| RESIN COVPCSI TI ON, AND PREPREG AND LAM NATED SHEET USI NG THE SAME

[ 0001] Technical Field 5The present invention relates to a resin
conposition and nore specifically relates to a resin conposition for use
in prepregs for printed wiring boards, alprepreg conprising the resin
conposition inpregnated into or coated on a base material, and a | am nated
sheet conpri si cu uct of the prepreg,. 10] 0002] Background of the
Tvention - RESINY GRRQBEhDN AND ERESTRECSANR coull TAEIL St ¢ endency
towards high-density integration, hgoefHEQAONE and high-density assenbly

of sem conductors extensively used, for exanple, in electronic equipnents,
communi cation instrunents, and personal conputers. This has led to a 15

demand for Iméﬁgt edf&gﬁa@m possess excellent properties in terns of
heat resista nd iegbsorption and are used in netal foil-clad
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requi renment for M@ea{q resi st ance. 003] %@nate ester resins aée known
as resins fof "B WS R FULN FaPaFEs TRderialy @8 anfaniBaked: s8ret ance.
In recent yeabmprking &xarg groduesoithe@ropeigt i ons obt ai ned by mi xi ng

bi spheno]la1 A gg te Estgr resi r%z g’th at her 25 heat curable resins or

t her nopl %ti i ns r y used as resin conpositions for
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pl astic pac S. i eno .cyapate ester resin 0SSess exce n
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chenm cal reskatidriuctdld adaasively, ubed, it themeldiein BRteonRO egQipRtdntes
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structures ademandefordaiihaipiaiHectd thatdodsews texcbié thefopeRisON fms of
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heat resistance.
[0003] Cyanate ester resins are known as resins for printed wiring boards
that possess excellent heat resistance. in recent years, for example, resin
compositions obtained by mixing bisphenol A cyanate ester resins with other
25  heat curable resins or thermoplastic resins have been extensively used as
resin compositions for highly functional printed wiring boards, for example,
for semiconductor plastic packages. The bisphenol A cyanate ester resins
possess excellent properties in terms of electrical properties, mechanical
properties, chemical resistance, and adhesion, but on the other hand,
30 sometimes exhibit unsatisfactory water absorption and hygroscopic heat
resistance under severe conditions. Accordingly, cyanate ester resins
having other structures are under development with a view to further
improving properties.
[0004] With the tendency towards high-density integration, high function,
35 and high-density assembly of semiconductors, an importance has been



5conpositions for such | am nated sheets (patent docunent 1). The resin
conposi tions, however, had unsatisfactory heat conductivity. [0005]Resin
conpositions containing inorganic fillers added for heat conductivity

i nprovenent purposes have al so been prop@sed (patent docunent 2). The
addition of inorganic fillers, however, has led to an 10 enhancenent in
wat er absorpt] t he, i i £ J: i It ffll t i

51 mil t ancousIoRseen i TN RaL ARSI iy Hophds i@ tnis
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speci fi ¢ anpowempufsitiomsi, howgeei, hatliunsatisfantap dept cenduciivdy.e ester resin and

epoxy resin. prez&gﬁ [ ¥ﬁﬂ§” h >.:hee u LRadi ng.
[ 0008] Accor di[gg , an o rJ'e(’rcgjt 0 g'tﬁbes’ %?8@%#55. ﬁewﬁ%ﬁmi%?téyaggoﬁ}d@égpr esin
conposi ti on kandngtiviyc éinpemtenterdtt puesdsstsarteye fden  kesrduptapesed, (patentwat er
absor ption. her | . Of o l.n ' ISt POV de a
prepreg 3000%895‘]6@30%)% ?@egiaﬁﬁ@gﬁpgmﬁ? r?%?cengﬁrleé'gh;‘ﬁ]ewdé%‘t Q%Sr %903% on a
base 10 enhancement in water absorption of the resin compositions, making it difficult
to simultaneously meet high heat conductivity and low water absorption
requirements.
PRIOR ART DOCUMENTS
Patent Documents

15  [0006] Patent document 1. Japanese Patent Application Laid-Open No.

