RESI N COMPCSI TI ON, PREPREG, AND LAM NATED SHEET [ 0001] Technical Field The
present invention relates to a resin conposition and nore 5 specifically
relates to a resin conposition for use in prepregs for printed wiring
boards, a prepreg conprising the resin conposition inpregnated into or
coated on a base material, and a | am nated sheet obtained by curing the

prepreg. [0002] Ba u I ln.r t r here is an
ever-increasing tE%ﬁﬁgi\@%%é@goh{]%%%q%ﬁt@@ﬂﬁ%ﬁﬁ% function,
and high-density assenbly of sem conductors extensively used, for exanple,
in electroni Ogﬂml pwni cation instrunents, and personal
conputers. T as gl mand for better properties and higher
reliability of |ani nahedrebest mvEation ¥Bia8&ite andesh asorppstibe Jrackages.
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using lead-free solders. [0003] Further, there is a re ent%ﬂgnand foF a
reduction i n°tERFEAGRAPEE MaETBheR P BRaRIEH aerh ORaNSHhEY FUriB8N8n of
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bet ween a sew’O %iduc or, el enent,and a Pri nted wiring board for a
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pl astic igackage due {rorédentdjddrer ense isnapoeiéipcadsirgf téhesm®l (@ypassi on
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and the printied wirin bogrrd rﬁgunte : %0004] Fill IE@% of nOéggglg fillers
i s known as %OWE}%‘EPJ[P%HWS HIENy eRe PESEORYPPTRHERS: of Nith PAe®pénsi on
in a plane digeehioor deticherrbpsitipat 4t $hgeasr. rcbpinit be (anpud ehethefor
resin conposition is hard

norganie, {1 LLglcl BT BsleriBiebls " Eadhiant, Lo8 b STBeS! hend 5
drill bits ienvirmmeasad pdoislelre, abriasimdtedr sisstakagag ohedlr kédistahts, highat s,
Lhe, product] dhiu Fo bOISESH R ook oblio;sall, LR, LDe Bccuseyoof2onol o
rubber el astbedr Yeinanded diom ste cienpaimiciasiy lepaed esidersi s known ef fective
for ar edUthO%Bsi : Further, there is a recent demand for a reduction in coefficient of
20 thermal expansion in a plane direction of laminated sheets. When the
difference in coefficient of thermal expansion between a semiconductor
element and a printed wiring board for a semiconductor plastic package is
large, warpage occurs in the semiconductor plastic package due to the
difference in coefficient of thermal expansion upon exposure to thermal
25 shock, sometimes leading to poor connection between the semiconductor
element and the printed wiring board for a semiconductor plastic package or
between the semiconductor plastic package and the printied wiring board
mounted.
[0004] Filling of inorganic fillers is known as a method for reducing the
30  coefficient of thermal expansion in a plane direction of the laminated sheet.
When the amount of the inorganic filler filled is large, the resultant resin
composition is hard and brittle. This poses a problem that the frequency of
replacement of drill bits is increased due to abrasion or breakage of drill bits,
that is, the productivity is lowered, and, at the same time, the accuracy of

35  hole position is lowered.



thermal expansion in a plane direction (Patent docunents 1 to 5). Wien this
varni sh i s used, however, a bromne flane retardant is sonetines added 5to
the varnish fromthe viewpoint of rendering the | am nated sheet fl ane-
retardant This nmethod sonetinmes increaseg environnmental burden. [0006]In
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resin canposiidrem have an excellent coefficient of thermal expansion, but on the other
hand, the drilling workability is unsatisfactory. Accordingly, lowering the
coefficient of thermal expansion of the resin per se rather than lowering in
coefficient of thermal expansion by the filler alone is demanded.
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48001/1996
Patent document 3 : Japanese Patent Application Laid-Open No.
20  2000-158589/2000
Patent document 4 ;. Japanese Patent Application LLaid-Open No.
246849/2003
Patent document & : Japanese Patent Application Laid-Open No.
143973/20086
25 Patent document 6 : Japanese Patent Application Laid-Open No.
035728/2009

[SUMMARY OF THE INVENTION]
(0008} The present inventors have now found that, in a resin composition
30  comprising an epoxy resin, a maleimide compound, a curing agent, and an
inorganic filler, the use of a specific epoxy resin, despite the fact that the
content of the inorganic filler is substantially the same as that of the
conventional resin composition for printed wiring boards, can realize a low
coefficient of thermal expansion in a plane direction of a cured product of the
35 resin composition and, at the same time, can realize excellent heat
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wherein

Ar's each independently represent a naphthylene or phenylene
group, provided that at least one hydrogen atom in both the naphthylene and
phenylene groups is optionally substituted by an alkyl group having 1 to 4

20 carbon atoms or a phenylene group;

R represents a hydrogen atom or a methyl group;

R%s each independently represent a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or an aralkyl group represented by
formula (11):

7 4

—Ar——H {1}
5
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wherein R* and R® each independently represent a hydrogen atom

e L

or a methyl group; Ar represents a phenylene or naphthylene group,



R2's each independently represent a hydrogen atom an al kyl group having 1
to 4 carbon atons, or an aral kyl group represented by formula (ID. / C Ar
45 25 4 provided that 1 to 3 hydrogen atons in the phenyl ene or
napht hyl ene group are optionally nucl earlky substituted by an al kyl group
having 1 to 4 carbon atons; and o represents a real nunber of 01 to 4 on
average; and R3 .represents drogen atom, an aral kyl gro represented by
S ormia (11 prowieRiRbl e SvaimeldRtai Pyt b 4 SBr R GR8a
Legr esented by fo@tiﬂhlzhlafh(ulhttléz)arily ktletituted by an aW@EQI@u@hﬁ%ii}‘@W esentshan
ydrogen atom or a net roup; Ar represents, a napht ene group,
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ar al kyl ou or_a, phenyl ene group; and p.i.s an integer  of or 2;
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si mul t aneousteprésémeday; foandalBtyhe position of binding to the naphthal ene
structure site may be any of the 1- to 8-positions. [0011] According to
anot her aspect of the present invention, there are

/ AN
\o
RG
(N
I
- Ar—riH

wherein R® represents a hydrogen atom or a methyl group; Ar
represents a naphthylene group, provided that at least one hydrogen atom in
10  the naphthylene group is optionally substituted by an alkyl group having 1 to
4 carbon atoms, an aralkyl group, or a phenylene group; and p is an integer
of 1or2;
m and n each are an integer of 0 to 4, provided that m and n are
not simultaneously 0 (zero); and
15 the positiocn of binding to the naphthalene structure site may be
any of the 1- to 8-positions.
[G011] According to another aspect of the present invention, there are
provided a prepreg comprising the resin composition impregnated into or
coated on a base material, a laminated sheet comprising a cured product of
20  the prepreg, and a metal foil-clad laminated sheet comprising: a cured
product of a stack of the prepreg; and a metal foil provided on the prepreg.
[0012] The laminated sheet prepared using the resin composition
according to the present invention is advantageous in that, despite the fact
that the content of the inorganic filler is on approximately the same level as
25  that of the conventional resin, the coefficient of thermal expansion in a plane
direction of a resin cured product is low and, at the same time, the heat
resistance is excellent. Accordingly, the laminated sheet is suitable as
materials for semiconductor packages, of which good productivity in terms of
drilling workability is required. Further, the resin composition according to



provi ded a prepreg conprising the resin conposition inpregnated into or
coated on a base material, a |am nated sheet conprising a cured product of
20t he prepreg, and a netal foil-clad | am nated sheet conprising: a cured
product of a stack of the prepreg; and asnetal foil provided on the
prepreg. [0012] The | am nated sheet prepared using the resin conposition
according to,the present invention _is advantageous in that, despi t he
fact that théh%BFF? Entine GaRoeGlAF 819N 11718F rﬁ%@ﬁ”%ﬁ%&‘#ﬁ&l%?@? same
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5[ 0013] The r ewlainddamosiddon @car dirirgy hgetth@)predeant incyenitifoler ¢OMasi ses
an epoxy resin,. ing a structure represented by formula (J), a.

ol o e colpititnsAB oy adBRvdE) TERENS soRyIHId ik Beipn) as
i ndi spensabl eoimpgsiéidnentcerdihgds thedpsenhgredii@ntvil bodssdrthegd. ng t he resin
conposition according to the present invention will be described. 10[0014]<
Epoxy resin (314} < Epoxy reSingA¢poxy resin (A) used in the present

invention is represeghed Qv f OIS (dod in the present invention is represented
by formula (I):
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wherein Ar's each independently represent a naphthylene or
15 phenylene group, provided that at least one hydrogen atom in both the
naphthylene and phenylene groups is optionally substituted by an alkyt group
having 1 to 4 carbon atoms or a phenyiene group;
R represents a hydrogen atom or a methyl group;
R%s each independently represent a hydrogen atom, an alkyl
20 group having 1 {o 4 carbon atoms, or an aralkyl group represented by
formula (II):

R{
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wherein R* and R® each independently represent a hydrogen atom

or a methyl group; Ar represents a phenylene or naphthylene group,
25  provided that 1 fo 3 hydrogen atoms in the phenylene or naphthylene group



wherein Ar's each independently represent a naphthylene or 15 phenyl ene
group, }provided that at |east one hydrogen atomin both the naphthyl ene
and phenyl ene groups is optionally substituted by an al kyl group having 1
to 4 carbon atons or a phenyl ene group; RL represents a hydrogen atomor a
met hyl group; R2' s each independently represent a hydrogen

atom an al kyI 20gr oup havj rbon at ons, an, ar al ky roup
represented BY® 0(5??' gy PIUF eaglﬁ@u?osgu&e Ry an aﬁkyl grolp hayiner gi #ﬁg%{m R5
each mdependaemmlsyam@prresmtenas hysilogesbatam. oltoacmsé\mda @remtp Ar
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represents a real E%b& of 26718' 0 4 on average; and

represent? a'By&6Y HFal kyl group represented by for rrul a (1),
or an epoxy group-containing aromati c hydrocarbon group 5represented by

formula (111): wherein R6 represents a hydrogen atom or a net hyl
group; Ar represents /@ n hyl ene group, provided that at |east one
hydrogen atomin thef a yhene group is optionally substituted by an

al kyl group haV|ng 04 arbon atons, an aral kyl group, or a phenyl ene
group; and p is an |nte of 1 or 2;iH
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wherein R® represents a hydrogen atom or a methyl group; Ar
represents a naphthylene group, provided that at least one hydrogen atom in
the naphthylene group is optionally substituted by an alkyt group having 1 to
10 4 carbon atoms, an aralkyl group, or a phenylene group; and p is an integer
of 1 or2;
m and n each are an infeger of 0 to 4, provided that m and n are
not simultaneously 0 {zero); and
the position of binding to the naphthalene structure site may be
15 any of the 1- to 8-positions.
{0015] In the present invention, among the epoxy resins (A), epoxy resins
represented by formula (IV) or (V) are preferred:

