S5 mn. to obtain a prepreg having a resin
content of 47°%3 @% jussg Bﬁ)ﬁaﬁ Ll:s'c?rsjper-cl ad | am nat ed sheet having a
0.4 mmthixk [(}ﬂ)éﬂ'ﬂ at i 8anipayativenasamples ned in the sane manner as in Exanple
Seampl o5 o PRPERRBR SRl Sl drer - B R MRS 03
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manufactured by Nippon Steel Chemical Co., Lid., hydroxyl equivalent:
20  236g/eq.), and 60 parts by weight of a biphenyl aralkyl epoxy resin (NC-

3000-FH, epoxy equivalent: 321g/eq., manufactured by Nippon Kayaku Co.,
Ltd.) were dissolved in and mixed with methyl ethyl ketone. Further, 1.5
parts by weight of a wetting/dispersing agent (BYK-W803, manufactured by
Bik-Chemie Japan K.K.), 120 parts by weight of boehmite (APYRAL AOHG60,

25 manufactured by Nabaltec), and 0.01 part by weight of imidazole (2E4MZ,
manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyl
ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-
thick E-glass woven fabric. The impregnated and coated E-glass woven

30 fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a resin
conient of 47.5% by weight.
[0088] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.

35  [0089] Comparative Example 7




25 (NC- 3000- FH, epoxy equival ent: 321g/eq., manufactured by N ppon Kayaku
Co., Ltd.) were dissolved in and m xed with nethyl ethyl ketone. Further,
1.5 parts by weight of a wetting/dispersing agent (BYK-WO03, manufactured
by Bi k- Chem e Japan K K. ), 120 pads by jght of boehmte (APYRAL 5 ACH60,
manuf actured by Nabal tec), and 0.01 part by weight of im dazole (2E4MZ,
manuf act ured by SH KOKU CHEM CALS CORPORATION) were m xed thereinto to
obtai n a varni sh. TheAvabiphshylwagradiyl utpdebnai t esiot h{AYAHARX et@Rid-10the
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i nsul ati ng Ia'f/ the sanme manner as in Exanple 1, except
t hat the prepj0d§0dbt aAnespgensiadbovieates sheeld ha@Ghg[ H @68 [donihickainsukatiBganpl e

7 26 A bi nyl , aral kyl. _phenal resin YAHARD GPH-
manuf act ur ed BYeRERORDRLRD & Sepf indicas g EEAUA e BB it (20
parts by wei ghtgpre@0bfmnéd jUsy abevetasafseal. cr esol novol ak resin (PHENCLI TE
KA- 1165, gaanufoﬁ%klr edcgﬁp[a)lre%veh%%rﬂépg g €qui val ent: 119g/eq.),

A bipheny! aralkyl phenol resin (KAYAHARD GPH-103,

manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)

(15 parts by weight), 15 parts by weight of a phenol novolak resin (TD-2090,
manufactured by DIC, hydroxyl equivalent: 105g/eq.), and 70 parts by weight
25  of a biphenyl aralkyl epoxy resin (NC-3000-FH, epoxy equivalent: 321g/eq.,
manufactured by Nippon Kayaku Co., Ltd.) were dissolved in and mixed with
methyl ethyl ketone. Further, 1.5 paris by weight of a wetting/dispersing
agent (BYK-W903, manufactured by Bik-Chemie Japan K.K.), 120 paris by
weight of boehmite (APYRAL AOHB0, manufactured by Nabaltec), and 0.01
3¢ part by weight of imidazole (2E4MZ, manufactured by SHIKOKU
CHEMICALS CORPORATION) were mixed thereinto to obtain a varnish.
The varnish was diluted with methyl ethyl ketone. The diluted varnish was
impregnated into and coated on a 0.1 mm-thick E-glass woven fabric. The
impregnated and coated E-glass woven fabric was heat-dried at 160°C for 5
35  min to obtain a prepreg having a resin content of 47.5% by weight.



5 and 60 parts by weight of a biphenyl aral kyl epoxy resin (NC 3000-FH,
epoxy equi val ent: 321g/eq., manufactured by N ppon Kayaku Co., Ltd.) were
di ssolved in and m xed with nmethyl ethyl ketone. Further, 1.5 parts by

wei ght of a wetting/dispersing agent (BYK 903, manufactured by Bi kChem e
Japan K K ), 120 parts by wei ght of boehmte (APYRAL AOH60, 10 nmanufactured
by Nabaltec), and 0.01 part by weight of imdazole (2E4MZ, manufactured by
SHI KOKU CHEM [DASR2] CORRGRATIeDjadvameinatece dhedehaving ca tlod obnaihickainseaiatingh.
The varni sh i)t ith. | et t.one, | lqut j was
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fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a resin

20 content of 47.5% by weight.