45084/2007
Patent document 2: Japanese Patent Application Laid-Open No.
202364/1995
20 [SUMMARY OF THE INVENTION]

[0007] The present inventors have now found that resin compositions
having excellent heat resistance, heat conductivity, and water absorption can
be obtained by incorporating a specific amount of an inorganic filler in
specific cyanate ester resin and epoxy resin. The present invention has
25 been made based on such finding.
[0008] Accordingly, an object of the present invention is to provide a resin
composition having excellent heat resistance, heat conductivity, and water
absorption.
[0009] Another object of the present invention is {o provide a prepreg
30 comprising the resin composition impregnated into or coated on a base
material, and a laminated sheet comprising a cured product of the prepreg.
[0010] According to the present invention, there is provided a resin
composition comprising:
a cyanate ester resin (A) represented by formula (1);
35 an epoxy resin (B); and
an inorganic filler (C),



material, and a | am nated sheet conprising a cured product of the prepreg.
[ 0010] According to the present invention, there is provided a resin
conposition conprising: a cyanate ester resin (A) represented by formula
(1); 35an epoxy resin (B); and an inorgarsic filler (O, t he
content of the inorganic filler (C) being 301 to 700 parts by wei ght based

100 ts b i i . ' t
epoxy rosin (B | oureeni i e RaEEAA (S bElng E2LAe R0 BAfs SR atom
or a methyl wedhy; based onil90aparisbggeeigbt inltatal &0the OGIEBestam st 0F) t he
presence of Eﬂgéﬁ%?ﬁgkfreeﬁrﬁ]gé)prem n represented by fornmula (1) in the resin
gto

conposition acc resent invention, the nolecular structure can
reduce a factor for reaction inhibition, and, thus, the 10 resin
conposi tion has excellent gurability. Further, |anpdated sheets and neta

foil-clad | am nated sheets| prgdhced I ngrt he es}Mo osition according
to the present inventi o h% gat( r 6% st anc , heat _Fonductivi ty,
and water absorptio | ang th “ds eij, g for prll)nt ed wiring
boards that can neet e d 15have very high

i ndustrial applicability. [DETAI LED DESCRI PTI ON OF THE | NVENTI ON] [0012] The

resin conposition accordi. Q. .t he nt .. Ny | C I Ses C at e
ester rersT}g n (A reprg@gﬁ%@%%farcgr'Hﬁ%gglﬁqéqdyarﬁ%g%%%; a RW{OQ%% atdnt &P X
methyl group; and n is an integer of 1 to 50.
[0011] By virtue of the presence of the cyanate ester resin represented
by formula (I} in the resin composition according to the present invention, the

molecular structure can reduce a factor for reaction inhibition, and, thus, the
10 resin composition has excellent curability. Further, laminated sheets and

metal foil-clad laminated sheets produced using the resin composition

according to the present invention have excellent heat resistance, heat

conductivity, and water absorption and thus are suitable as materials for

printed wiring boards that can meet an enhanced density requirement and
15 have very high industrial applicability.

[DETAILED DESCRIPTION OF THE INVENTION]

[0012] The resin composition according to the present invention

comprises a cyanate ester resin (A) represented by formula (i), an epoxy

20 resin (B), and an inorganic filler (C) as indispensable ingredients.

Ingredients constituting the resin composition according to the present

invention will be described.

[0013] <Cyanate ester resin (A)>

The cyanate ester resin (A) used in the present invention is a

25 polymer or a prepolymer represented by formula (I). The cyanate ester

resin (A) is obtained by reacting a naphthol compound such as a-naphthol or

B-naphthol with a condensing agent such as p-xylene glycol,

o,o'-dimethoxy-p-xylene, or 1,4-di(2-hydroxy-2-propyl)benzene to give a

naphtholaralkyl resin and polycondensing the naphtholaralkyl resin with

30 cyanic acid. The cyanate ester resin (A} may be produced by any publicly

known process without particular limitation. For example, the cyanate ester

resin (A) may be produced by reacting a naphtholaralkyl resin represented



20 resin (B), and an inorganic filler (C) as indispensable ingredients.