Ra
{1V}

wherein R’ represents a hydrogen atom or a methyl group; and
20  R%¥s each independently represent a hydrogen atom, an alky! group having 1
to 4 carbon atoms, an aralkyl group represented by formuta ({1):



m and n each are an integer of 0 to 4, provided that mand n are not

si mul taneously 0 (zero); and the position of binding to the
napht hal ene structure site my be 15any of the 1- to 8-positions. [0015]1n
t he present invention, anong the epoxy ré&gsins (A), epoxy resins represented
by formula (1V) or (V) are preferred: ( 1V) wherein R7
represents a hydrogen atomor a nethyl group; and 20R6's each i ndependently
represent a hydrogen atom an al kyl group having 1 to 4 carbon atons, an
aral kyl group represented by fornula (I11): Wwherein R9
represents a hydrogen atom or a nethyl group; and R19' 5K gach i ndependently
represent a hydrogen atom an al kyl group havi pt 6~4 "carbon atoms, or an
aral kyl group represented by fornula (11). 00}6] The epoxy resins nay
be commercially avail abl e products, and exappl es~0of suitable epoxy resins

i nclude EXA-7311 (nmanufactured by DIG. [00N fln the present invention, an
epoxy resin other than the epoxy resin repregented by Sormula (1) may be
contai ned. Fromthe Mvhrewpbil ent A rest imvenvironmental
probl ems, non- hangenREpoxyiigégigz 10 |may sed a& epoxy resins usable
in conbination with epoxy r pr esented..4 formula (1). Exanpl es of
such non- hal ogen epoxy resi RS incl ide, but are not linited to, bi sphenol A
epoxy resins, bisphneol F epoxy resins, phenol novolak epoxy resins, cresol
n(r)]vol ?k epoxy resi nswhler@p]p@%@éprés@fmoé @Wdﬁmwamsm%a nﬁéth?luglmlpﬁ@ﬁzhl
phenol epoxy Ji&sins t raf uncti ona esi ns t hal ene
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doubl e bqyd Hgﬂr exa &ﬁ cid nes sters

but adi ene’ Sbrpoly 8 GFVH@ H%ﬁ %QVP @HﬁHHPHFﬁﬁ & cone
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formula (M1 fépraﬁa’atpdelﬁﬁrfb&dul@a(ly iragy ard Yohtaned heFwdravwpel tlew@biritngf avi ng
fl ane retardance resi,ns i nclude, but are

not i i t ed FEEThRENENSRER ARG TER S pr it SRt R giaRy
aral kyl Jgpoxynayedbenssedirab mpRRY helkinar abkylke gpexynmbiestior with epoxy resins

represented by formula (I). Examples of such non-halogen epoxy resins

include, but are not limited to, bisphenol A epoxy resins, bisphneol F epoxy
resins, phenol novolak epoxy resins, cresol novolak epoxy resins, bisphenol
A novolak epoxy resins, trifunctional pheno! epoxy resins, tetrafunctiona
15 phenol epoxy resins, naphthalene epoxy resin, biphenyt epoxy resins, aralkyl
novolak epoxy resins, alicyclic epoxy resing, polyol epoxy resins, compounds
obtained by epoxidizing a double bond, for example, in glycidylamines,
glycidyl esters, and butadiene, and compounds obtained by reacting
hydroxyl-containing silicone resins with epichlorohydrin.  The non-halogen
20 epoxy resins may be used solely or in a combination of two or more of them.
[6018] Among the non-halogen epoxy resins, aralkyl novolak epoxy
resins represented by formula (VIll) are preferred particularly from the
viewpoint of improving flame retardance. Preferred aralkyl novolak epoxy
resins include, but are not limited to, phenol phenyl aralkyl epoxy resins,
25  phenol biphenyl aralkyl epoxy resins, and naphtho! aralkyl epoxy resins.



OG OGWVIII () R12 CH2-Ar2 113/ Rs CH2 Ari R12 wherein Ari
and Ar2 each independently represent an aryl group that optionally has, as
a substituent, a nonocyclic or polycyclic aromatic hydrocarbon group
selected fromthe group consisting of phgnyl, naphthyl, 5 and bi phenyl
groups; Rx and Ry each independently represent a hydrogen atom an al kyl
group, or an aryl group; Grepresents a glycidyl group; mis an integer of
1to5, and nis an integer of 1 to 50. [0019] Further, dependi ng upon
applications where the gegin conposition o g

|
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wherein Ary and Ar, each independently represent an aryl group
that optionally has, as a substituent, a monocyclic or polycyclic aromatic
hydrocarbon group selected from the group consisting of phenyl, naphthyl,
5 and bipheny! groups; Rx and Ry each independently represent a hydrogen
atom, an alkyl group, or an aryl group; G represents a glycidyl group; mis an
integer of 110 5; and nis an integer of 1 to 50.
[0018] Further, depending upon applications where the resin composition
is used, phosphorus-containing epoxy resins or brominated epoxy resins
10 may be used in combination with the epoxy resin represented by formula (1).
Any bromine atom-containing compound having two or more epoxy groups
per molecule may be used as the brominated epoxy resin without particular
fimitation. Preferred brominated epoxy resins include brominated bisphenol
A epoxy resins and brominated phenol novolak epoxy resins.
15  [0020] The content of the epoxy resin (A) is preferably approximately 5 to
60 parts by weight, particularly preferably 10 to 40 parts by weight, based on
100 parts by weight in total of the epoxy resin (A), the maleimide compound
(B), and the curing agent (C).
[0021] < Maleimide compound (B) >
20 Any compound having one or more maleimide groups per
molecule may be used as the maleimide compound (B) in the present
invention without particular limitation. Examples thereof include, but are not
limited to, N-phenylmaleimide, N-hydroxyphenylmaleimide, bis(4-
maleimidophenyl)methane, 2,2-bis{4-(4-maleimidophenoxy)-phenyi}propane,
25  bis(3,5-dimethyl-4-maleimidophenyl) methane, bis(3-ethyl-5-methyl-4-
maleimidophenyl)methane, his(3,5-diethyl-4-maleimidophenyl)methane,
polyphenylmethane maleimide, prepolymers of these maleimide compounds,
or prepolymers of maleimide compounds and amine compounds. The
maieimide compounds may be used solely or in a combination of two or
30 more of them. Among them, bis(4-maleimidophenyl)methane, 2,2-bis{4-(4-
maleimidophenoxy)-phenyl}propane, and bis(3-ethyl-5-methyl-4-
maleimidophenyl)methane are preferred.
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1,8-dicyanatonahthalene, 2,6-dicyanatonahthalene, 2,7-dicyanatonahthalene,

1,3,6-tricyanatonahthalene, 4,4'-dicyanatobiphenyl, bis{4-
20  cyanatophenyi)methane, 2,2'-bis(4-cyanatophenylpropane, bis(4-
cyanatophenylether, bis(4-cyanatophenyl)thioether, bis(4-

cyanatophenylysulfone, 2,2'-bis(4-cyanatophenyljpropane, bis(3,5-dimethyl,

4-cyanatophenyl)methane, and phenol novolak cyanate esters. The

Cyanate ester resins may be used solely or in a combination of two or more
25  ofthem.

[0025] In the present invention, naphtho! aralkyl cyanate ester resins

represented by formula (V1) are particularly suitable for use as the cyanate

ester resin from the viewpoint of enhancing the flame retardance of the resin

composition.
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10 dielectric constant and dielectric |oss tangent, and phenolic resins
(C2) that have | ow water absorption and high heat resistance are suitable
for use. [0024] Any common publicly known cyanate ester resin nay be used
as the cyanate ester resin (C) that funcdions as the curing agent in the
present invention mﬁthout particular limtation. Exanples thereof include,
but are not 15I|n1te%é %ﬁgic anat benz ne, 1H§ d|c anat benzene 1,3, 5-
tri cyanat obenzene, EEi8 Ry %?f“ %yé Ay efy?uﬁ and q'

di cyanat onahtihiahémtegedlofdt g sysa@at onaht hal ene, 1, 6- d| cyanat onaht hal ene,

1, 8-di cyanat hal d|c anatonahthalene t onaht hal ene,
T3 611 Cyaldithant falismaesh GRSy APORHRGNYP A S ARy, Cyandie
200ya?at ﬁphe{eﬁtérﬂm@a%@n (%.k&e’t@rh s;f 4n@r3éaﬂ?4 opmea?;t]d)rmlppwnee bhaidaining the

cyanat ophen er i s na i .oet her

Y anat ophanyPELITIMENCS (5o WATST G055 RALY HHCRAL) Br BIRRAE A1 B TPE bt hyl

4- cyanat Opheraiyltl)eﬂeéﬂ‘m@l‘t&ne and d@iﬁ@tﬁi@ﬂy isawplaledoyavialie ¢fst Riductidhen 3ot e
ester reS|nsf y F UEEQH€O|e|y or in a conbination of two or nmore 25of
them [0025] I'A REUYH f'nvention, naphthol aral kyl cyanate ester resins

represented BYoAZr rruthrVﬂh)e @fa@sat@é@ﬂe@%s’m @ 1pidi dsall & fhercuibgy @gﬁeﬁtf@e
cyanate ester_r Vi e oi nt, of eq ancing the flanme re agt%ance of
ppe@l F o tha

the resin co %Tg t{?Yj'n hedéN”‘\g 'S g £ "68\% cympgpgition s

10 ratio between the number of cyanate groups in the cyanate ester resin and
the number of epoxy groups in the epoxy resin (A), i.e., CN/Ep, is in the
range of 0.7 to 2.5, When CN/Ep is less than 0.7, the flame retardance of
the laminated sheet is lowered while, when CN/Ep is more than 2.5, the heat
resistance and the like are lowered. The cyanate ester which is a curing

15 agent may be added as a bismaleimide triazine resin which is a
prepoiymerization product of the cyanate ester with the maleimide compound.
[0028] Any resin having two or more phenoclic hydroxyl groups per
molecule may be adopted as the phenolic resin (C2) that is used as the
curing agent in the present invention without particular fimitation. Examples

20  thereof include compunds in which two or more hydrogen atoms bound to
the aromatic ring per molecule are substituted by a hydroxyl group, for
example, phenol novolak resins, alkyl phenol novolak resins, bisphenol A
novolak resins, dicyclopentadiene phenol resins, Xylok phenol resins,
terpene-modified phenol resins, polyvinyl phenols, and aralkyl phenol resins.

25  The phenoi resins may be used solely or in a combination of two or more of
them.

[0029] In the present invention, naphthol aralkyl resins represented by
formula (V) are particularly suitable for use as the phenolic resin (C2) from
the viewpoints of improving low water absorption and high heat resistance of

30  the resin composition.
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wherein R' represents a hydrogen atomor a nethyl group; and q is an
integer of 1 or nore, [0026]In the resin conposition containing the

napht hol aral kyl cyanate ester, the resin skeleton is nore rigid.
Accordingly, while maintaining the 5 heat; resi stance, the water absorption
and heat resistance are inproved and, at the same tinme, the curability is
i nproved by virtue of a reduction in factors for reaction inhibition.
[0027] When the cyanatBe@dt e ariitaoea)! psmgsed as the curing agent (C),

preferably, Ed@%@?u“mgth%%@h b@rn€99|ﬁ9ntc%n¥ahr%née%ﬁéthgﬁﬂﬁﬂsdré!kwnfe%ﬂw tthat the

10 rati o between 't he nunber of anate grou cyanate’ester resin

and t he nunbésinekelstaryhas aupsre ﬁg@h@rm@nﬂemw (3] watereabswgpoans in
the range of h@ffhd |%§0Vé%ﬂnimm'lrﬁné ?{%hé&!ﬂ‘?@ |@ta7ncet he flame retardance

of the | am nat ed sheet ower e Is nore than 2.5, the
heat resistalff81and Y¥hen th@epaeaolnf:oml@c{CZTH@ Lt,%eéﬁna@ dhesewindvapen (&), a

curing 15 aggpifermmyy qﬁﬁ?ﬂ“@?’ et R S48 Lhaele rééuha@drﬂﬁoéﬁ?el m""gia‘t’*’lhés a

prepol ymarl Zatl on e cyanate ester wth e corrpoun .
[0028]  Any r Edionbg errgtfﬂwma GfoPk PHREALBIAEY HY 8% IPhgnelpasiperndndhecul e

may be adopt ﬁgm%%rbhg %’Q’Uﬁ% n'i%é@ &Qyz?esﬁrhp&) i 8 USBEERSs ‘Erf‘ﬁxecy‘érngﬁ%fage”t

in the present_ i nvent out | cu i'mtation. 0 thereof

i ncl ude conplrd® 7-A- V\l"f‘i”é,‘fh'1 HAwEpris Wéhﬁyd}radéﬁ %@Wa%th%tqfﬁp@'ﬁéu@r%nat ic
ring pery gl pgidrgqar @nswféstdtﬁéﬂ adnly \Aﬁtetﬁy@H?EEI lngrQHQ thfaﬁrZ%Xatﬁgl fam@henol

novol ak resins, al kyl phenol novol ak resins henol A novol ak resins,
di cycl opent athtamianshdn siomeigNas lowgTask Hﬁ@n@hem@@ esin wdiipene i @fingd

phenol resi nggemobyi M RBENR Sonddafsidlvi tREeBRIndiestas: R3itherphenol
resins may be used solely or in a conbination of two or nore of them

[0029] I n t hebismaleifitids mazG 696N RABHORG Y S apRyMerigkiond cyapplestsierditby

formula (VI1) n@é[gmmgétcbmﬂ@rn@y suitable for use as the phenolic resin (C2)
fromthe viewgoints of inmproving |ow water absorptl on and hi gh heat

resi st ande of0038{ he ?&qraae!@ﬁw@g@ BN, OHOH \\ \ ., ---, ---n-- | CH2 %
[ CH2IT H(VIT) Any inorganic filler commonly used in resin compositions for

electrical wiring boards may be used as the inorganic filler (D} in the present
invention without particular fimitation. Examples thereof include, but are not
limited to, silicas such as naturally occurring silica, fused silica, amorphous

20 silica, and hollow silica, molybdenum compounds such as boehmite,
molybdenum oxide, and zinc molybdate, alumina, talc, calcined talc, mica,
glass short fibers, and spherical glass (for example finely divided glass such
as k-giass, T-glass, and D-glass). The inorganic fillers may be used solely
or in a combination of two or mere of them.