[0094] A copper-clad laminated sheet having a 0.4 mm-thick insulating

layer was obtained in the same manner as in Example 1, except that the

prepreg obtained just above was used.

[0095] Comparative Example 10

25 A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)

(25 parts by weight), 10 parts by weight of an amino triazine novolak resin
(PHENOLITE LA-3018-50P, hydroxyl equivalent: 151g/eq., manufactured by
DIC), and 85 parts by weight of a bipheny! aralky! epoxy resin (NC-3000-FH,
30  epoxy equivalent: 321gfeq., manufactured by Nippon Kayaku Co., Ltd.) were
dissolved in and mixed with methy! ethyl ketone. Further, 1.5 paris by
weight of a wetting/dispersing agent (BYK-W803, manufactured by Bik-
Chemie Japan K.K.), 120 parts by weight of boehmite (APYRAL AOCHGE0,
manufactured by Nabaltec), and 0.01 part by weight of imidazole (2E4MZ,
35  manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyi
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manuf actured by N ppon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.) (20
parts by weight), 20 parts by weight of a naphthal ene skel eton phenol resin
(EPI CLON EXB- 9500, manufactured by DI C, hydroxyl equivalent: 153g/eq.), and
60 parts by weight of a biphenyl aralkyl ,gpoxy resin (NC 10 3000-FH, epoxy
equi val ent: 321g/eq., manufactured by N ppon Kayaku Co., Ltd.) were

di ssolved in and m xed with nethyl ethyl ketone. Further, 1.5 parts by

wei ght of a wketohag/ dhepliutidhpragdnvag Bypregpeid imémanhdcoatastiony Bil kKnheni e

Japan K K.), A ' . Of ehm \ el f ed by
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The varni sh W@t?ntgh“éﬁifps% %P“]g;%mw et hyl ketone. The diluted varni sh was
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i npregnated into and coate 0.1 mmthick E-glass woven fabric. The
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manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyl

ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-
thick E-glass woven fabric. The impregnated and coated E-glass woven
25 fabric was heat-dried at 160°C for 5 min to obfain a prepreg having a resin
content of 47.5% by weight.
[0098] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
30 [0099] Comparative Example 12
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)

(12 parts by weight), 12 parts by weight of a naphthalene skeleton phenol
resin (EPICLON EXB-9500, manufactured by DIC, hydroxyl equivalent:
35 153g/eq.), 10 parts by weight of an amino triazine novolak resin
(PHENOLITE LA-3018-50P, hydroxyl equivalent: 151g/eq., manufactured by



10 manufactured by N ppon Kayaku Co., Ltd., hydroxyl equivalent: 231g/eq.)
(14 parts by weight), 14 parts by weight of a naphthol aral kyl resin

(SN- 495, nmanufactured by N ppon Steel Chemical Co., Ltd., hydroxyl

equi val ent: 236g/eq.), 10 parts by wei ghtopf an amino triazine novol ak
resin (PHENOLI TE LA-3018-50P, hydroxyl eqw val ent: 151g/eq., manufactured

by 15 DIC), and 62 parts by weight of a biphenyl aral kyl epoxy resin
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( EPI CLON EXB- y DIC, hydroxyl equivalent: 35153g/eq.),
10 parts by mg‘?*%%{“ of aﬁ%gg#n (?quﬁl azi ne novol ak resin (PHENOLI TE
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wei ght of a V\@L]?I.l g/ agen I( YK-W203, manuf actured by Bi k- 5
Chem e Japan of boehm te (APYRAL ACHG0,
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47.5% by wei gﬁtC) [c0d Y] parts pyeveightidf & diphemyedraikyd eporgvesig (N®3808hH, hi ck
i nsul ating epoxy equivalent: 321 g/eq., manufactured by Nippon Kayaku Co., Ltd.) were
dissolved in and mixed with methyl ethyl ketone. Further, 1.5 paris by
weight of a wetting/dispersing agent (BYK-W803, manufactured by Bik-

25  Chemie Japan K.K)), 120 parts by weight of boehmite (APYRAL AOHGO,
manufactured by Nabaltec), and 0.01 part by weight of imidazole (2E4MZ,
manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyl
ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-

30 thick E-glass woven fabric. The impregnated and coated E-glass woven
fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a resin
content of 47.5% by weight.