I ngredients constituting the resin conposition according to the present
invention will be described. [0013] <Cyanate ester resin (A)> The cyanate
ester resin (A) used in the present inverdtion is a 25 polyner or a
prepol yner represented by fornula (1). The cyanate ester resin (A) is

btained b I t : B I 3 - ht hol
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a basic conmp@l@td] Alternatively, the cyanate ester resin (A may be
produced by formng a salt fromthe naphthol aral kyl resin and the basic
conpound in a water-contaigjyng solution and then pegyf oxm ng a 5two-phase
interface reaction of f wi th_a cyapnogen haliide.y [0014] OHOH 11 (n)
wherein Rs each indepen epr egenty, a hydr ogegn %o or a !}hyl group;
and n is an integer t o JO i1C nyfar Qﬁ%, the subStituent Rs
each independently re SEF Ry atfom Or" a et hy| group. A cyanate
ester resin represented by formula (1) wherein the substituents R represent
hydr ogen, that is, an a-naphthol aral kyl cyanate ester resin, is

particul arly suitabl eHeoeinuSe.each ihdepahderitly) repmesentam hiydtoggper atwim brtao 50.

fwb. second oylrayelpLbhd bar AR el AP S *From the first cyanate ester
resin (AbOI n[@OTEy alrséorbeulaghdihe S01E]iTaet Bordemht indépemierdlyarepresargtar
parts by wer GRCTCBIE AR o 8o wh aeRHle pBRL e ReR R oot er

resin (A andomhdaefpxyheresi rihé¢ Byulziftuentst Re represpoi mysraferhetitatrigsi &t ance,

dissol ution 10, SHKERranit" Sy St dtkt YeshOd ariOANMy 'SEMaBid B use. I
formula (1), n is an integer of 1 to 50. A proper mixture of a first cyanate

15 ester resin (A) with one or at least two second cyanate ester resins (A)
different from the first cyanate ester resin (A} in n may also be used.
[0016] The content of the cyanate ester resin (A) is preferably 10 to 90
parts by weight, more preferably 30 to 70 parts by weight, based on 100
parts by weight in total of the cyanate ester resin (A) and the epoxy resin (B)
20  from the viewpoints of heat resistance, dissolution in solvent, and curability.
(G017} <Epoxy resin (B)>
Any compound containing two or more epoxy groups per molecule
may be used as the epoxy compound (B) in the present invention without
particular limitation, and conventional epoxy resins may be used. Examples
25 thereof include bisphenol A epoxy resins, bisphenol F epoxy resins, phenol
novolak epoxy resins, cresol novolak epoxy resins, bisphenol A novolak
epoxy resins, brominated bisphenol A epoxy resins, brominated phenol
novolak epoxy resins, trifunctional phenol epoxy resins, tetrafunctional
epoxy resins, naphthalene epoxy resins, biphenyl epoxy resins,
30 phenolaralkyl epoxy resins, biphenylaralkyl epoxy resins, naphtholaralkyl
epoxy resins, alicyclic epoxy resins, polyol epoxy resins,
phosphorus-containing epoxy resins, compounds obtained by epoxidizing a



Any conpound containing two or nore epoxy groups per nol ecule may be used
as the epoxy conpound (B) in the present invention w thout particular
limtation, and conventional epoxy resins may be used. Exanples 25 thereof
i ncl ude bi sphenol A epoxy resins, bisphefol F epoxy resins, phenol novol ak
epoxy resins, cresol novolak epoxy resins, bisphenol A novolak epoxy
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glass. Among them, for example, aluminum hydroxide, heat treated

products of aluminum hydroxide (products obtained by heat treating
30 aluminum hydroxide to remove a part of water of crystallization), metal

hydrates such as boehmite and magnesium hydroxide, zinc borate,

aluminum oxide, boron nitride, magnesium oxide, aluminum nitride, silicon

nitride, and magnesium carbonate are suitable for use from the viewpoint of

heat conductivity. These inorganic fillers may be used solely or in a proper
35 combination of two or more of them.
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di ameter (D50) of 0.1 to 20 [Amfromthe viewpoint of dispersibility. D50
means a nedi an dianeter which is a value that, when a neasured particle
size distribution of the powder is divided into two groups, the anount of 5
particles on a coarser side is equal to the anmount of particles on a finer
side. The D50 value of the inorganic filler is generally nmeasured by a wet
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di sper si on’ sttt oD SRR A S s upB A Ui PrglmilRe pbr b S aay SRERILED o
the wetting/ qﬂrsmeg& Nd hageoten mmwuetanpegetmclﬁdllalr (C) = tratré qmefeThlRlge351 to

di spersion s S. may .be commercially avail able products, and 7
exanpl es of ?@ ‘ﬁﬁ{eb 8ﬁ%ﬁFC|ally avai |l abl e di spersion stabilizers include