25 [0033] Preferably, the inorganic filler (D} has a mean particle diameter
(D50) of 0.2 to 5 um from the viewpoint of dispersibility. D50 means a
median diameter and is a diameter at which, when the particle size
distribution of the measured powder is divided into two parts, the amount of
the particles having a larger particle side is equal to the amount of the

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

[0034] The content of the inorganic filler (D) is preferably 50 to 200 parts
by weight, more preferably 80 to 150 parts by weight, based on 100 paris by
weight in total of the epoxy resin (A), the maleimide compound (B), and the

35  curing agent (C). The amount of the inorganic filler incorporated is below
the tower limit of the above-defined range, the level of thermal expansion is



2. ;)\ ---/c'-",.."-"--"--<-5) [/ \ 1r 11 whereinr is

an integer of 1 or nore. [0030]In the resin conposition containing the

napht hol aral kyl resin, the resin skeleton has a nore rigid strucure and,
t hus, the water absorption can be furthersinproved while maintaining the
heat resistance. [0031] When the phenolic resin (02) is used as the curing

agent (O, preferably, the curing agent is added to the resin conposition
so that the IMEesaskt vieBnthenethalinkid.ovheRels agiostbofi e HerpadRolleresi n

and the ”U”bﬁco@éor%wys gél%%s tlhé‘ tﬁgﬁt?ereﬂ?ﬁ%’ry o'fet%b”aﬁé')e defifed GgEP.thes I N
t he range of O. I's less than 0.7, the Iasstran5|t|on

t enper at ur e W'@[@bli'fd\ﬁé}détﬁe C@H'”tgﬁéoréﬁaﬁélﬁy ﬁ@n@mﬂﬁ@ﬁsgﬂl@Mﬁ nore than 2.5,
the flame rejgysiqnceThe HRABANTERILOWE) ethayThe RheRl ieiaipsid i sbsihs the

curing agent may be used i n”conbi nation vvlth t he cyanate ester resm or a
bi smal ei nt de Cpmpaﬁtlﬁa rEsPReBRENENe 1Yy DS S98EY iy icomynaticry antt eileseer

with a nalei ﬂbgﬁlsrf‘goﬁﬁéh!@dandlmai|§pé&%gﬂ%@bﬁtsf' |Alr@r31(a% Eoupllng a?ent Any

inorganic filler corrm)nly used in resin conp03|t|ons fo l ectric Wi ring
boards may bECUSE héJSﬁﬁequrﬁW@&ﬁl freatmard of ('DPr9ang rﬁ@tBF@@e'ﬁ‘@yltPﬁ/éﬁ?ijon

W thout partizgbat ddriiddiat iedatibrammtesnbleer gpfsddﬂC'sH'Qr@e éﬁﬂphﬂ@ea@‘@rﬁts
limted to, si I i cas such as naturally occurring silijca, fused I Tca,

amor phous 20 NsiYdes abutagee st Bwied | e aMinesiante SaHP @nﬁﬂﬁ%"s %’G hagsy-

boehmi t e, n‘DbMﬁﬁi&WéE‘yﬁH@tﬁgx S@gg@m nc nol ybgdage, al um nay. [;@érg[m@g{w)lqned
talc, mca, glass short fibers, and spherlcal gl ass (for exanple finely

di vi ded gl as§”§®%¢f0ﬁ§|t@n@ﬂh§§§3'[aﬁegl §88xysdlane DALY . aghRis| r?é#cﬁarﬁsc Fillers
may be used §Wo@§o¥<y9foﬂyﬁr1ﬁ\eﬁ%@bﬂ@’4é OQIFF%SIITEM@ huPME RAerftbellich as v-

25[ 0033] Preferably thé inorganic filler (D) has a rrean particle di ameter
(D50) of 0.2meghacry wwmpdmlmﬁmﬁyémﬁrﬁalafmo@'?ﬁ@r%% inpragentBeusRals a

nedi an di amepe- (ﬁﬂﬁnylﬁel@zﬂérﬁﬂﬁeﬁ IR4- aﬁﬂh@&op%ﬁﬂemﬂﬁyﬁﬁﬁé ﬂﬁ‘!r%%ﬂ@nde

di stribution of th mﬁasure powder divid into two part's, unt
of the patti8NePNRAVS @W%%ﬁlwa@mﬁi cllBe silgee p@U@‘ﬁL@a@Q%rHStrﬁ@ ﬁd’&ﬁ of
the 30parti Cb@@lmh@c@néﬁ%hbﬁbf%Ur%cﬁe%f@l@em'rhe D50 val ue of the
| norgani ¢ flnLd 26l Reneélg ers&ome%%augli?z%rbgor%mvﬁwﬁ luasse(cairfoql I:ciaft%wﬁ In?aﬂerlais
scattering ny qisp y 9
may be used as the wetting/dispersing agent without particutar limitation.
The dispersion stabilizers may be commercially available products.
20 Examples of suitable dispersion stabilizers include Disperbyk-110, 111, 180,
161, BYK-W996, W3010, and WS03 manufactured by BYK Japan K K,
[0037] < Other ingredients >
In addition to the above ingredients, if necessary other ingredients
may be contained in the resin composition according to the present invention.
25  For example, curing accelerators may be contained for proper curing speed
adjustment purposes. Any curing accelerator commonly used as curing
accelerators for epoxy resins, cyanate ester resins, phenolic resins and the
like may be used without particular limitation. Examples thereof include, but
are not limited to, organometal salts of copper, zinc, cobalt, nickel and the
30 like, imidazoles and derivatives thereof, and tertiary amines. The curing
accelerators may be used solely or in a proper combination of two or more of
them.
[0038] The resin composition may if necessary contain a silicone-
composited powder. The silicone-composited powder is that the surface of
35 finely divided powder particles of an addition polymerization product of a
vinyi  group-containing  dimethylpolysiloxane  with  methylhydrogen



[ 0034] The content of the inorganic filler (D) is preferably 50 to 200 parts
by weight, nore preferably 80 to 150 parts by wei ght, based on 100 parts by
weight in total of the epoxy resin (A), the nmal ei m de conmpound (B), and the
35curing agent (C). The anpbunt of the imggganic filler incorporated is
bel ow the lower Iimt of the above-defined range, the | evel of thernal

expansion is 12 increased. On the other hand, when the amunt of the
i nor gani ¢ fi PPYEIPRIG ptasathaen scomied e Withe aupHisons meginoftor HEPEBGy dh@ef i ned

range, the ngl 1!)?[1{ aP%fé%lFrtHé'ﬁ&dﬁ@td@ﬁbééﬁe\d FodBPNRAS "B Smean
deteriorated. [0035 morganl c fil (D) may_ be added solely to the

resin 5 conpf3rtid® 'afB?teél Pe ha"ﬂltbélf@nﬁﬁyo‘cbé tadte dtm ArIBnBPNEEVBAITN @Th

si | ane coupl HRgepaBNtyS amd ¥eHtbhnef meseﬁ’aegh@@oa%@héd p@Nﬁé%%@f@fﬁQMp' ing
agent comonly used for surface treatment of inorganic materials ma

used wi t hout nahm%uﬁ an $¢ mefiat Pomeighkamaridiaty slRaradly anlo 3édﬁﬁ’¢§1éyagent s
i nclude, but yway tn‘bbsééi Bt adothrtR By NRSIghane [6vRk ithe GRRPL@sFUEH), afey- 10

ani nopropyl tri et hoxysi | ane an ,

N-[ 3- (am noemﬁ‘j? BRI REFB i RBENBRYYTNEh8geRbExy s WherR teadontey Xgent s

such as ygl yehd diliesydcb@pBsived bo@demabe@wgbweaﬂ% uppeInsit bt ses-i ng

agents such a ngt hacr I oxypropyl trimet hoxysil ane, cationic silane
coupl i ng agefiel the rioldability is sometimes lowered.

N-8- (N-vigy! [yeey | amTH@erte@W Lokl tiafhp st hé&@éé&@%%nkaﬂﬁ%;h&&@@@ésﬁ“ de,

15and phenyI5|I ne coupling ents he S|Iane cou ents may be used
solely or inPgW 8%.%@%%%@%@86}6 rRSRislagt t A8R S @@%%]rgiﬁ&m HO¥YSEF sBon

stabilizer ceml Bbf Yseehnmbery|sHieadd NExaf ef i @highMBYsiRsaHeeHod$ Hdre been
wet ting/di spersi E%(%gent wi t hout BLgartl cular limtation. The dbsper5| on

stabilizers R&FS Wi e eI e BRiaN RN W ORf Bt sThez@Eaéaﬂwfé esiliconet abl e
di spersi on sta ld@Rles knsicasianii BE k- D, 3@1§an81%9 wht, §é(ﬂﬁCMM9I96

W010, and V\903f nuf actured by BYK J an K 37] <. O her redi ents >
In addi tion PEieRPhapelE0I% Reds fW%E‘ééPéléﬁg H@pa Pé eahtdnmmy be

cont ai ned i ntdtheof @5 BpeRPESH! (20N tRE ¢RsIdiMdet SorhPEuRd Qgﬁnénd AN MU -
agent (C). When the content of the silicone-composited powder added is
above the upper limit of the above-defined range, the moldability is
sometimes lowered.

20  [0040] fn the resin composition according fo the present invention, for
example, various polymeric compounds such as other heat-curable resins,
thermoplastic resins, and oligomers or elastomers thereof, and cther flame-
retardant compounds and additives may be added in such an amount that
does not sacrifice desired properties of the resin composition. Any of them

25  that are commonly used in resin compositions for printed wiring boards may
be wused without particular limitation. Examples of flame-retardant
compounds include nitrogen-containing compounds such as melamine and
benzoguanamine and oxazine ring-containing compounds.  Additives
include, for example, ultraviolet absorbers, antioxidants, photopolymerization

30  initiators, fluorescent brightener, photosensitizers, dyes, pigments, thickeners,
lubricants, antifoaming agents, dispersants, leveling agents, brightener, and
polymerization initiators. These additives may be used solely cor in a proper
combination of two or more of them according to need.