[0102] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the

35  prepreg obtained just above was used.

[0103] Comparative Example 14




| ayer was obtained in the sanme manner as in Exanple 1, except that the 15
prepreg obtai ned just above was used. [0101] Conparative Exanple 13

A bi phenyl aral kyl phenol resin (KAYAHARD GPH 103, manufactured by N ppon
Kayaku Co., Ltd., hydroxyl equivalent: 2%30 g/eq.) (20 parts by weight), 20
parts by weight of an am no triazine novélak resin 20 ( PHENCLI TE

LA- 3018-50P, hydroxyl equivalent: 151g/eq., manufactured by DI C), and 60
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(NC- 3000-1FH, legtorg. efbé Gl varBzh wasimpregratdditta ned doptdd ppen0 Kayeku
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e ok 28 g1 18YS! s np B 1 e B MRy A B emed 2 grRl LHid0en
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content o y weight. ] opper-clad | am nated sheet having a
0.4 mmthick anéqéjjat Yﬁ%&@@@b@gﬁ@g&ﬁl ned in the sane manner as in
Exanpl e 1, except thaA thiphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxy! equivalent: 231 g/eq.)
25 (10 parts by weight), 10 parts by weight of a naphthalene skeleton phenol
resin (EPICLON EXB-9500, manufactured by DIC, hydroxyl equivalent: 193
gl/eq.), 20 parts by weight of an amino triazine novolak resin (PHENOLITE
LA-3018-50P, hydroxyl equivalent: 151 g/eq., manufactured by DIC), and 60
parts by weight of a biphenyl aralkkyl epoxy resin (NC-3000-FH, epoxy
30 equivalent: 321 g/eq., manufactured by Nippon Kayaku Co., Lid.) were
dissolved in and mixed with methyl ethyl ketone. Further, 1.5 parts by
weight of a wetting/dispersing agent (BYK-W903, manufactured by Bik-
Chemie Japan K.K.), 120 parts by weight of boehmite (APYRAL AOHGE0,
manufactured by Nabaltec), and 0.01 part by weight of imidazole (2E4MZ,
35  manufactured by SHIKOKU CHEMICALS CORPORATION) were mixed
thereinto to obtain a varnish. The varnish was diluted with methyl ethyl




prepreg obtained just above was used. [0105] Conparative Exanple 15

A bi phenyl aral kyl phenol resin (KAYAHARD GPH 103, manufactured by N ppon
Kayaku Co., Ltd., hydroxyl equivalent: 231 g/eq.) 25 (10 parts by weight),
10 parts by weight of a naphthal ene skel efjon phenol resin (EPI CLON

EXB- 9500, manufactured by DIG hydroxyl €quivalent: 153 g/eq.), 20 parts by
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prepreg havi ng) esi K2 argpt by wei ght. 5[0106] A copper-cl ad

| am nat ed sheet havi ng ablﬁhényimaﬂ:u'l!o)& i prearcht iragml agkeRY ABARiDbt @ﬁ?ld1®3] t he
sane nman as in e n ve
vas used 1 o7 G CArS QR By dviefer ek AR RIS SRPIRGH RI 985,

( KAYAHARD @Wﬂ&&aﬁé%w&uﬂk&ptﬁﬁ earteybNwepght dﬁaaatkph@wi arbikg! gpbyylresinl

equi val ent : 3,(35 parts by weight), 50 ts b ®

bi phenyl aral &?%P@)&Hrgg?% %N&V%%BM g)gﬁowaﬁﬁfraf’@ﬁ?éﬁ’%@gg?”géae@.@
manuf act ured Gw. N pph)) Kaydku1&o. patts d. by awdighb pafi t bidig-ateylhmathyl-4-

bi s(3-ethyl-5-nethyl-4- | ei,m do net h BM.- 70, nuf r by
D153, UL, S g R LR SRR, A6 6 /R JRR ROK 91
Furt her, iG Oldigaolvebtlyinwahdhhixetd withdawrdhy éthEnMEtonanﬁmﬁtanr &0 b yp aBHILKOKU
CHEM CALS CORPORA rei nt {0 obtai J— rnish
was dil uted \AWFWL‘%:?}”’V%W @gﬁﬁ}% tl{ﬁ a%ﬁ‘%@(&a |%W§é¥1§t ed
into and coat ed)FdhORAIlG)thaéﬁmedﬂ@lr@m&) tmuletaln‘abarmsh.ThEhe wprreginataed and
20 ted E- f heat = 160C f 5 t