Di sper byX0 11000Z2]sperfek-iddiyand Sifler b§k- 188y Eiasaddé(yksdjﬁw tBYKa /DB
BYK- V8010, a%%m%%ént?é?ﬁ%r”%ﬁ't‘é?ﬁ Cntvléfyedmg ng Kac‘fcfléaoa in combmatuon with silane
coupling agents or wetting/dispersing agents. Any silane coupling agent
commonly used in surface treatment of inorganic materials may be used as
the silane coupling agent without particular limitation. Examples thereof
25 include, but are not limited to, aminosilane coupling agents such as
v-aminopropyltriethoxysilane and
N-B-(aminoethyl}-y-aminopropyltrimethoxysilane, epoxysilane coupling
agents such as v-glycidoxypropyltrimethoxysilane, vinylsilane coupling
agents such as y-methacryloxypropyltrimethoxysilane, cationic silane
30 coupling agents such as
N-B-(N-vinylbenzylaminoethyl)-y-aminopropyltrimethoxysilane hydrochloride,
and phenylsilane coupling agents. The coupling agents may be used solely

or in a proper combination of two or more of them.
[0023] Any dispersion stabilizer commonly used for coating materials
35 may be used as the wetting/dispersing agent without particular limitation.

These dispersion stabilizers may be commercially available products, and



[ 0024] <Mal ei mi de compound (D)> 5The resin conposition according to the
present invention may further conprise (D) a mal ei mde conpound. Any
conpounds contai ning one or nore mal ei m de groups per nolecule may be used
as the mal ei m de conpound (D) without pardicular Iimtation. Exanple

t hereof include bis(4-mal ei m dophenyl ) net hane,
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resins. 5[00%’7%(%{@gi gg‘d% bSH@i@P 36‘?? according to the present invention nmay
20 2,2-bis{4-(4-maleimidophenoxy)-phenylipropane, and
bis(3-ethyl-5-methyl-4-maleimidophenyl)methane are preferred from the
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viewpoint of heat resistance.
[0025] The content of the maleimide compound (D) is preferably 5 to 75
parts by weight, more preferably 10 to 70 parts by weight, based on 100
25 parts by weight in total of the cyanate ester resin (A) and the maleimide
compound (D) from the viewpoints of heat resistance and water absorption.
[0026] <Other ingredients>
The resin composition according to the present invention may if
necessary contain other ingredients in addition to the above ingredients.
30  For example, curing accelerators may be contained from the viewpoint of
properly regulating a curing speed. Any curing accelerators commonly used
as curing accelerators for the cyanate ester resin (A) and the epoxy resin (B)
may be used without particular limitation. Examples thereof include
organometal salts of copper, zinc, cobalt, nickel and the like, imidazoles and
35 derivatives thereof, and tertiary amines. The above curing accelerators may
be used solely or in a proper combination of two or more of them. The
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further contain various polyner conpounds such as other heat curable
resins, thernoplastic resins, and oligoners and el astoners thereof, other
flame retardi ng conpounds, and additives in such an anmount that does not
sacrifice desired properties. They may beé& generally used wi thout particul ar
10 limtation as long as they are commonly used. Exanples of flane
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di ssol ver or "&°'Rd Q(wechoégingéopgeﬁzo m n. 5[ 0030] <Prepreg and | am nat ed
sheet> 20 [0028]The Theemség canmpasitiongatepriing for d&e ptesemi emiardionciomgrif ses
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ketone, and cyclohexanone, aromatic hydrocarbons such as benzene,
toluene, and xylene, and amides such as dimethylformamide and

30 dimethylacetamide. One of or a proper combination of two or more of these
organic solvents may be used.
[0029] <Production process of resin composition>
The resin composition according to the present invention may be
obtained by mixing the cyanate ester resin (A), the epoxy resin (B), and the
35 inorganic filler (C). The mixing may be carried out by any method without

particular limitation. For example, the resin composition may be produced



Exanpl es thereof include woven fabrics, nonwoven fabrics, rovings, chopped
strand mats, and surfacing mats. The thickness of the base material is
20general ly approximately 0.01 to 0.30 mmbut is not limted to this
t hi ckness range. [0032] The base material %my have been surface-treated from
the vi ewpoints of adhesion to resins and hygroscopi ¢ heat resistance. For
exanpl e, the r Ly e u e it Qe a
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e he