[0041] < Prepreg >

35 The prepreg according to the present invention comprises the

resin composition impregnated into or coated on a base material. Publicly



25 For exanple, curing accelerators nmay be contained for proper curing
speed adj ustnent purposes. Any curing accel erator commonly used as curing
accel erators for epoxy resins, cyanate ester resins, phenolic resins and
the like may be used without particular 14 mtation. Exanples thereof

i nclude, but are not limted to, organonetal salts of copper, zinc, cobalt,
ni ckel and the 30 |ike, imdazoles and derivatives thereof, and tertiary

ani nes. The 0PYVRg RS B1aietalsr st b’é”%%d’“%"@r'éisyf%rpfi”ﬁe‘é_%'ﬁ’@ﬁe*?oard_s
conbi nati on efayt pe @adpp@aﬂfpléé1elﬁ@rebﬂwma’e?@éds%s%brgOsm%ﬁsaé ipgg¥8Y p-f
necessary contain_a silicone- conpaosi powder , e. .

si li cone- conﬁi?ssﬁt §é3'6%§vd¥§‘9?§ssts ﬁraﬂlatsﬁegggr@‘&i@%fﬁbeﬁf ineeganiaifibese atisdwder
particles of tradh &ediglds@rfitReby BEbFgiE AhePs @AEEtasOhoRimide, polyamide, and

vi nyl gr oup- cont ai pi ngdi rretﬂ)ésl pqtli%a | oxanewi t h thP/I hydrogen ~ 13 _

pol ysi | oxanePR &5l dRC D at d1eSR Has AT A MV P@P@HYiSﬁ?ﬁ%%d?H@ndmg

di spersi bi |'i tpon Pegiterpiidd absicaitibhg 0agd Coispesicked RMRGAEN tHEas, &-HRas
particle diapgter D50? in_the {ang& of 1to 1?{%rgmfr§3m he vi ewpoi nt of
di sper si bi | i H@?f RO RE{erRd TREY G YiewRent Bhpd §X¢E %%\ﬂg@ﬁe’l REYe_er abl y
S not nore t RN c3BffRal Sofbdhereiad RixpaRaiohl fukaplayePdied&icbydStHeo dAfingart s
by wei ght, based o'ﬁﬁloo parts by weight in total of the epoxy resin (A,

the mal ei mi d¥O86HYBYnd (B), and the curing agent (C). Wen the content of

the silixpnefgoamposi Ted fpewde theaddes! mdieAROY ot RartRRely Hrhiéd a@florﬁi;s

above-defined range, the noldability is sonetimes | owered.. 10[ 0039] The
resin conposﬂ}% @ﬁ Wt?fﬁa%@e\e@%mr%@dm%q? R SPRIECOWRN RS iraSip @sitin g

auxi liary fl gxempeisaihdesdf.indiiée Sidvied GaBri¢L FloRvROWE esbrics, FOVings dtMopped
ponnethyIS|Ise§§U|o§ane in i.ch a silaoxane bond has been crosslinked in a

t hr ee- di mensPoAAF MR K PiaTingHEa ot thigknass of fthe Hiaser BRI HPoRder is
preferably nappmmireateham 030 @Bt shbUe GHtimiRas fol taldl ldkhedd raigf er abl y not

nore than 25 rts by weight, based o 00 parts by weight in total of the

oy 1 o 2R T S o P orinana B Tos invetn Ay th,efdiced. whon

the content py itrfpreghdtingoneceafifgsthbefafovwsiaeriaddat ihe aboy edrsodiRier

limt of the above-del ed range, tzbeﬁrml ability is sometines | owered.

20[ 0040] I n t hg' Pé%ﬁ”ﬁ%ﬁ%&é?@ﬁegnméa Bf?fgiqeéf Ry ENREgEaLRY R veastingrhes or

te>r<lemrpl el, v?rb@wmbymiéh:af@m UQdﬁsﬁ@@thpait%ir@ttml%frtelﬁﬁﬁbo?%b@bigﬂ %rﬁ:ﬁbﬁs,

ernoplastic resins, a | ner or el astoners ereor, an (0] er

fl ame-r et ard%’@@”&bﬁﬁ'ﬁ!@ﬂﬁéngﬁ?f 8 &sfxev&prﬁapais’@ 90 geAEInPa%R AR BUAL t hat

ggteﬁ {lotz()saCdiriiéﬁ @f|e1 VL)) %@@cpmm_efd B@&nﬂftptélﬁniﬁcﬁ?é f’ﬂh@@@%??.sgfrh_@fhm&ﬂ%’z &t dt hem
a are commoni use LN resi.n co oS U1 ons ar _printe Wrlin oar ds

Tay be used Wi HRIR CHRIPCSEANaGIHHNgaeoROT BN SIER RPGeHare i tadht

conpounds i n@latsteal Nk tire@eabIGoint RN tdithes OMPOURLS0SICH asidie! riEsecAnte
benzoguanami nE %pd oxazi ne ring-contal ni ng conpounds. Additives include,
for exanpl e, VUPERTPBI%t absorbers, antioxidants, photopol ymerization 30

initiators, [004d]esCEiid dpGagibt &iesnt Bhotesapsbiver ahs, vikRsty &f eEenésin

oK S0t o 3l R OIS s BP A e i, BendE

sol el y or i ningrpgestsn ePnthknalsiroopipdsMbrolinteoihe gfaskheataccandidigatie need.

[0041] < Pr epsroqgerﬁ may be used in the resin varnish without particular limitation as long
as the epoxy resin (A}, the maleimide compound (B), and the curing agent
(C) can be dissolved therein. Examples thereof include, but are not limited

30 to, ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone,
and cyclohexanone, aromatic hydrocarbons such as benzene, toluene, and
xylene, and amides such as dimethylformamide and diemthylacetamide.
One of or a proper combination of two or more of these organic solvents may
be used.

35 [0045] < Laminated sheet >



35The prepreg according to the present invention conprises the resin
conposition inpregnated into or coated on a base material. Publicly 14
known base materials used in various nmaterials for printed wiring boards
may be used, Exanples thereof include gligss fibers such as E-gl ass,
D-glass, S-glass, NE-glass, T-glass, and 0O-glass fibers, inorganic fibers
other than the glass_fibers, or organic fibers such as, pol yimde, |

pol yani de, and 5 pol ye8t¥ringieephectareseringde thapesest @Vﬁﬁéo%éomi?@?l y
sel ected depandbRigdurard PREQRIALES ppditbh Gatd srsk I PRy bf eRectdraINg
them E-glass fibers are npre preferred fromthe viewpoint of an excell ent
bal ance bet wg@npfierﬁ’ée%oeﬁ?‘? lﬁ”@ﬁ?teéifsﬁer%#%ﬁo%‘ﬁﬁgﬁ’giFHHV'fjWQaa Binﬁﬂ?es%f?‘?tégti on

and the dril tHengrayprekabi ki stck 1G1 Q04diaTe of oyBeed of hBe baepremt efticiallys not

particularly |imted as Io,ng as the base material, can be H@;@ggnated or

coated with PRENERIMCRRI0ST EPRALT BxARMIBENIHBYIEEH GhenEde & BABri cs,

nonwoven fabgiggced @Niﬁé%mgiérm@%ﬁégséxf fadstaBk SancR8dhisttidpeicngsgmhisly tdhe

t hi ckness of tcggipg?(gﬁr' teria r oxi nmat el é 0.0I tao 0.30, ym but is not
i

| . ] . .
limited to tHA s r‘\éwg@?fsaigg'ﬁjeé@f@]m PRl gPE & RIS MHINGGP Y Y he

present invepidyombema¥edhenipi@dupadiciari IMRSENAL | TeciigteatibnGdnientass
mat eri al vmtr the resin conposjtion. For exanple, {tigeﬁ/e\% reg may b

produced by [aWPalptheherfsdP CoRtIPggvitiRe nRasds it % i"ﬁ/gﬁrni sh
conpri sing thaopesi iR HENBOH dticBMmaRth@n REOampeoke imiaRtdoh eadltmg khe

i npregnated or coated bhase material in a 20 cg{elner of 100 to 200C for 1 to
60 min to seRFDEE@E GaREed &4t dindeRCoRRBinne of Nenkse i ”&‘Hhﬁégﬁt?’@ﬁss 3

(i ncludi ng t heltisias@anasudrh! g%és,d@@ﬁﬁmﬁcﬁ%_ QRoldiey, bage dmberial mMdding
preferably in the range of 20 to 90% by wei ght based on the whol efegrepreg.
[ 0044] The or GEG &S OF VBRtIkes a deapredivsnel e tx/iS900si By PEISSHAR YesilR 25
conposi tion, 100RGNE tAIR] RaRea@apitiid \of @DE. toab fhihe Famer! irmhe §nbsdRe

i mpregnat i on. of éhe resin co |t:§$)n into the glass clofh. Aqﬁi orgﬁanl c
sol vent ‘may BWepEey #imtiiEye ogEd FRENDGITEMRRH BYalerieaiet MeHiNGalt 8n as
long as the gpowination of 1A) prephey WRie b gl ra@nperidddBviriad bdahe fetiahng
agent (O can,be ﬂ%sysol ved therein. Exanples thereof include, but are not
linmited 30 tBCKEt GEE such as acetone, methyl ethyl ketone, nethyl

i sobutyl ketone, and cycl ohexanone, aromatic hydrocarbons such as benzene,
tol uene, and xyl ene, and am des such QMﬁé yl f ormam de and

di ent hyl acet am de. One of or a propéflE ion of two or nore of these
or gani ¢ ;8pl VEI4B | My ThE piefeént 3pL0AUGEH SsLammat adisseed By the followin The

| am nat ed sheget accordjng to the present . invention c ri ses a, nol de
(ur ed) pr odBZETBISt e HaRPEg 1o THESE AL KM TR o PG Byb e C B 8F ¢ he

prepreg. Thepéing Natied tshiesde Exapimdyced by providing a single sheet of the
prepreg or a_stack of a plural.it f sheets of the prepreg, optionally 5
pl acing a msﬂ@"’%_oi I<§fy”g?ﬁ§b%‘ixﬁ pgq Ui num provi ded on one surface or both
surfaces of the singbentpesRafednaphihbeasliagkyadie &by eeld ng the assenbly
to nolding (curing). Any metal forl ust d'FhIF mat eri.al s for(ﬁgrrl nted wiring

[

boards rfey be used wi'‘t Ol §AHIPEGHaY! hermemeteecntYiids & §roPping
convent i onal furaed aldes refheedcn dedt e PiviaB tor8ignatilyngb e@ s el ¢ td aser ed

boards may bg . gen chioride (7.47 g, 0.122 mol), 9.75 g (0.0935 mol) of 35%
hydrochloric acid, 76 ml of water, and 44 ml of methylene chloride were

charged into the reactor. The temperature within the reactor and pH were
30 keptat-5to +5°C and 1 or less, respectively, and, while stirring, a solution of
20 g (0.0935 mol) of a-naphthol aralkyt (compound of formula (Vil); SN: 485,
OH group equivalent: 214 g/eq., softening point: 86°C, manufactured by
Nippon Steel Chemical Co., Ltd.), and 14.16 g (0.14 mol) of triethylamine
dissolved in 92 ml of methylene chloride was added dropwise to the contents
35 in the reactor through a dropping funnel over a time period of one hr. After



10 adopted in the lamnation nolding. For exanple, the |am nation nol ding
is generally carried out under conditions of the use of a nultistage press,
a nmultistage vacuum press, continuous noldi ng, an autoclave nol di ng machi ne
or the like, a tenperature of 100 to 30Q& a pressure of 2 to 100kgf/cng,
and a heating time of 0.05 to 5 hr. Further in the present 15 invention, a
mul til ayered board can be forned by mi.nation nol di.ng of conbj nati on of
the prepreg W% RORP E&r%ﬁ@?ydrBPWﬁed% PR ‘f’\gzb@bé@qu’f‘oﬁr& tHeldwRanineayer .
][ElxlAIVPLES] ZQ[a@%ﬁie'HhﬂopthrétBWBFbQ?wé geﬁ@uiibh% nhih! ustrat gd by tPe ;
ol | owi ng weye present jnvention 0. be construe
as being Ii nﬁ@@?t 0 E%@ég‘e&%’ﬁﬁ efign qf d0a Arer &P Frd ‘%n Egé?ﬁ‘p rethyl3Mégnt hesi s
of a- napht hokheamaikiiyé Wé’@@ﬁ?r@de&t flc E&SleNterdSAaligaclopr1 £ avhpPRabwEd bya
t hermoneter, a stirrer, f.unnel, and a refl ux cond Rser
R GROHE o {

prel i ninatil §eed&Hen Hfithe Hom 4o ststalpyalh SEANIC VT d %Pfgﬁmﬁ

0.122 nol), ®yéd \gaa( Qv mbé With 306 hydepedier. i CMéﬁHyﬂane?@hmnd@f waat er,
and 44 m of math ngj[gfggg de Were C%@Fged into the reactor.