or epr g havi oS SR MEAT ey grIaS ood B laieBhvarmo e AMelppce ™ "
| am nat ed sheeatd lwmtengoa a004 mm-tHicic k- giassulvameng‘abayerThasmpb@@aied and t he

agrsre uggg. eor agoétgd%ag%s woven % 5 (;[ \n}aga}%eathdet";epdr ep 188 (9 %ra 5 nn%% {oucs)gta?r%) %ve

prepreg having a resin content of 47.5% by weight.
[0108] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
25 [0109] Comparative Example 17

A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Ltd., hydroxyl equivalent: 231 g/eq.)
(20 parts by weight), 20 parts by weight of a naphthol aralkyl resin (SN-495,
manufactured by Nippon Steel Chemical Co., Ltd., hydroxyl equivalent: 236

30 gleq.), 45 parts by weight of a biphenyl aralkyl epoxy resin (NC-3000-FH,
epoxy equivalent: 321 g/eq., manufactured by Nippon Kayaku Co., Lid.), and
15 parts by weight of bis(3-ethyl-5-methyl-4-maleimidophenyl)methane (BMI-
70, manufactured by K.I. Kasei K.K.) were dissolved in and mixed with
methyl ethyl ketone. Further, 0.01 part by weight of imidazole (2E4MZ,
35 manufactured by SHIKOKU CHEMICALS CORPORATION) was mixed
thereinto to obtain a varnish. The varnish was diluted with methy! ethyl



25 [0109] Conpar ati ve Exanple 17 A bi phenyl aral kyl phenol resin
(KAYAHARD GPH- 103, nmanufactured by N ppon Kayaku Co., Ltd., hydroxyl

equi valent: 231 g/eq.) (20 parts by weight), 20 parts by weight of a

napht hol aral kyl resin (SN-495, manufactured by N ppon Steel Chenical Co.,
Ltd., hydroxyl equivalent: 236 30 g/eq.), 45 parts by weight of a biphenyl
ar al kyl epoxy resin (NC 3000-FH, epoxy equivalent: 321 g/eq., manufactured
by Ni ppon Kaykéien€o. Thetdiujed wardishSwasirhgrdgyatesd it aofl dopBerahy ! -r6anet hyl

| ei m dophgp . f : [ :
di ssol ved i n S i HBRC WAt oty TRSEEREE i S8 EGRSsLniES
wei ght of i m fiwicl wag Ae4Mdried Gt M0 dot Grmh ty oBtdiKakuieGHEVNEADS a resin
CORPORATI ON) %ﬁtﬁg} éﬁ?ﬁ?%f’g' Qﬁgtto obtain a varnish. The varni sh was

diluted with one. The diluted varnish was inpregnated
into and coat gd16h a A.dopper-clEd lkerkingteak sheelveavingha i0cd mMhdhickpinegiaéingd and

or epr eg navi nEver Vo BRIMLAT o SRhSbieR sy Ry Exeftie o el B B,

| am nat ed sheptepney cbtpisedjuét abetdiivak Usesiul ati ng | ayer was obtained in the
same manner a@fianx |l e lat.e ept fh?é the prepreg obtai ned just above
was used. [01171] Conp A bi phenyl aral kyl phenol resin

( KAYAHARD GPH- 103, 10Anabiphacylurachidy Nigpoh Kagiaku(KRYAHARD , GdrtH3;l

ook r, boRERAee L ANERE RalE OB o SR R o2 e oo
1199/ eq.), 45(3targetdybyevghht)of2G farpheny | waight kgl eepoegolr esivalak resin
(3000 P ARNCHITE YA S0, ABP RS EoIE YDSE R e
nal ei ni dopheny$)peetshbpengiBM oF @, biphenflaatalkye degnxykrdsin Ki€e3000-KH) apeng
wei ont of 1 m BAOKREN 2 e dm R iR Py Y SlProkPil Fea bRt oy
was m xed.& hepaitebg W@'gbibcbfatbia(_:ﬁemrmﬁirsethywhenala'rmidsbhm;d)rdéﬂhahec{ﬁmIt'm,
eyl St Rl R AT K DR B AP T g2 o
woven fabric ethyl hleetb?élr)i ean_mﬂheﬁ,G(Il:gﬂorpa& nibyn WQi_gbibt a:i‘nirai_dpzctatpr ggEMMA,ng a
o by o H A CEPES A AT e W, .
i n Exanpl e 1,thexsiafr td haitainhe yareigheg Tolet admésh jwest ddditedewith smathad.ethyl
20 ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-
thick E-glass woven fabric. The impregnated and coated E-glass woven
fabric was heat-dried at 160°C for 5 min fo obtain a prepreg having a resin
content of 47.5% by weight.
[0112] A copper-clad laminated sheet having a 0.4 mm-thick insulating
25  layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.
[0113] Comparative Example 19
A biphenyl aralkyl phenol resin (KAYAHARD GPH-103,
manufactured by Nippon Kayaku Co., Lid., hydroxyl equivalent: 231 g/eq.)
30 (20 parts by weight), 20 parts by weight of a pheno! novolak resin (TD-2090,
manufactured by DIC, hydroxyl equivalent: 105g/eq.), 45 parts by weight of a