coating the base rrat resin conposition or exanple
prepreg is prio@iedany matariedmasedgnovarioist rrnagemm fonguinted evifing heiards a

resin varnis of .t 0Si vent
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poly-p- phenylenebenzoblsoxazole fibers. These base materials may be

properly selected depending upon contemplated applications and properties.
The base materials may be used solely or in a proper combination of two or
15  more of them according to need.
[0031] 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.
[0032] The base material may have been surface-treated from the
viewpoints of adhesion to resins and hygroscopic heat resistance. For
example, the surface of the base material may be surface-treated with a
25 silane coupling agent or the like. When a woven fabric is used as the base
material, the woven fabric may have been physically opened.
[0033] In the present invention, base materials usable for thin product
applications include polyimide, polyamide, and polyester fiims. The
thickness of these films is not particularly limited but is preferably
30 approximately 0.002 to 0.05 mm. Further, when films are used as the base
material, preferably, the base material is previously surface-treated, for
example, by plasma treatment from the viewpoint of adhesion to resins.
[0034] The prepreg according to the present invention may be produced
by impregnating or coating the base material with the resin composition.
35 For example, the prepreg is produced by impregnating or coating the base
material with a resin varnish composed of the resin composition and an
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25 [EXAMPLES]
[0036] The present invention is further illustrated by the following
Examples and Comparative Examples that are not intended as a limitation of
the invention.

[0037] Synthesis of a-naphtholaralkyl cyanate ester resin

30 An a-naphtholaralkyl resin represented by formula (If} (SN495V,
OH group equivalent: 236 g/eq., manufactured by Nippon Steel Chemical
Co., Ltd.: containing compounds wherein n is 1 to 5) (0.47 mol, in terms of
OH group) was dissolved in 500 ml of chloroform. Triethylamine (0.7 mol)
was added to the solution. A solution of 0.93 mol of cyanogen chloride in
35 chloroform (300 g) was added dropwise thereto at -10°C for 1.5 hr. The
mixture was stirred for 30 min, a mixed solution composed of 0.1 mol of
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10spectrum As a result, an absorption attributable to a cyanate ester
group was confirnmed around 2264cm 1. [0038] Exanple 1 The

a- napht hol aral kyl cyanate ester resin (50 parts by weight), 50 parts by
wei ght of a bi phenyl aral kyl epoxy resin {NC 3000FH, manufactured 15 by
Ni ppon Kayaku Co., Ltd.), 3 parts by weight of a silane coupling agent
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condi tions of pressuré o nﬂjaa tenpera and a
mol ting 10 e specia®. mAs aagesilt,aam ahsordionmttriiuabledpprcyanalg e3iaT Sy

sheet . [0040“%?\5% ke a- napht hol aral kyl cyanate ester resin
(40 parts by weig fg?mégeac;?lr"] 5%3?‘8 , 20par t sbywei ght of

35bi s( 3- et hyl[0B38tet hickampialtei m dephenyOret hane (BM -70, manufactured by
12 epoxy resin (NG a08GRH P! BApIIpcRalde dereLPdodiat By e 17
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(manut act ur o0V rotrs BT AP o (FY it RERIHAHELEOES, BYK
wei ght of mardgpaesié.Korwarat mixest togathed tTe eniktuoe twasbtissaived varmetdll The
varni sh thus (bl aj gedenasg, di had efamd th, B & ImifRiNExideNdhAvE-095
20 manufactured by Denki Kagaku Kogyo K.K.) and 0.1 part by weight of
manganese octylate were mixed into the solution to prepare a varnish. The
varnish was diluted with methy! ethyl ketone, and a 0.05 mm-thick E-glass
cloth was impregnated and coated with the diluted solution. The coated
E-glass cloth was heat-dried at 160°C for 7 min to obtain a prepreg having a
25  resin content of 82% by weight.
[0039] Sheets (8 sheets) of the prepreg thus obtained were put on top of
each other, and a 12 um-thick electrolytic copper foil (3EC-il1, manufactured
by MITSUI MINING & SMELTING CO., LTD.) was placed on the top and the
underside of the stack, followed by lamination molding under conditions of a
30 pressure of 30kgficm?, a temperature of 220°C, and a molting time of 120
min to obtain a 0.8 mm-thick copper-clad laminated sheet.
[0040] Example 2
The a-naphtholaralkyl cyanate ester resin (40 parts by weight)
used in Example 1, 20 parts by weight of
35  bis(3-ethyl-5-methyl-4-maleimidephenyl)methane (BMI-70, manufactured by
K.1. Chemical Industry Co., Ltd.), 40 parts by weight of a biphenylaralkyl
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10 mmthick E-glass cloth was inpregnated and coated with the diluted
solution. The coated E-glass cloth was heat-dried at 160C for 8 mn to
obtain a prepreg having a resin content of 81%by weight. A 0.8 mmthick
copper-clad | am nated sheet was then obtdned in the sane nmanner as in
Exanpl e 1, except that the prepreg obtained just above was used.
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35 The w-naphtholaralkyl cyanate ester resin (60 parts by weight)
used in Example 1, 20 parts by weight of a pheno! novolak epoxy resin
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35 | am nat ed sheet was then obtained in the sanme manner as in Exanple 3,
except that the varnish prepared just above was used. 14 [0045] Conparative
Exanpl e 2 A varni sh was prepared in the sane manner as in