The
t enper at ure Wmﬂ\" PBrUnsed thgr (‘@dsé"%éld[e #th_ap ?Z‘Saﬂ‘?fét%fnénﬁ! or
| ess, reSpecthé/Qés\(du@m@s Ml @opbbhirdiee toddi§absd hesoed f@pogeﬁw@‘t@%'éa;ﬁvl) of
a- napht hol ag%g conmpou r}g of f rrula (VI g SN:, 485, roup
equi val ent : é/‘gqa” ORARMERAR N A ﬁvan%t@ce t%ﬁﬁ*%é?ﬁ'ﬁé&”@% Wﬁ‘bré"h“i@t eel
Chemi cali@o. (IXjtd.), and 14.16 g (0.14 nol) of triethylam ne dissolved in
92 m of net hy ene chloride was added dropwi se to the contents 35in the

reactor through a dropping funnel over a tinme period of one hr. After 16
the conpl etion of the dropiitse addltlon 4.72 OGB 47 mol) of

triethylam ne was added dr WI t eto ov period of 15 mn.
/dr o V\&@_e__ad |t| w the fyiethylam ne,
saJrrpert 15mn foIIovvedby5
soI

[ 0048] After the conpl
the mxture was stirredat
separation of the reaction tion to obtain an or ani c Iayer The organic
| ayer was washed twice with 100 ml of water. Methylene chloride was renoved
by dIdStI Il ation undewmafmn f@g@gﬁe@é;gﬁsubenw@h an ](cavapor at ﬁr andbt he

resi due was oncentrated, to dr or on r,to obt

23.5 g of o ldgR ot pht hgF FPHR |esafa@ﬂ%q§§%eq ¢ "WRS R R PV Y Br mul

10(1X): chromatography and an IR spectrum. As a result, peaks attributable to

15  starting materials were not detected. Further, the siructure of the cyanate
ester resin was identified by 13C-NMR and 1H-NMR. As a result, it was
found that the conversion of OH group to OCN group was not less than 99%.
The cyanate equivalent of the cyanate ester resin obtained above was 261
gleq.

20  [0050] < Synthesis Example 2 >

Synthesis of bismaleimide triazine resin

2,2-Bis(4-cynatophenyl)propane {(CX: manufactured by Mitsubishi
Gas Chemical Co., Inc.) (75 parts by weight) and 25 parts by weight of bis(3-
ethyl-5-methyl-4-maleimidephenylimethane (BMI-70: manufactured by K.l
25 Kasei KK.) were mixed together, and the mixture was melt and stirred at
150°C. A reaction was allowed to proceed until the viscosity of the mixiure
became 12 poises. The mixture was dissolved in methyi ethyl ketone to
obtain a bismaleimide triazine resin. The cyanate equivalent of the
bismaleimide triazine resin was 185 g/eq.
30  [0051} Example 1
The o-naphthol aralkyl cyanate ester resin obtained in Synthesis
Example 1 (50 parts by weight), 10 parts by weight of bis(3-ethyl-5-methyi-



OCNOCN wherein r is an integer of 1 or nore. [0049] The cyanate ester
resin thus obtained was anal yzed by |iquid chromatography and an IR
spectrum As a result, peaks attributable to 15 starting materials were not
detected. Further, the structure of the xcyanate ester resin was identified
by 13C-NWR and 1H-NVR As a result, it was found that the conversion of OH

roup to OCN u | ess t % a | val, of the
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obtain a bisnal ei_m ne resi e, cyanat e ui.val ent of the

o erm wontia et B s Sl ot BB aust &5 Al erg et powder e
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arts wel Wwel 0 | e

B o o doohEhb) s 2t ALRS T ERY Wi AT et B R0 TRaeeT o REIN and 40

parts lbylf%f\el gm?mgf arrmlrevm?matpbtrfw N @Mé& wmsmethﬁ)@t%hvsgéhmnepoxget )

equl val en manurt act ur e were. m xe oge e e

o o ALl s e tRa A oAt B No STeerk B gen: s

(1 gios per t)ykblabveﬁﬁtauf@cttrf]eemn@%g%md l@até@{@@lat@slﬂivéve(zﬁfmrctm@mwtel ght),
arts ri,cC se Sl C artil cl es 0

manuPact ur e)d/dB d%@ﬂ@ﬁ ?‘g)r iﬁ‘”ﬂ)g‘? Pé 3y A Fgid vnég §|r??'8cf%@?2%tsq(%%p/6\%er

(Tospear | 12@],8[gmnl.lf actured by Mmentive Perfornance Materials Japan LLC),

and O O%Spar[o&%)é wei g%mof EI nc ocylate were m xed together to obtain a

The bismaleimide triazine resin obtained in Synthesis Example 2
(45 parts by weight), 40 paris by weight of a polyoxynaphthylene epoxy resin
(EXA-7311, epoxy equivalent: 277 g/eq., manufactured by DIC), and 15 parts
by weight of a phenol biphenyl aralkyl epoxy resin (NC-3000-FH, epoxy
20  equivalent:320 g/eq., manufactured by Nippon Kayaku Co., L.td.) were mixed
together, and the mixture was dissolved in methyl ethyl ketone. A
wetting/dispersing agent {(disperbyk-w9803, manufactured by Bik-Chemie
Japan K.K.)( 2 parts by weight of), 10 parts by weight of talc coated with zinc
molybdate (ChemGuard 911C, amount of zinc molybdate supported: 10% by
25  weight, manufactured by Sherwin-Williams Chemicals ), 120 parts by weight
of spherical fused silica particles (SC2050MR, manufactured by Admatex),
and 0.02 part by weight of zinc octylate were mixed inio the soluiton to
prepare a varnish. The varnish thus obtained 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 4 min to obtain a prepreg having a resin
content of 50% by weight.
[0053] Example 3
The bismaleimide triazine resin cbtained in Synthesis Example 2
35 (45 parts by weight), 10 parts by weight of the a-naphthol aralkyl cyanate
ester resin obtained in Synthesis Example 1, 40 parts by weight of a



10 varni sh. The resultant varnish was diluted with nethyl ethyl ketone. The
diluted varni sh 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 4 min to obtain agrepreg having a resin content of
50% by wei ght. 15 [0052] Exanpl e 2 The bismal eimi de triazine

resin obtained in t.hesi s Exanpl e s b t,4 arts b
her gt ot oMo R RYRDR bkl (ESA Ve E endet St agal dibint, 27
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erw n- | ca t.s | Ca use silica
particles (S %B%ﬁ ‘é%%‘f%cgtg’ ﬁHWE%’Qx)an% bltﬁﬁ l’bp}'a?"‘teqm 9@? fit of
zinc. O(f:]tylhat ectytite ng@dmxetjotdgjmgh@pltﬂl;ﬁr@pﬁt@ aprv@p;aea a &y m$ﬁﬂnshTflrmas 4
varnl s t hus t.ai ne 1 1 one. e.dllute
varni sh was |ﬁ§1’ aWaeng\%ﬁHtleg Hg ’@\(%%iyéoquw ge@n %/T'I;Frh 6‘?quﬁijc‘f<afﬁi-s | ¥8§ woven
f1 ggE |]£: 1T£12e nrﬁpre@g]aeécedwt@laddm&@;ﬂoﬁ-agbasﬁnm@wlenHglalsswmffw@tc diThed ath
or mntootlna avl n resi n i .
10053] Sxamp! ingieandtdala oBlEERE e ol dh far Eou s 2B N a St Rl RS O
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a- napht hol gcmé% c%anatF ster resin obtained in Synthesis Exanple 1, 40
f a%%% [

parts by wei | yoxynapht hyl ene epoxy resin (EXA-7311, epoxy
equi val ent: 277 g/ eqThe muéléﬂﬁldl’eetdtabm@fe@)n obtghesd & Bynﬂv@swﬁExarﬁwpm phenol

novol ak es N770 po al ent : 19 gle manuf_.a
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Sherwi n-W 1 | em 120 papts b t of .spherical fuse S|I|ca
particles (s@@%@ : rg%?ﬁjf )aw’é‘te ! @I b OAdn%tD\gB) %% nHaB5 o ijpam IQN e g At of
zi nc octyl at po%kﬂweﬁphﬂ@ﬂeh@gﬁimr refsin RE@@&V’E‘I& maasxy ehuivalentvarii gkeqt hus
obt ai ned was_di I h et one. di| ut varn sh s 10
"o egnat ed_ MYl diEnsnd > Bhiabh s o adbaiol BiRfEm B
i npregnatted apdxygoasiad( PE:@IO@SSFMp\egbxj‘/ adifuieal wats sze)agfedarl ethratfadtGogd fm;r 4
mn to obtai r vin resin_con
T0054] Exarpl NS EEERUNE ! Ficfle WP AT Sa7cbh AP ReabrRoayiPnEEes
Exanpl e 2 15n(043a>m@$cbgmMaght9)11m&npcamt33ftzynmogmda€é sappsreqrd | 409 hyof
2, 2-bi s(4- cyanatophenyl n CA2 anat o _.equi.val.ent 1
manuf act ur ed%ﬁﬂﬁ% %@UB@% %gjsy %H%W(*Bi&*'@fxs r&ﬁ}%m):gl Z?O(%b éym% of a
pol yoxynapht Bg|pene tﬁspwe)ght@&lms(uﬁiﬁb Vil ;mmiar regingvalseinftace 26ated @dth,
manuf actqored bs¥ltcone résmn( [lcorri)g-oos O%lt\l\gl % de?fKI\ﬁP%%nmanufgc é/cl b?ﬁlekyl
Shin-Etsu Chemical Co., Lid.), 60 paris by weight of spherical fused silica
particles (8C2050MB, manufactured by Admatex), and 0.02 part by weight of
zinc oclylate were mixed into the mixed solution to prepare a varnish. The
varnish thus obtained was diluted with methyl ethyl ketone. The diluted
30 varnish was impregnated into and coated on a 0.1 mm-thick T-glass cloth,
and the impregnated and coated T-glass cloth was heat-dried at 160°C for 4
min to obtain a prepreg having a resin content of 50% by weight.
[0055] Example 5
a-Naphthol aralkyl cyanate ester resin obtained in Synthesis
35  Example 1 (50 parts by weight), 10 parts by weight of bis(3-ethyl-5-methyl-
4maleimidophenylimethane (BMI-70, manufactured by K., Kasei K.K.), and



20 epoxy resin (NC 3000-FH, epoxy equivalent: 320 g/eq., manufactured by

Ni ppon Kayaku Co., Ltd.) were m xed together. Talc coated with zinc

nol ybdat e (Chem@uard 911C, anount of zinc nol ybdate supported: 10% by

wei ght, manufactured by Sherwin-WIlianmsi®£hem cals ) (10 parts by weight),
30 parts by weight of a silicone rubber powder having a surface coated with
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manu act ur edCB9 IO ST e oS gR 4 @B, 160EE %) & TaRASG8 Py B ght
of zinc oct yhaviegweresimtorddni oft 3% Gy whighsol ution to prepare a varnish. The

var ni sh .thus i ng iluted with nethyl ethyl ketone. The dil uted
s TRBEL g nabudffRi

var ni sh "‘was regn and coated on a 0.1 mmthick E-glass woven
fabric, and the inprégmat-eaplahd acatedyanuenet@brisinvetstainedtindsjadegt 160C

[ 0056] Exanp B@B 17 BRRLATY, DRLAE, ol Sllshpigre 6bnteebRbERY FRUAY

obt ai ned i n Syendigssn EAYBHARD CF8Hp@3; sndyufaeiugid by NpparkKsydry oeight of
Kayaku o, . 1 AT Son R, 2P Lot 1opads)y THehir ok B el "or