bipheny! aralkyl epoxy resin (NC-3000-FH, epoxy equivalent: 321 gleq.,
manufactured by Nippon Kayaku Co., Ltd.), and 15 parts by weight of bis(3-
ethyl-5-methyl-4-maleimidophenyl)methane (BMI-70, manufactured by K.I.
35 Kasei KK.} were dissolved in and mixed with methyl ethyl ketone. Further,
0.01 part by weight of imidazole (2E4MZ, manufactured by SHIKOKU



[0113] Conpar ati ve Exanple 19 A bi phenyl aral kyl phenol resin
(KAYAHARD GPH- 103, nmanufactured by N ppon Kayaku Co., Ltd., hydroxyl
equi valent: 231 g/eq.) 30 (20 parts by weight), 20 parts by weight of a
phenol novol ak resin (TD 2090, nanufactu% d by DI C, hydroxyl equivalent:
1059/ eq.), 45 parts by weight of a biphenyl aral kyl epoxy resin

(NC- 3000- FH, epoxy equivalent: 321 g/eq., manufactured by Ni ppon Kayaku

Co., Ltd.), aftHENSI(PErS SCORR@RAMION] vmis (Bixed thereinto to obtain a varnish,

et hyl-5- met hyl; 4- nal.ei mi dopheny! ).net han A mahuf r N
Shiser Kk THEERHEh Do BARRY Wil st £t fetne fy RS LIS G By e
Further, O0.Olingeregnaiedwetqhhd abated daﬁaoo.e_ h2ridivik Eg’gha_si; acivenefdbhy. Sﬂa}dﬁO(U
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obtained in the sanme nner s in Exa Ia 1, except that the prepreg

obt ai ned | ustprf%%oﬁn?fg%ﬁ aF%‘ﬁ%’Fégﬁﬁ rati ve Exanple 20 10A phenyl

aral kyl phenoj01riégi n Cmpar#fRie ©RMnpe30 manuf act ured by N ppon Kayaku Co.,
Ltd., hydr.oxyl equivalent; 231 qg/eq. 20 parts.b ight 0 t

wei ght )c/nﬂoa %aph?hal e Bﬁ%ﬁ“ﬁt o%raﬁﬂ'é)noéh?rbcgi nr?sﬁbym%%oégﬁﬁ‘&fy
maguf ﬁCt ulred WQD{’aﬁtud&xddprpp@?lﬁgygkggm%ﬁlﬁ.,g‘/yet‘.px)yl e@ﬁi\/_@mfr‘lttSZBy gélgt{ght of
a bi phen ar epoxXy resi - - epo ui val,ent :

ol eq. . manuf alCuPRES (Y WelghDh 20pas Boveignt o7 RERAhaleNS, SRR RSl of
Ei s(3- Et Eyl) - Srerwit g&ﬂﬁlm_l-cml Exm%ﬂmmogmmev@“q,mgﬁwf@mﬂd153hK- .
asei K K ) were .di,ssolved in _an X Wi t et . er,
0701 part by TeRgniBopartsitundsRlt i pibneh afalkih pedon i TRERS o CaL s
((j:ﬂ?PO?ﬁ\Tll_@\l)h mﬁq&ﬁ%ﬁejﬁ@ ﬂ‘l@/éhﬂ%}arﬁﬁai@ﬂm@i by Nippom KalyakTiOD. viatdt), shdwas
iluted wit t et et pn i |yt varni s S egna into
Cnd-coat od TS pal Bt ot BRG sBST et dorBlemibe Ry DB i
coat ed Eh gl asE0,wmesnifdcthrdde b@aK.!?e@seﬂM r}(.gcb ata_réﬁd]@;tﬁioed ?rigan;d trpixelt aith 3
repre avin re ont ent . Qo t.. 0 L £l a
Ioam!onatg ed she'g?ﬁw&\ﬁsthgﬁ ge%.”ﬁ' mﬁ?ut"ili‘ie&kgi sﬁﬁgbgd”‘?'gég&’?\ﬁﬂ‘é&m%ﬁﬁgéﬁ\ t he
same manner asahofdciaedl eyl SHKOK CHEMIGELPr SORBOFRRTEON)d wasstmixbdve