Exanmpl e 1, except that the addition anoud® of al um num oxi de (DAW3) was
changed from 490 parts by weight to 200 parts by weight. A prepreg having a
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Co., Ltd.) m*ge{ﬁybathyh@t@aa, and aeh e sirarihiskiteelaspSiothazyas impregnatedt and k
copper - cl ad | EdpiviA tﬁ@%ﬂhte\ﬂaéoi&ﬁ&ﬂ Oﬁ%@bé'ﬁgd!élg%% é&ﬂﬁ%é@ﬂ@ﬁﬂ%ﬁéd &l
20Exanpl e _4, except that the varnish prepared jusSt above was used.’

[ 0048] CohBar atdWe fekdrpindopbtain a prepreg hauingi & Fesimsopiespaf 88% by weightare
manner as in 4R . : r [

al um num oxi d@%ﬁﬁé@fkgﬁ)@ﬁg% CFglg?ttagﬁ ”E&ey\/e%ﬁgeﬁg m%%%gﬁoé]&%ﬁégy}ﬁetg‘?hsmﬁ/\)
wer e changed Manieieas§e Eoprpde 25:xsapt é%ihﬂmrghﬁegoﬁb’@lﬂlﬂﬁ jusinabrive evas
(DAWO03). A Qg thick copper-clad | am nated sheet was then obtained in

the sane manner as in Exanple 2, except that the varnish prepared just
above was usdé@043loo4dix@inlesdt i on of |ami nated sheets For the |aninated

enperat e, and the nat o ainoapAn’ triste dtf RV GRS ey
| am nat ed she#€dof Gonpar BxawelExandl e 5,25onepefist he hieat owrigiict i voty,
eval uated dus ig e o ey EL Ao RS IR N Rand A BY 5215 8y iibft of
conduct i vi t y:NapsHolaiehdlieppyy rgsindESN#APE) vere ctiken tegathescalteumitted wi t h
a Xenon flaskyANRLYSIGEA in hdthyl ethyl ketone.  Aluminum oxide (AA-3, manufactured
20 by Sumitomo Chemical Co., Litd.) (460 parts by weight), one part of
2,4, 5-friphenylimidazole (manufactured by Tokyo Chemical Industry Co.,
Ltd.), and 0.05 part by weight of manganese octylate were mixed thereinto to
prepare a varnish, The varnish thus obtained was diluted with methy! ethyl
ketone. A 0.05 mm-thick E-glass cloth was impregnated and coated with
25 the diluted solution. The coated E-glass cloth was heat-dried at 160°C for 7
min to obtain a prepreg having a resin content of 82% by weight. A 0.8
mm-thick copper-clad laminated sheet was then obtained in the same
manner as in Example1, except that the prepreg obtained just above was
used.
30  [0044] Comparative Example 1
A varnish was prepared in the same manner as in Example 3,

except that a prepolymer of 2,2-bis(4-cyanatephenylypropane (BT2070,

manufactured by Mitsubishi Gas Chemical Company, Inc.) was used instead
of the naphtholaralkyl cyanate ester resin. A 0.8 mm-thick copper-clad

35 laminated sheet was then obtained in the same manner as in Example 3,
except that the varnish prepared just above was used.