0, ol o sttt 5 ety it s 1
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m xed toget h&311,ardoxhesquivdient /BB glegsomadfaaturnet iyl DeChyleleetroired A

wetting/dis t,,. (di byk-16 nuf act ured by, Bl k- Chem e Japan
25 K. K.) (gt% ke mﬁéht@?&ﬁ%‘”ﬁﬁr %?Sgﬁe iyhEe V's%ﬂ’éﬁ h&é‘ggn?-usé%
silica partiwediag(dBIR50DgSQ@entddispadyir 6, byarAdastuesg by @idChebBie papan by
wei ght af. zi y wer e . n, ALxed.into the solution to . prepare a
var ni sh%STheIE&afﬁ?séu&ﬁubsy 8@%‘%&&8%@% Ir}[i}’t é\ﬁ?lge\nhtt H% r?é){jﬁwa[epﬁgﬁd REEBne.
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30 fabric, and the impregnated and coated E-glass woven fabric was heat-dried
at 160°C for 4 min to obtain a prepreg having a resin content of 50% by
weight.
[0057] Example 7
The a-naphthol aralkyl cyanate ester resin obtained in Synthesis
35  Example 1 (35 parts by weight), 10 parts by weight of a naphthol aralkyl resin

(SN-495, hydroxyl equivalent: 236 g/eq., manufactured by Nippon Steel



(SN- 495, hydroxyl equivalent: 236 g/eq., manufactured by N ppon Steel 20
Chem cal Co., Ltd.), 10 parts by weight of bis(3-ethyl-5-nethyl-

4mal ei m dophenyl ) net hane (BM -70, manufactured by K I. Kasei K K ), and 45
parts by weight of a pol yoxynapht hyl ene &poxy resin (EXA-7311, epoxy

equi val ent: 277 g/eq., manufactured by DI C) were m xed toget her, and the 5
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weight of spherical fused silica particles (SC2500-8Q, manufactured by
25  Admatex), 10 parts by weight of a silicone resin powder (Tospear]120,
manufactured by Momentive Performance Materials Japan LL.C), and 0.05
part by weight of zinc octylate were then mixed into the solution to prepare a
varnish. The varnish thus obtained was diluted with methyl ethyl ketone.
The diluted varnish was impregnated into and coated on a 0.1 mm-thick E-
30 glass woven fabric, and the impregnated and coated E-glass woven fabric
was heat-dried at 160°C for 4 min o prepare a prepareg having a resin
content of 50% by weight.
[0059] Example 9
A naphthol aralkyl resin (SN-495, hydroxyl equivalent: 236 gleq.,
35  manufactured by Nippon Steel Chemical Co., Ltd.) (40 parts by weight), 20
parts by weight of bis(3-ethyl-5-methyl-dmaieimidophenylimethane (BMI-70,
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35  [0061] Example 11



A napht hal ene skel eton phenol resin (EPI CLON EXB- 9500, 25 hydroxyl
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mixed together to prepare a varnish. The varnish thus obtained was diluted
with methyl ethyl ketone. The diluted varnish was impregnated into and
20 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 4 min to obtain a
prepareg having a resin content of 50% by weight.
[0062] Example 12
A naphthalene skeletcn phenol resin (EPICLON EXB-2500,
25  hydroxyl equivalent: 153 g/eq., manufactured by DIC) (30 parts by weight),
10 parts by weight of an aminotriazine novolak resin (PHENOLITE LA-3018-
50P, hydroxyl equivalent: 151 gleq., manufactured by DIC), 10 parts by
weight  of  bis(3-ethyl-5-methyl-4maleimidophenylimethane  (BMI-70,
manufactured by K. Kasei KK.), 40 parts by weight of a
30 polyoxynaphthylene epoxy resin (EXA-7311, epoxy equivalent:277 gleq.,
manufactured by DIC), 10 parts by weight of a phenol biphenyl aralkyl epoxy
resin (NC-3000-FH, epoxy eguivalent:320 gfeq., manufactured by Nippon
Kayaku Co., Ltd.), 1 part by weight of a wetting/dispersing agent (disperbyk-
161, manufactured by Bik-Chemie Japan K.K.}, 80 parts by weight of
35  spherical fused silica particles (SC2500-SQ, manufactured by Admatex), 10
parts by weight of a silicone resin powder {Tospearl120, manufactured by



A prepreg was obtained in the sane manner in Exanple 1, except that a
phenol bi phenyl aral kyl epoxy resin (NC 3000-FH, epoxy equivalent: 320

g/ eq., manufactured by Ni ppon Kayaku Co., Ltd.) was used instead of 25the
bi s(3- et hyl - 5-net hyl - 4nal ei mi dophenyl ) n&2¢hane used in Exanple 1.
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epoxy resin 8ded/en. Pemrauedany Nippoadadyskoo., Lid. )Was used instead of
15 the polyoxynaphthylene epoxy resin used in Example 1.

[0064] Comparative Example 2

A prepreg was obtained in the same manner in Example 1, except
that a phenol novolak epoxy resin (N770, epoxy equivalent:190 gleq.,
manufactured by DIC) was used instead of the polyoxynaphthylene epoxy

20 resin used in Example 1.
[0065] Comparative Example 3

A prepreg was obtained in the same manner in Example 1, except
that a phenol bipheny! aralkyl epoxy resin (NC-3000-FH, epoxy equivalent:
320 gleq., manufactured by Nippon Kayaku Co., Ltd.) was used instead of
25 the bis(3-ethyl-5-methyl-4maleimidophenyl)methane used in Example 1.
[0066] Comparative Example 4

A prepreg was obtained in the same manner in Example 1, except
that a phenol biphenyl aralkyl epoxy resin (NC-3000-FH,epoxy equivalent:
320 gleq., manufactured by Nippon Kayaku Co., Ltd.} was used instead of
30 the polyoxynaphthylene epoxy resin used in Example 1 and the spherical
fused silica particles were not added.
[0067] Comparative Example 5

A prepreg was obtained in the same manner in Example 1, except

that 40 parts by weight of a phenol biphenyl aralkyl epoxy resin (NC-3000-FH,

35 epoxy equivalent: 320 g/eq., manufactured by Nippon Kayaku Co., Ltd.) was
used instead of the polyoxynaphthylene epoxy resin used in Example 1 and



15amount of the spherical fused silica particles was changed from 120 parts
by weight to 180 parts by weight. [0070] Conparative Exanple 8 A
prepreg was obtained in the same manner in Exanple 5, except that a phenol
bi phenyl aral kyl epoxy resin (NC 3000- FE4poxy equival ent: 20320 g/ eq.,
manuf actured by N ppon Kayaku Co., Ltd.) was used instead of the I
ol yoxynapht i rasl L lLe 5. tiV anpl e
B T B e S el P T o e gt MR BBl B Fecept
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parts by weight to 200 parts by weight.
10 [0069] Comparative Example 7
A prepreg was obtained in the same manner in Example 1, except

that a phenoi biphenyl aralkyl epoxy resin (NC-3000-FH, epoxy eguivalent:

320 g/eq., manufactured by Nippon Kayaku Co., Ltd.) was used instead of

the polyoxynaphthylene epoxy resin used in Example 1 and the addition
15 amount of the spherical fused silica particles was changed from 120 parts by

weight to 180 parts by weight.

[0070] Comparative Example 8

A prepreg was obtained in the same manner in Example 5, except
that a phenol biphenyl aralkyl epoxy resin (NC-3000-FH,epoxy equivalent:
20 320 gf/eq., manufactured by Nippon Kayaku Co., Ltd.) was used instead of
the polyoxynaphthylene epoxy resin used in Example 5.
[0071] Comparative Example 9

A prepreg was obtained in the same manner in Example 5, except
that the addition amount of the spherical fused silica particles used in
25  Comparative Example 8 was changed from 90 parts by weight to 150 parts
by weight.
[0072] Comparative Example 10

A prepreg was obtained in the same manner in Example 8, except
that a phenol biphenyl aralkyl epoxy resin (NC-3000-FH, epoxy equivalent:
30 320 gleq., manufactured by Nippon Kayaku Co., Ltd.) was used instead of
the polyoxynaphthytene epoxy resin used in Example 8.
[0073] Comparative Example 11

A prepreg was obtained in the same manner in Example 8, except

that a phenol novolak epoxy resin (N770, epoxy equivalent: 190 gleq.,

35 manufactured by DIC) was used instead of the polyoxynaphthylene epoxy
resin used in Example 8. '



25 [0074] Conparative Exanple 12 A prepreg was obtained in the same nmanner
in Exanple 9, except that a phenol biphenyl aralkyl epoxy resin

(NC- 3000- FH, epoxy equi val ent: 320 g/eq., manufactured by N ppon Kayaku
Co., Ltd.) was used instead of 5the pol yakynapht hyl ene epoxy resin used in
Exanpl e 9. [0075] Conparative Exanple 13 A prepreg was obt ai net(zl |790t he sane
manner in Ex?@@jr 9, &%k novol ak epoxy resin (N epoxy
equi val ent 90 @/ B%t&%%&&g@i?ed by DIC) was used instead of the
pol yoxynapht hyl ene eﬁo%ﬁﬁ@g @@lsrohﬁaiéddurmtfmammlleem@nn@m‘k&]a@qmpe& axr:&;et I
Exampl e 14 1 mﬁ &x mpl e
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[ 0077] Conpar & 7@ Ex &ginearafve Example 13 A prepreg was obtained in the same

manner in Exanple 12, I epoxy

equi val ent : 138 g/ eq Eég?%vj?gﬁbﬁggg%% g? \%ﬁ@grﬁ@ée)r [ n&@agg(g%%%t

pol yoxynapht Nwteﬁepﬁgmlynovo!ak epoxy resin (N770, epoxy equivalent: 190 gleq.,
manufactured by DIC) was used instead of the polyoxynaphthylene epoxy

10 resin used in Example 9.
[0076] Comparative Exampie 14

A prepreg was obtained in the same manner in Example 12,
except that the addition amount of the polyoxynaphthylene epoxy resin used
in Example 12 was changed from 40 parts by weight to 0 part by weight and

15 the addition amount of the phenol biphenyt aralkyl epoxy resin used in
Example 12 was changed from 10 parts by weight to 50 parts by weight.
[CO77] Comparative Example 15

A prepreg was obtained in the same manner in Example 12,
except that a phenol novolak epoxy resin (N770, epoxy equivalent: 190 g/eq.,
20 manufactured by DIC) was used instead of the polyoxynaphthylene epoxy
resin used in Example 12.
[0078] Preparation of metal-clad laminated sheet

For each of the prepregs thus obtained, four sheets of the prepreg
were superimposed on each other to constitute a stack. A 12 um-thick
25 electrolytic copper foil (32C-lll, 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 kgfiem?®, a temperature of 220°C, and a time of 120 min to
obtain a metal-clad laminated sheet having a 0.4 mm-thick insulating layer.
30 In the prepreg of Comparative Example 5, the metal-clad {aminated sheet
could not be formed by lamination molding.
[0079] Evaluation of metal-clad laminated sheet

Flame retardance, glass transition temperature, coefficient of

thermal expansion, and drilling workability were evaluated for the metal-clad

35  laminated sheets thus obtained. The copper foil was removed by etching
the metal-clad laminated sheet before the flame retardance, glass transition



resin used in Exanple 12. [0078] Preparation of netal -clad | am nated sheet
For each of the prepregs thus obtained, four sheets of the prepreg were
superi nposed on each other to constitute a stack. A 12 kmthick 25

el ectrolytic copper foil (3EC 111, manufaEtured by M TSU M NI NG & SMELTI NG
CO., LTD.) was disposed on the upper surface and the |ower surface of the

stack, folloyegd r\é_}tld:‘;é?é}?:t %g%@%ln‘ljéﬂg[htéﬂﬂgf eﬁﬁ%g%&h cWéreOEv B{e%sgwt%e()f 30

kgf/ch a tg;}) I'me o
met al - cl ad | &Hosdn@chethe@t having a 0.4 nmt hi ck |nsul at| ng Iayer 30In the

prepreg of Conparati }t?an%aféglgﬁja%’c[s %\é‘:‘ﬂﬁgal "G c%grnjja pat gd LﬁT athejﬁg%!d not
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sheet Fl ane ﬁ@muamraées’i@ga"ssthpdanm tion tenperat ure, coefficient of
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eval uated by t | ow ng net hod. Fl ame retardance eval uat ed
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t emperat ure: kﬁ@%@%a‘?ﬁ%‘ %aﬂ&@??@%&\ﬁ?}g@@dw ! IS PRYERIT ) MRYggct ured

by TA | NSTRU accor
10 the temperature from 40°C to 340°C at a temperature rise rate of 10°C/min,

and measuring a coefficient of linear expansion in a plane direction from
60°C to 120°C. The measurement direction was a warp direction of the
glass cloth in the laminated sheet.
[0080] The drilling workability was evaluated in terms of hits of drill bit
15 breakage and accuracy of hole positions under the following drilling
conditions.
Machining device: ND-1 V212, manufactured by Hitachi Via Asia

Pte. Ltd.
Number of superimposed sheets: four metal foil-clad taminated
20  sheets
Entry sheet: LE400, manufactured by Mitsubishi Gas Chemical
Co., Lid.
Backup board: PS-1160D, manufactured by RISHO KOGYO CO.,
LTD.
25 Drill bit: MD MC 0.18%3.3 L508A, manufactured by UNION TOOL
CO.