was used.zo thereinto to obtain a varnish. The varnish was diluted with methyl ethyi

ketone. The diluted varnish was impregnated into and coated on a 0.1 mm-
thick E-glass woven fabric. The impregnated and coated E-glass woven
fabric was heat-dried at 160°C for 5 min to obtain a prepreg having a resin
content of 47.5% by weight.

25  [01186] A copper-clad laminated sheet having a 0.4 mm-thick insulating
layer was obtained in the same manner as in Example 1, except that the
prepreg obtained just above was used.

[0117] <Evaluation of metal foil-clad laminated sheets>
Flame retardance, water absorption, heat resistance, reflow

30 resistance, and drilling workability were evaluated for the metal foil-clad
laminated sheets thus obtained. The copper foil in the metal foil-clad
laminated sheet was removed by etching the metal foil--clad laminated sheet
before the flame resistance and the water absorption were evaluated by the
following method.

35 (1) Combustion test

Evaluated according to a UL.94 vertical combustion testing method.
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[0117] <Eval uation of netal foil-clad | am nated sheets> Fl ane retardance,
wat er absorption, heat resistance, reflow 30 resistance, and drilling

wor kability were evaluated for the netal foil-clad |am nated sheets thus
obt ai ned. The copper foil in the netal fqj]-clad | am nated sheet was
renoved by etching the netal foil--clad I'am nated sheet before the flanme
resi stance and the water absorption were eval uated by the foll ow ng nethod.
35(1) Conbusti ) Wektr abealptianed according to a UL94 vertical conbustion
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m n, and del aby m&ighdh was visually inspected. The results 15were eval uat ed

Dol am naca olff g 11 S0 FRg bee labBe S8 RIS, ark SRRE WO Sbity of

the metal foil-clad laminated sheets were evaluated by the following methods.

(3) Heat resistance

A sample having a size of 50 x 50 mm was floated in a solder of
280°C for 30 min, and delamination was visually inspected. The results
15  were evaluated according to the following criteria.
2 No abnormal phenomenon
x: Delaminated during floating of 0 to 30 min
[0119]
(4) Reflow resistance
- 20 A metal foil-clad laminated sheet with a pattern having a
percentage residual copper of 63% formed on both surfaces thereof was

provided as an internal iayer core. A resin sheet (ABF GX-13, thickness
37.5 um, manufactured by Ajinomoto Fine-Techno. Co. Inc.) was stacked
thereon, and a 12 um-thick copper foil was built up on the outermost layer,
25 followed by heating in a drier at 180°C for 1.5 hr to prepare a four-layered
board. The board was cut into a size of 120 x 60 mm, and reflow was
performed 20 times at a highest possible temperature of 280°C with a solder
reflow apparatus (Salamander, manufactured by Shimadzu Seisakusho Ltd.},
followed by visual inspection for delamination of the build-up layer. The
30  results were evaluated according to the following criteria.
<: No abnormal phenomenon
x: Delaminated
[0120]
(5) Drilling workability
35 Four sheets of the metal-clad laminated sheet were put on top of
each other. Drilling was performed using PS-1160G (manufactured by



(4) Reflow resistance 20A netal foil-clad | am nated sheet with a pattern
havi ng a percentage residual copper of 63%fornmed on both surfaces thereof
was provided as an internal |ayer core. A resin sheet (ABF GX-13, thickness
37.5 pm manufactured by Ajinonoto Fine- hno. Co. Inc.) was stacked
thereon, and a 12 p.mthick copper foil was built up on the outernost

| ayer, 25 followed by heating in a drier at 180C for 1.5 hr to prepare a
four-| ayered PihodKoGhe Goarldd\ess eubachitpo baasi zedofE420 (mas@ifasiureaintly
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510000 hol es pentebywasghted wi th an anal yzer. [0121] The resul ts of

eval uation of the flane retardance, water absorption, heat resistance,

refl ow resistance, and drilling workability were as shown in Tables 1 to 4.
Nurmerical values in "Resin conposition” in the table are in parts by

wei ght .