2) Gass transition tenperature: G ass transition tenperature was neasured

by a DMA net hod according to JI'S C6481. 3) Water absorption:

Wat er absorption after treatnent under conditions of 121C, 2 atm and 5 hr

with a pressure cooker tester (nodel 5P014, manufactured by Hirayana

Manuf acturi ng Corporation) according to JI'S 06481. The results of

eval uation wgpe4ss slpamtilaiph@nbi®el ow. [0050] [Table 1 Exanple
123451

Conpar ati ve ampl e 3 2 34 5 Heat conductivity (WmK) 1.7
P P A varnish was prepared in the same manner ag 1$1 Exam%le 1,

except that the addition amount of aluminum oxide (DAWO03) was changed
from 490 parts by weight to 200 parts by weight. A prepreg having a resin
5 content of 79% by weight was obtained in the same manner as in Example 1,
except that this varnish was used. A 0.8 mm-thick copper-clad laminated
sheet was then obtained in the same manner as in Example 1, except that
the prepreg prepared just above was used.
[0046] Comparative Example 3
10 A varnish was prepared in the same manner as in Example 4,
except that silica (FB-3SDC, manufactured by Denki Kagaku Kogyo K.K.)
was used instead of magnesium oxide (PSF-WZ). A 0.8 mm-thick

copper-clad laminated sheet was then obtained in the same manner as in
Example 4, except that the varnish prepared just above was used.
15  [0047] Comparative Example 4
A varnish was prepared in the same manner as in Example 4,
except that calcined talc (BST-200L, manufactured by Nippon Talc Co., Ltd.)
was used instead of magnesium oxide (PSF-WZ). A 0.8 mm-thick
copper-clad laminated sheet was then obtained in the same manner as in

20  Example 4, except that the varnish prepared just above was used.
[0048] Comparative Example 5
A varnish was prepared in the same manner as in Example 2,
except that the use of 400 parts by weight of aluminum oxide (DAW-03) and
50 parts by weight of boron nitride (HP-4W) were changed to the use of 750
25  parts by weight of aluminum oxide (DAW-03). A 0.8 mm-thick copper-clad
laminated sheet was then obtained in the same manner as in Example 2,

except that the varnish prepared just above was used.
[0049] Evaluation of laminated sheets
For the laminated sheets thus obtained, the heat conductivity, the

30 glass fransition temperature, and the water absorption were evaluated as
follows. For the laminated sheet of Comparative Example 5, none of the
heat conductivity, the glass transition temperature, and the water absorption
could be evaluated due to the occurrence of voids.

1) Heat conductivity; Heat conductivity in a plane direction was

35 calculated with a Xenon flash analyzer.



3.31.42.41.91.40.80.70.9 dass transition tenp. (C 241 263 252 254
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15

2) Glass transition temperature: Glass transition temperature was
measured by a DMA method according to JIS C6481.

3) Water absorption: Water absorption after treatment under
conditions of 121°C, 2 atm, and 5 hr with a pressure cooker tester (model

5 PC-3, manufactured by Hirayama Manufacturing Corporation) according to

JIS C6481.

The results of evaluation were as shown in Table 1 below.
[0050] [Table 1]

Example Comparative Example

1 3 3 4 5 i 5 3 4 5
Womg 17 | 33 | 14 | 24 | 19 | 14 | 08 | 07 | 09
g';sps 22?3';5“50” 241 | 263 | 252 | 254 | 261 | 253 | 240 | 244 | 241
Xxf}/f; absorption 03 | 03 | 03 | 03 | 03 | 06 | 03 | 04 | 11

10 [0051] As is also apparent from Table 1, the copper-clad laminated
sheets of Examples 1 to 5 were excellent in all of heat conductivity, heat
resistance, and water absorption. By contrast, the copper-clad laminated
sheet of Comparative Example 1 where a prepolymer of
2,2-bis(4-cyanatephenyl)propane was used as the cyanate ester resin had

15 poor water absorption. Further, the copper-clad laminated sheets of
Comparative Examples 3 and 4 where silica and silicic acid compounds such
as calcined talc were contained as the inorganic filler had poor heat
conductivity and unsatisfactory water absorption. The copper-clad
laminated sheet of Comparative Example 2 where the amount of the