Rotating speed: 160krpm
Feed rate: 0.8 m/min
Hits: 3000
30 The results of evaluation were as shown in Tables 1 and 2 below.



Coefficient of thermal expansion: determ ned by providing a

t her nonechani cal anal yzer (manufactured by TA I NSTRUMENTS), raising 10 - the
temperature from40C to 340C at a tenpgrature rise rate of 10C¢ mn, and
measuring a coefficient of |linear expansion in a plane direction from60C
to 120C. The neasurenent direction was a warp direction of the glass cloth

in the | am nated sheet. [0080] The drilling workahj|Lty_has|gvaglluated in
terms of hits of drill bit 15breakage and accuracy »f ¥bkeigiagijti ons under
the following drilling conditions. Mchining deyHee—IND-1 /212
manuf actured by Hitachi Via Asia Pte. Utd;]205sheets g,oo Ltd LTD. 25
CO. Nunmber of superinposed sheets: four netal Tloif - (Kl rkinated Entry
~sheet: LE400, manufactured by M tsubishi Gas ChenicatBackop—baard:
PS-1160D, nmanufactured.hy R S KOGYO CO., Drifl lwbi: QJDSI\/@ 02 18x3. 3 L508A,
manuf act ured by UNI aN|JIQDL, (8ot i ng speed: 1G0Kr|pnT Feed=rigted (0.8 m nin
Hits: 3000 ' PR o 188
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30The results of evaluation were as shown in Tables 1 and 2 bel ow. 28
[0083] As is also apparent from Tables 1 and 2, the | am nated sheets using
the prepregs of Exanples 1 to 12 exhibited excellent results in terns of
flame retardance, glass transition tenpe@ture, thernmal expansion, bit

br eakage, and driIIing morkability (accuracy of hol e position), whereas the

5 lam nated S|n the ratl e, Ex les 1 to 15 did
not have a gg) aI a %%ga %ﬁ@% % ”&?D%ETPB@ egnsherist

resi stance, aaﬂgrtbélpm&\pnegsuﬁ@aﬁﬂalﬁld texhi é)d?ﬁkﬁtbdp@welléﬁtsﬂdshﬁs ihmtetnﬁ?lﬁsrlﬁ of at
| east one of abpv ope 84 articu or the res n
conposi tion H‘%'m%o %@? E[?é Ergn%%omoltelaa ra[tBret, hL:h ’;’?@L BHASBh

phenol b| pheb;dakalgal leyld @:mmxg/ WCﬂ'Baﬂﬂllﬂyn@iceafbdyf ot h@feppbsfﬂdwaﬂmrbﬁéetﬁ@ epoxy
resin, ef fi ansi wher eas

Tone i on ¢ B bR et oo R g RARER R i R arm e i 6 oG ve
Exanpl e 2, doet havel5 imgcnct‘b“aimi@ an@fﬂ@ﬂbyre@arﬁhﬁ@@ wBR QRO rBIRIX Y)heaSi N

i nst ead of t X hyl ene e OXYy res 5t he coeffi.cient of thernal
expansi on wa esllﬁq V\%%(? é ‘{YHQS'F I z%xh%t@é rﬁéHLS P 60883 Fbr2tt he
resin corrposietasbon@fof@csmmm MopeRicanpl e ? ﬂue tlo the absence of the
mal ei m de co d e coefficient of thermm ansi on

wher eas t he @?)%H'E tr@@#'%’ﬁr(}f S EOWRESIH 8@/‘5@#)'@6?3“3? Lét/%éné]ﬁgg tinme,
the flar® r etiae diamlce lmppmlbn dfoa phbﬁol‘rl@@henjlloémﬂ@l tap@kly @éw@@ﬂﬁm@éatdfve
Exanpl e 4, duye

{El‘;? 883/85” stﬁqceeof t he |nr%:) ani c icmwﬁ ft?r Bee dr|III|n

wor kabi 1 ity (%c ¥ %I? 6FBE i 6™ 465 &' eASTRe CXBRFF!PEi ent

of thernal ewparsglonwhasabitgb giagk trahsitibe tsaperdtlrewakhewl | @ thetagidance

was poor. composition of Comparative Example 2, due to the incorporation of only a

phenol novolak epoxy resin instead of the polyoxynaphthylene epoxy resin,

15 the coefficient of thermal expansion was high, whereas the flame retardance
was poor.

[0085] For the resin composition of Comparative Example 3, due to the
absence of the maleimide compound (B), the coefficient of thermal
expansion was high, whereas the glass transition temperature was low and,

20 atthe same time, the flame retardance was poor. For the resin composition
of Comparative Example 4, due to the absence of the inorganic filler (D), the
dri.Hing workability (accuracy of hole position) was good, whereas the
coefficient of thermal expansion was high and, at the same time, the flame
retardance was poor.

25 [00886] FFor the resin composition of Comparative Example 5 where,
instead of the polyoxynaphthylene epoxy resin, an inorganic fitler (D) having
approximately the same level of coefficient of thermal expansion in
approximately the same amount as the polyoxynaphthylene epoxy resin in
Example 1 was contained, a laminated sheet could not be formed by molding.

30 On the other hand, for the resin compositions of Comparative Examples 6
and 7 where, as with Comparative Example 5, instead of the
polyoxynaphthylene epoxy resin, an inorganic filler (D) having approximately
the same tevel of coefficient of thermal expansion in approximately the same
amount as the polyoxynaphthylene epoxy resin was contained, a laminated

35 sheet could be formed by molding. However, the resin compositions of

Comparative Examples 6 and 7 had poor drilling workability and moldability.



25[ 0086] For the resin conposition of Conparative Exanple 5 where, instead
of the pol yoxynapht hyl ene epoxy resin, an inorganic filler (D) having
approximately the same | evel of coefficient of thernmal expansion in
approximately the same anount as the pola@mxynapht hyl ene epoxy resin in
Example 1 was contained, a |am nated sheet could not be formed by nol ding.

30 Onthe o hand, for the resin conpositions_ of rati ve Exanples 6
and 7 whor o IE7Li T nF B iy SE Ao BBORIATS 8 LAt Mt dpaige B whers e

pol yoxynapht bylyeren@takylehesipdxy asih Mefsgadt cortaihker theRodfaydnidf thermal
approxi mately the sanme e.vEI %c%effl g{ ent of ther rpal expansi on_in

appr oxi mat el FXPASIR ¥ASHGNRE RE Oh 815 B3aIM SRR IHORER PlPedi n"Ofas
cont ai ned, atheaatmatiethdddishestin cotpbshipf 6F Gethdeyatirl Hkagpldowpvee, thehe
resin conposition f Corrparat_lv,? @grrpl es 6 and 7 had poor drijlli n%

wor kabi | Ly 2RI HalR Mojaanio dliphGeaPRoHaE HACKASER (Borgesitpi lohesfie
CorrFa_r at idvet Exefibledt Sfvinermal bepMediyexdfngehtdyih efteneRon beTampamtiet

cont ai ned, e

coefficient .of thernal ansion was hi gher than that of the
oot n' Combos KRBT S €05 SRBOTRETY ndhe nAAHE (HETHESHn Hodbedial on o
Conpar ati ve Bxpamdien swher 6f theeresh esmpOsition of Mxahids gane ad Iregrigdded was
i ncreased in _order t? | ower .t he cggfflm ent of._the{elgal e(ép sion of the
resi n conposPtTEACHLP é@%p%q%tfqr\,@t dRPNECAE ROV P3Pkt mat el y the same
coef fi cizemt gogger methe e¥HiaN®INGSLsfort BRCoRTpdratvd ExhMpRoONDasd tNsShe
Exanmpl e 12 but was inferior in aTc uracy of hol l_%cs)smlon to the resgq
conposi tion 8F IERARYNEOMPositng ¢ Plerd exCePh thad Fblaens! AiPhanybsrgiayat i ve
Exanpl e 10 wagoiheesamasassdd thst@sl Bf GRNPOSbkytabiahyiEXampbry esiaXcepk t hat
a phenol biphenyl aral kyl e 08,8/ resi.n s used ér}istead ,gjft e .. .
bl yoxynapht FE& ROMERSPT SE1EMARE Ve L BbIRpoRiNahA BENebRpaIaian cf
tE><arnf>! ;e 10 Pmrmamiegb@hfi@a&ér{dh@i Ber C@‘laélé;ﬂfaﬁ@itioﬂ?(tt@fi‘lb@r@t;&reéxfﬁﬁbraltﬂl@g@éi_?ﬁ| ass
ransition tenperature than the resin conpositiaon o anp : e
resin composfPiBRS P“@?r%@’%ﬁ’?\ﬁe Eﬁ'&?rriﬁsé“ ﬁ@”\ﬁ%ﬁ‘f’ﬁé’% %p%@t‘h’ﬁe’%aé@ﬁ)'ﬁ
conposi tion of xanpbesdneexsemd rkiat cGmphefish HOVRhRIIEBIkIepSitRatas used
i nstead of the Iéox napht h¥l ene e OXéﬁé&Sl n. The resin conposi bl on of

Conpar at i ve ERENI BOVOIalh£PoXY higgie Vaso dnelerdof Hfe PREOXENPRAHEY ERCand a

lover flanme ggbay dagiee tenres? ddi@pdREdM FOOBAPatatRR Shafpddl € Had dhe
resin conpos IIhOI’l of ,CO%Para ive Exarg)l e 12 was the ﬁarre as the re%lﬁn
conposi tion bl Ek&rETeigil ypgphat Ratansighéangl 2 dPWREAPMEariRIGANCERERY resin
was usegd nstreatsaf coMpoBBibY Of D@PRSIBY. €NEhL RAXY chBBBitiohNE T&BbArative
conposi tion of Co%gr?atl ve eExS%gP@ILe 12 had a higher. coefficient of thernmal

expansi on ang*&mp HyPads PANSPLICSH CRMPOPAPIre EXAAPIENE. PYSFRE
conposi ti on gzt EXapBkRol9 biphhyl eSialkye i tregih fasCangear ahdtead Exanple 13
was the sane als the resin conposition of anple 9, except that aé enol
novol ak epoxiOlYB¥YRRIALY B8R PRIt BN of ThReSSEI FORRPRIIA T éﬂ%m@a dyer esin.
The resin copp@sbld 97 Hld £ rabeWridatammherdd Hadnaioh shek leeef higsisent of
t hermal expansion 30 and a ﬁ_'vavgr flame retardance than the resin

conposi t4n @@n@g@rﬁ@@pgfat% _s{ihﬁ IE§Hp 6LIPesHchrof Ca¥iap it Pve TBR d&DINe 14
was the samec@dpbbifiohesf CERRBATINVE EXafipIEXaBPLRs1the excir®t ad hie trBSIn
pol yoxynapht hyl ene ,e&%y resin was absent and only the phenol bi phenyl
ar al kyl epox§°'PRSFHO EsaPleTHe SxeRhinthed A BERIPORCYHAICSRSKY 48\ e WBRanpl e