37 [0126] As is apparent from Tables 1 and 2, all the netal foil-clad

| am nat ed sheets prepared using the resin conpositions of Exanples 1 to 18
exhi bited excellent results in terns of flane retardance, water absorption,
heat resistance, reflow resistance, and drilling workability. On the other
5 hand, as is apparent from Tables 3 and 4, none of the netal foil-clad

| am nat ed sheets prepared using the resin conpositions of Conparative
Exanples 1 to 18 had a good bal ance anong the flanme retardance, the water
absorption, the heat resistance, the reflow resistance, and the drilling

wor kabi lity, and any of the properties was| poofr. Further, |thhg fo] Iiowing
facts 10can be said fromthe the eval uatiop|sesutse [012?]8§é§$x<-g 1)
For Conparative Exanples 1 to 4 where, insteat<of the bip1en§ﬁ?arafkyl
resin used in_Exam 1, other enolic resi s used, the drillling
workability is poar; |152) For Conpardtive Exanplies |5 to 9\ whgre the
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25 further enhancing flame retardance from Conparative Exanples 10 to 12,
the addition anobunt of the nitrogen-containing amno triazine novolak resin
is increased, satisfactory flame retardance can be provided, but on the
other hand, the reflow resistance of theesin but also the heat resistance
Is deteriorated due to liberation of nitrogen at an el evated tenperature.
30 5) For Conparative Exanples 16 to 20 where boehmte used in Exanples 1
to 5 is not ciH&] nedAs siat epparsndriyomir iMabiesy Wwanklald, | it ythé smetalv falledad but
on the other I r .t . ' oor.
[0128] The Iamgﬁﬂﬁ %E?tdg%eefeettggg‘?%g%@é'g%@gtﬁﬁggrg@sﬁn o&%%%sﬁgﬁs%%%%é%gc@gfé?ng to
t he present i axghi¢dmexcelenteresuitatimitaimg of Xftrhé entarfbnre watcaratmotgtiorhave

i H ) | _ , ) L ity
cxcel ent  neobeSPRALAREE, Bl PSSR 305 S ifE oiahig, O, bR sa 'O
conpounds fandhphds phoisuappanepb druhs . Taldes [ Elaxdve), romesif ntheommdali faileclad

COTPrI S0 AR BRSSPSR Y cdenelie
resin conposi Ekampéescdridi n§ had @ gbod halamer eirmorig ¢hd dlacge netapdance; ében (A)
3oL ot e A IR O FRTRLE L BaRLe PR o BB R ] vl
resins. workability, and any of the properties was poor. Further, the following facts

10  can be said from the the evaluation results.

[0127]

1) For Comparative Examples 1 to 4 where, instead of the
biphenyl aralkyl resin used in Example 1, other phenolic resin is used, the
drilling workability is poor .

15 2) For Comparative Examples 5 to 9 where the bismleimide used
in Examples 1 to § is not contained, the heat resistance, the reflow
resistance, and the flame retardance are poor.

3) For Comparative Examples 10 to 12 where the bismaleimide
used in Examples 1, 2, and 5 is not contained and, for flame retarding

20 purposes, a nitrogen-containing amino triazine novolak resin is added, the
flame retarding effect is low and, at the same time, the reflow resistance of
the resin is poor due to liberation of nitrogen at an elevated temperature.

4) For Comparative Examples 13 to 15 where the bismaleimide
used in Examples 1, 2, and 5 is not contained and, from the viewpoint of

25  further enhancing flame retardance from Comparative Examples 10 to 12,
the addition amount of the nitrogen-containing amino friazine novolak resin is
increased, satisfactory flame retardance can be provided, but on the other
hand, the reflow resistance of the resin but also the heat resistance is
deteriorated due to liberation of nitrogen at an elevated temperature.

30 5) For Comparative Examples 16 to 20 where boehmite used in
Examples 1 to 5 is not contained, satisfactory drilling workability is provided,
but on the other hand, the flame retardance and the water absorption are
paoor.