20 inorganic filler incorporated was small had unsatisfactory heat conductivity.
On the other hand, the copper-clad laminated sheet of Comparative Example
5 where the amount of the inorganic filler incorporated was large suffered
from the occurrence of voids that made it impossible to use the copper-clad
laminated sheet in practical use.
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Table 1, the copper-clad | am nated sheets of Exanples 1 to 5 were excell ent
in all of heat conductivity, heat resistance, and water absorption. By
contrast, the copper-clad |am nated sheéet of Conparative Exanple 1 where a
prepolyner of 2, 2-bi s(4-cyanat ephenyl ) propane was used as the cyanate ester
resin had 15 poor water absorptiondiwiver, the copper-clad | am nated
sheets of Conparative Exanples 3 and 4 where silica and silicic acid
conmpounds such as calcined talc were contained as the inorganic filler had

poor hedtijcondug re/gtﬁ)coaﬁligbgﬂéﬁbbﬁﬁgl y water absorption. The copper-clad
| am nat ed sheet of arative where the anmpunt of the 20
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resin conrposbtlon co I‘ISII’I% anate ester resin 2 represe
formula (I); aged e >O r Ralts ygyeig i total of the cyanate ester resm (A) and the

epoxy resin (B)

wherein Rs each independently represent a hydrogen atom or a methyl
group; and n is an integer of 1 to 50.

2] The resin composition according to claim 1, wherein the incrganic filler
(C) is selected from the group consisting of aluminum hydroxide, heat treated
products of aluminum hydroxide, boehmite, metal hydrates of magnesium
hydroxide, zinc borate, aluminum oxide, boron nitride, magnesium oxide,
aluminum nitride, and silicon nitride.

[3] The resin composition according to claim 1 or 2, wherein the content of
the cyanate ester resin (A) is 10 to 90 parts by weight based on 100 parts by
weight in total of the cyanate ester resin (A) and the epoxy resin (B).

[4] The resin composition according to any one of claims 1 to 3, wherein the
content of the epoxy resin (B) is 10 to 90 parts by weight based on 100 parts
by weight in total of the cyanate ester resin (A) and the epoxy resin (B).

[5] The resin composition according to any one of claims 1 to 4, which
further comprises a maleimide compound (D).

[6] The resin composition according to claim 5, wherein the content of the
maleimide compound (D} is 5 to 75 parts by weight based on 100 parts by



an inorganic filler (O, the content of the inorganic filler (C) being
301 to 700 parts by weight based on 100 parts by weight in total of the
cyanate ester resin (A and the epoxy resin (B) wherein Rs each

i ndependently represent a hydrogen at ol or a net hyl group; and n is an
integer of 1 to 50. [2] The resin conposition according to claim1l1, wherein
the inor gani wefght iretothCbf tife s@hifbatktdr &% 18) I5AYRNE FRSleThidBIcEhp@inim num
hydr oxi de, h@t treated products of al um num hydroxi de, boehmite, netal
hydr at es of gnesi um hydroxi de, zinc borate, alum num oxi de, boron
nitride, magnesium oxide, alumnumnitride, and silicon nitride. [3] The
resin cciggosi tion according tg claiml1 or 2, wherein the content of the
cyanat e 66t er r &si Brepr§Y i OMBrigigune phdses Hpteldlig Nt 5 d@Shh cPSdias by
vei ght in t oddor@hgithangy@Rbeciafhen o8 infpleBhafittintd18r 888N dffiebédd - [ 4]
The resin conposjtion according to any one of clains 1 to 3, wherein the
content of tMEMEEbxy resin (B) is 10 to 90 parts by wei ght based on 100
parts by weight in total of the cyanate ester resin (A and the epoxy resin
(B). [5]..The resin conposition according to any one of clainms 1 to 4, which
further [Bbnpri séslamipaled shert cosmyEing a(ayred PEpdutiofiaprapred Aseeicdiih
accordi ng toglgh@ym 5, wherein the content of the nal ei mde conpound (D) is
5to 75 parts by wei ght based on 100 parts by 17 weight in total of the
cyanate ester resin (A and the nal eim de conpound (D). [7] A prepreg
conprisifgp: a basensml ebi-dlad %ﬁinété&%h@e@%@ﬁﬁﬁ!sﬁdgo'é RPEIbA%arkd caryd one
of clainsl to 6 inpregnated into or coated on the base material. [8] A

| ami nat ed sHYeHug PEIRKEY acewiding oy daiet’ X amstabiodg according to claim
7. [9] A netal foil-clad | am nated sheet conprising a | am nation and cured
product of a prepreg according to claim7 and a netal foil.