14 had a hi ghesd peeddd 61 @BtpdNo:3PhBRIHTRE NLXPAS IR, antheardsAvebrilodi®n
transition toefn&e)%agaurggvé %@grgplg 1r3e?1<|51cri] a higher coefficient of thermal expansion
30 and a tower flame retardance than the resin composition of Example 9. The

resin composition of Comparative Example 14 was the same as the resin

composition of Example 12, except that the polyoxynaphthylene epoxy resin

was absent and only the phenol biphenyl aralkyl epoxy resin was used. The

resin composition of Comparative Example 14 had a higher coefficient of

35  thermal expansion and a lower glass transition temperature than the resin

composition of Example 12, The resin composition of Comparative



conposition of Exanple 12. The resin conposition of Conparative 30 Exanple
15 was the sane as the resin conposition of Exanple 12, except that a
phenol novol ak epoxy resin was used instead of the pol yoxynapht hyl ene epoxy
resin. The resin conposition of Conparatiwve Exanple 15 had a higher
coefficient of thermal expansion and a |ower flam 5retardance than the

resin conposition of a e 12. [0089] As is apparent tromthe, above
ooult o T he BARTHIG: G aRaGE SHrisar bt er R AREDS LSt Y SRR 120 Seklor di ng
to the presettati ngenheribli snadwant agepus redint haks desq t endtbgd f agt fheat the
content of an inorﬁaqgg filler is on apQ%oxinatS%y the.sanz éevelgﬁs t hat
of the conveRPYGX4IEPUEYIFES BRRXYLEETBef f1EI BN SCTRBRITAL & XpARBRERVEN a
pl ane direct ixangfle tifehagsi Migher eseMcieduet tHetnzpwxpagsioftaridhg |Sasef&ine,
t he heat esi%tance q@d tge l.ame ret%rda %5 ar@ 3 so excellent. 31
[CLAINE] 1] K REGTRe AP IS (UM CEPWORNS I AR Ay resin (A): a mal ei i de
conpound (B) [0@BHUri pg ageitpatént; frand tap kphevgarisalté | kheriafMateti hehagoxy
resin (A bein reBresented bg fornulﬁ.(l): 0 §R3 Ar-a . L
prgpare using the resin composition ‘according to the present invention is
advantageous in that, despite the fact that the content of an inorganic filler is
on approximately the same level as that of the conventional resins, the
10 coefficient of thermal expansion in a plane direction of the resin cured
product is low and, at the same time, the heat resistance and the flame
retardance are also excellent.



Ra \Air 0)----- ""-K) R2 wherein Ar's each independently represent a
napht hyl ene or phenyl ene group, provided that at |east one hydrogen atomin
bot h t he napht hyl ene and phenyl ene groups is optionally substituted by an
al kyl group having 1 to 4 carbon atonslor a phenyl ene group; Rl represents
a hydrogen atom or a nethyl group; R2's each i ndependently represent
a hydrogen atom an al kyl group hav@pmhé]o 4 carbon atons, or an aral kyl
group represented by forrmula (10: wherein R4 and R5 each

i ndependently represent a hydrogen atom or a net hyl group; Ar represents a
phenyl epg, or naphgh I‘OVI ded that 1 to atons ,in the
phenyl eE@ ph%\heﬁs he’ Og?%ﬁ%t'g OJBP "ORAEr IV r‘?ﬁ@f“édﬁ?é @ﬁgs‘ﬁi‘ |”t1%l?5‘ad y an
al kyl group dm;vmgwdl B)oafcua:zagtaglena((b)r'rmhdandmorgafmEriwr(Ds a real nunber of
0.1 to 4 on aver epr esent drogen atom an aral kyl
group represent egig‘%yeﬁoeﬁyrlfﬁﬁg ﬁlb?'n%rﬁpé%eeﬁ%iyyé %nu‘ﬂ gﬁnt ai ning aromatic
hydr ocarbon group represented by fornula (110: wherein R6
represents a hydroﬁgen at o‘ge or, a nethyl group; Ar represents a napht hyl ene

group, provided t.at ast on ogen atom i n t he napht hyl ene group is
optionally subst ’f/\do y gro p ha |Rhg ®&'4 carbon atons, an
t

aral kyl group, o? a phenyl enen er of 1 or 2;
m and n each are an integer of 0 , ov ed ha and n are not
si mul t aneously O (zero); and he posi tion ‘of bindi ng to the
napht hal ene structure site my bé any of the 1- to 8-positions.
wherein
Ar's each independently represent a naphthylene or phenylene group,
provided that at least one hydrogen atom in both the naphthylene and
phenylene groups is optionally substituted by an alkyl group having 1 to 4
carbon atoms or a phenylene group;
R represents a hydrogen atom or a methyt group;
R%s each independently represent a hydrogen atom, an atkyl group

having 1 to 4 carbon atoms, or an aralkyl group represented by formula (il):

R‘i
{ .
C—-Ar—-H ()
i
g
YOR /O

wherein R* and R® each independently represent a hydrogen atom or
a methyl group; Ar represents a phenylene or naphthylene group, provided
that 1 to 3 hydrogen atoms in the phenylene or naphthylene group are
optionally nuclearly substituted by an alkyl group having 1 to 4 carbon atoms;
and o represents a real number of 0.1 to 4 on average; and

R® represents a hydrogen atom, an aralkyl group represented by
formula (1), or an epoxy group-containing aromatic hydrocarbon group
represented by formula (11}



[2] The resin conposition according to claim1, wherein Ar in forrmula (I)
is a naphthyl ene group, at |east one hydrogen atomof which is optionally
substituted by an al kyl group having 1 to 4 carbon atons or a phenyl ene
group. [3] The resin conposition accor3@ ng to claim1, wherein mand n in
formula (1) are an integer of 0 to 2, provided that mand n are not
sinmul taneously O (zero). [4] The resin conposition according to claiml1,
wherein the epoxy resin (A) is represented by general formula (1V) or (V):
( V) 33 each independentidy \represent a hydrogen atom an al kyl group
having 1 to 4 carbon a oms,[ nyaral kyl group represented by formula (I1):
wherein R9 represents faR rogegn atomor a nethyl group; and R19's each
i ndependently represent a¢hydrogen atomman al kyl group having 1 to 4
carbon atons, or an arial kyly group represented by fornula (11). [5] The
resin conposition accoyding tojany one of clains 1 to 4, wherein the curing
agent (C) conprises a Gyanz: er4eé*t er resin (Cl). [6] The resin conposition
according to claims 5, Wherein®*the cyanate ester resin (C) is represented
by forrmula (VI): OCNOCN \

wherein R® represents a hydrogen atom or a methyl group; Ar

represents a naphthylene group, provided that at least one hydrogen atom in
the naphthylene group is optionally substituted by an alkyl group having 1 to 4
carbon atoms, an aralkyf group, or a phenylene group; and p is an integer of 1
or 2;

m and n each are an integer of 0 to 4, provided that m and n are not
simuitaneously 0 (zero); and

the position of binding to the naphthalene structure site may be any of
the 1- to 8-positions.

[2] The resin composition according to claim 1, wherein Ar in formula () is
a naphthylene group, at least one hydrogen atom of which is optionally
substituted by an alkyl group having 1 to 4 carbon atoms or a phenylene

group.

[3] The resin composition according to claim 1, wherein m and n in
formula (1) are an integer of 0 fo 2, provided that m and n are not
simultaneously O (zero).

[4] The resin composition according to claim 1, wherein the epoxy resin
(A) is represented by general formula (V) or (V):

o
YUY YT "
R \[ !
\/i“:// \\,,\' /\/ a2 -
& B

R

(1v)

wherein R’ represents a hydrogen atom or a methy! group: and R%s



R11IRII C (Fie {V) wherein R11 represents a hydrogen atomor a

met hyl group; and g is an integer of 1 to 10 on average. The resin
conposi tion according to any one of clains 1 to 6, wherein the curing agent
(C further conprises a phenolic resi@3(C2). 34 wherein r is an integer
of 1 or nore. [9] The resin conposition according to any one of clains 1 to

8, wherein t i a arts
by vei ght  baesd ecHy RSl S PhOFhekfom AR Bl Bt < he
mal ei m de cé@UNEINE), araafalhyhgrwwrnepmmmd by @rmyla@ll): The resin

conposi tion according to any one of clains 1 to 9, wherein the naleimde
compound (B) is contained in an ambunt of 3 to 50 parts by weight based on
100 pads by weight in total of the epoxy resin (A), [the mal ei m de conpound
(B), and the curing agent (C). The resin conpdgi tion according to
claim5, 6, 9, or 10, wherein the cyanate egteryfesin () is contained in
an anount that neets a requirenent of CN .7 to 2.5 wherein CN
represents the nunber of cyanate groups i X cyanate ester resin (d);
sYin the epoxy resin (A).

EETeaconCl

wherein R® represents a hydrogen atom or a methy! group; and R'%s

each independently represent a hydrogen atom, an alkyl group having 1 to 4
carbon atoms, or an aralkyl group represented by formula (I1).

[5] The resin composition according to any one of claims 1 to 4, wherein
the curing agent (C) comprises a cyanate ester resin (C1).

[6] The resin composition according to claims 5, wherein the cyanate ester
resin (C1) is represented by formula (VI):

OCN Y

— V1
Cﬂ ]\ IJ {

MC

H

wherein R" represents a hydrogen atom or a methyl group; and q is
an integer of 1 fo 10 on average.

[7] The resin composition according to any one of claims 1 to 6, wherein
the curing agent (C) further comprises a phenolic resin (C2).

(8] The resin composition according to claim 7, wherein the phenolic resin
(C2) is represented by formula (VII);



[12] The resin conposition according to claim7, 8, 9, or 10, wherein the
phenolic resin (C2) is contained in an anount that neets a requirenent of
OH Ep of 0.7 to 2.5 wherein OH represents the nunber of phenol groups in

t he phenolic resin (02); and Ep repreSénts the nunber of epoxy groups in
the epoxy resin (A). [13] The resin conposition according to any one of
clains 1 to 12, wherein the inorganic filler (D) is contained in an anount
of 50 to 200 pails by |ght based on 100 pargs by weight in total of the
epoxy resin (A), the e de corrpound (B), and:the curing agent (C). [14]
A prepreg conpri sSi a e % sin conposition according to
any one of clains @ de ,to gpa on(tthe base 35
material. [15] Al d shee rrprl Stg “ast ed product of a prepreg
according to claim14. [16] A netal foil-clad | am nated sheet conprising: a
cured product of a stack of a prepreg according to claim14 and a netal

foil provi dedhasainthie apriefegeegf 1 or more.

[9] The resin composition according to any one of claims 1 to 8, wherein
the epoxy resin (A) is contained in an amount of 5 to 60 parts by weight based
on 100 parts by weight in total of the epoxy resin (A), the maleimide
compound (B), and the curing agent (C).

(10] The resin composition according to any one of claims 1 to 9, wherein
the maleimide compound (B) is contained in an amount of 3 to 50 parts by
weight based on 100 parts by weight in total of the epoxy resin (A), the
maleimide compound (B), and the curing agent (C).

[11] The resin composition according to claim 5, 6, 9, or 10, wherein the
cyanate ester resin (C1) is contained in an amount that meets a requirement
of CN/Ep of 0.7 to 2.5 wherein CN represents the number of cyanate groups
in the cyanate ester resin (C1); and Ep represents the number of epoxy
groups in the epoxy resin (A).

[12] The resin composition according to claim 7, 8, 9, or 10, wherein the
phenolic resin (C2) is contained in an amount that meets a requirement of
OH/Ep of 0.7 to 2.5 wherein OH represents the number of phenol groups in
the phenolic resin (C2); and Ep represents the number of epoxy groups in the
epoxy resin (A).

[13}] The resin composition according to any one of claims 1 to 12, wherein
the inorganic filler (D) is contained in an amount of 50 to 200 parts by weight
based on 100 parts by weight in total of the epoxy resin {A), the maleimide
compound (B), and the curing agent (C).

[14] A prepreg comprising: a base material, and a resin composition
according to any one of claims 1 to 13 impregnated into or coated on the base



35

material.

A laminated sheet comprising a cured product of a prepreg according
to claim 14.

A metal foil-clad laminated sheet comprising: a cured product of a
stack of a prepreg according to claim 14 and a metal foil provided on the

prepreg.