[0128] The laminated sheets prepared using resin compositions

35 according to the present invention, while maintaining excellent flame
retardance, have excellent heat resistance, reflow resistance, and drilling



[3] The resin conposition according to claim1 or 2, wherein the biphenyl
aral kyl phenol resin (B) is represented by formula (1): [4] The resin
conposition according to any one of clainms 1 to 3, wherein the non-hal ogen
epoxy resin (A) is contained in an anount,of 20 to 60 parts by wei ght based
on 100 parts by weight in total of the resins. [5] The resin conposition
according to any one of clains 1 to 4, wherein the biphenyl aral kyl phenol
resin (B) is wonkaiihfydand, ahthesame tirhat haveiowavategabsengitn withaut @ Ep
ratio of 0.7 . i Lenr r..of hydroxyl groups in
t he bi phenyl QEQ%P ngﬁgﬁgﬁuﬁgéﬁﬁ? angﬁﬁgwéggPﬁgg%ﬁgsthe nunber of epoxy
groups in the non-hal ogen epoxy resin (A). [6] The resin conposition
according to any one of claims 1 to 5, wherein the nmal ei m de conpound (C
is contained in an anobunt of 5 to 50 parts by wei ght based on 100 parts by
weight in total of the resins. [7] The resin conposition according to any
one of clains 1 to 6, wherein the inorganic filler (D) is contained in an
anount of 50 to 150 parts by wei ght based on 100 parts by weight in total

of the resins. [8] The resin conmposition according to any one of clains 1
to 7, which further conprises (E) a naphthol aralkyl resin. 40 [9] The
resin conposition according to claim8, wherein the content of the

napht haol aral kyl resin (E) is not nore than 80% by wei ght based on the
total anmount of phenolic resins including the biphenyl aral kyl phenol resin
(B). [10] The resin conposition according to any one of clains 1 to 9,

whi ch further conprises (F) a silicone powder. [11] The resin conposition
according to any one of claims 1 to 10, wherein the inorganic filler (D) is
boehmte. [12] A prepreg conprising: a base nmaterial; and a resin
conposition according to any one of clains 1 to 11 inpregnated into or
coated on the base material. [13] A lam nated sheet conprising a

| am nati on- nol ded product of a prepreg according to claim12. [14] A netal
foil-clad | am nated sheet conprising: a |am nation-nolded product of a
prepreg according to claim13 and a netal foil provided on the prepreg.
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39

[CLAIMS]

A resin composition comprising:

a non-halogen epoxy resin (A);

a biphenyl aralkyl phenolic resin (B);

a maleimide compound (C); and

an inorganic filler (D).

The resin composition according to claim 1, wherein the halogen
epoxy resin (A) is selected from the group consisting of phenol phenyl
aralkyl epoxy resins, phenol biphenyl aralkyl epoxy resins, and naphthol
aralkyl epoxy resins.

The resin composition according to claim 1 or 2, wherein the biphenyl
aralkyl phenol resin (B) is represented by formula (1):

Lr - _ I

The resin composition according to any one of claims 1 {o 3, wherein the
non-halogen epoxy resin (A) is contained in an amount of 20 to 60 parts by
weight based on 100 parts by weight in total of the resins.

The resin composition according to any one of claims 1 to 4, wherein the
biphenyl aralkyl phenol resin (B) is contained in an amount that meets a
requirement of an OH/Ep ratio of 0.7 to 1.4 wherein OH represents the
number of hydroxyl groups in the biphenyl aralkyl phenol resin; and Ep
represents the number of epoxy groups in the non-halogen epoxy resin (A).

The resin composition according to any one of claims 1 to 5, wherein the
maleimide compound (C) is contained in an amount of 5 to 50 parts by weight
based on 100 parts by weight in total of the resins.

The resin composition according to any one of claims 1 to 6, wherein the
inorganic filler (D) is contained in an amount of 50 to 150 parts by weight
based on 100 parts by weight in total of the resins.

The resin composition according to any one of claims 1 to 7, which
further comprises (E) a naphthol aralkyl resin.
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The resin composition according fo claim 8, wherein the content of the
naphthaol aralky! resin (E) is not more than 80% by weight based on the total
amount of phenolic resins including the biphenyl aralkyl phenol resin (B).

The resin composition according to any one of claims 1 to 9, which
further comprises (F) a silicone powder.

The resin composition according to any one of claims 1 to 10, wherein
the inorganic filler (D) is boehmite.

A prepreg comprising: a base material, and a resin composition
according to any one of claims 1 to 11 impregnated into or coated on the base
material.

A laminated sheet comprising a lamination-molded product of a prepreg
according fo claim 12.

A metal foil-clad laminated sheet comprising: a lamination-molded
product of a prepreg according to claim 13 and a metal foil provided on the

prepreg.



