- 1 - DESCRIPTION Title of Invention CURABLE RESI N COVPCSI TI ON, CURED
PRODUCT THERECF, PHENOL RESI N, EPDXY RESI N, AND SEM CONDUCTOR
ENCAPSULATI NG MATERI AL Technical Field [0001] The present
invention relates to a heat-curable resin conposition which produces
a cured product having excellent heat resistance, noisture-resistance
reliability, flanme retardancy, dielectric characteristics, and
curability in curing reaction and wii dh can be preferably used for a
sem conductor encapsul ating material, a printed circuit board, a
coating material, cast nolding, etc., a cured product thereof, a
phenol resin, an epoxy resin, an®EsCRIATI@NuUctor encapsul ating

mat eri al using the heat-curable resin conposition. Background Art

[ 0002] Heat - curabl e resin conpositions each containing an epoxy
resin and a curing agent therefor as essential conponents are

excel lent in various physical Tptbperfi Esventchomas hi gh heat

resi stance, noisture resistance, |ow viscosity, and the like, and are
t hus wi del YURRRHE f BIES BN eCEMBPS ETION 2 CURBRpBRePYST sTIRBRESE a PHENOL
sem conductor encapsul ating material, a printed circuit board, and
the |i keRESHE, eFBRXY ok Bl ondydnePtEM TN Y CEQR duEA Pl aRENG \IAAT BRiEARL
as conductive paste; other adhesives; matrixes for conposite
materials; coating materials; photoresist materials; color devel oping

materials; etc. [0Q003]
Technical Field

[0001]

The present invention relates to a heat-curable resin
composition which produces a cured product having excellent
heat resistance, moisture-resistance reliability, flame
retardancy, dielectric characteristics, and curability in
curing reaction and which can be preferably used for a
semiconductor encapsulating material, a printed circuit
board, a coating material, cast molding, etc., a cured
product thereof, a phenol resin, an epoxy resin, and a
semiconductor encapsulating material using the heat-curable
resin composition.

Background Art
[0002]

Heat-curable resin compositions each containing an
epoxy resin and a curing agent therefor as essential
components are excellent in various physical properties such
as high heat resistance, moisture resistance, low viscosity,

and the like, and are thus widely used for electronic



In these various applications, particularly, in application to
advanced materials, performances such as heat resistance and
noi sture-resistance reliability have been recently required to be
further inproved. For exanple, in the sem conductor encapsul ating
material field, reflow treatnment tenperatures are increased due to
transition to surface-nmount packages, ,such as BGA and CSP packages,
and response to | ead-free sol der, and 4 hus encapsul ation resin
materials for electronic conponents, which have ever-nore excell ent
noi sture resistance and sol der resistance, are desired.
Fur t her ,cdrgomaviesrenici oveara s arsicdnctodr halogen: basedy flamerial, a
retardants has been recently increased fromthe viewpoi nt of harnony
Wi th t heprinviednmientyi arebddulis apbxghe elsikes; arite phlenoirareisi ns (curi ng
agent) which exhibit a high degree of flanme retardancy in a
hal ogen-domeorstrt e iy beerdueting etihd0004] sucl8 as condugdaing es of
di scl osed a phenol resin and an epoxy resin for electronic conponent
encapsulRasiry reftiean s el s c ol 8L 48 % i QhexBnpaidi s ardifsia kel ude
a benzyl at ed phenol resin produced by reaction of a phenol resin with
a benzy| %3 gl aderite siiehs aPBeraa s kh ot e B 7arr @tk eesieping
produced by reaction of the benzyl ated phenol resin with
epi chl orSHyRFIN r 3% to, for exanple, Patent Literature 1), and a
phenol resin produced by reaction of a phenol conpound with
di chloro | napht hal ene and an epoxy resin produced by reaction of
t he phenol resin, which_i.s produged %% reaction.mﬁég .
di chi or omet hyPhaBRERal’éfe W R PEFiCELOPShy &AL CPEF&! Yr o 17 or
exanpl e,  Patent, .Literatu 3)... 1,000 ver, .the oxy
resin aﬁgnﬁﬁéﬁ%]IFE§¥%‘%#§%(%gg %E1%%1%ﬁﬂfﬂﬁﬁﬁﬁﬁﬁ%ﬁ§§% %ﬁ%p é%ﬁgggéd
i n noi st - t] : rista I ypr qvied. nt in
o1 ot ur 4o e L e S AR R S R
unsati stactOri 416 A&Y 8l S LRI A N HCRg Y eabs- e&amgﬁgl,t Lan,
these resins are poor in flane retardancy and cannot be de |gneé as
hal ogen-fHeesdmt &Il Stor NerRdth U0 i A8 BRI I esid) Bnd-dxenpl resin
(curing agent) disclosed in Patent Literatures 2 and have sone
degree ofr&ffealtc derpgaroming fdame detargdan@udwo g diighbn to
viscosity and thus have low fluidity during nolding, thereby nmaking
it quiteurfdee-nmomasPddiadas Uusndinrae|BEA raond Iy Wil
recent finer pitches. [0006]

response to lead-free solder, and thus encapsulation resin

materials for electronic components, which have ever-more
excellent moilsture resistance and seclder resistance, are
desired.

Further, the movement toward exclusion of halogen-based
flame retardants has been recently increased from the
viewpoint of harmony with the environment, and thus epoxy
resins and phenol resins (curing agent) which exhibit a high
degree of flame retardancy in a halogen-free state have been
reguired.

[0004]



Accordingly, in the field of electronic conponent-related materials,
it is the present situation that an epoxy resin conposition
satisfying fluidity, noisture-resistance reliability, and flane
retardancy has not yet been found. Citation List Patent Literature

[ 0007] PTL 1: Japanese Unexam ned Patent Application
Publ i cati on No. 8-120039 PTL 2: Japanese Unexam ned Patent
Application Publication No. 2004-5979 PTL 3. Japanese

Unexam ned Patent Application Publication No. 2004-123859 Sumary of
I nvention Techni cal Probl em [ 0008] Accordingly, a problemto be
sol ved by thé&xamedest dihvdmdlosdd & ephsrod desdrheard @ur aflosyr esisin
conposition having excellent fluidity and realizing

moi st ur efgestecenie| ¢ eneyt sticabt el Fioing derirer e ke twiokile
conponent-related materials and high flane retardancy in a

hal ogen-3¢reel S twatte fighe Frar FRmyl HRHe t hel it mrgtrn 2 Bl @ i slict
thereof, a - 5 - _ sem conductor, enca sulathgg#naterial usi ng the

conposi tioh? PR FRIF N AhdPepo B8NSt St H iV e t hese

rformn : | uti on Pr obl em
Perto éﬁ?&lé%ﬁﬁg é%eéé)suéﬁ)ég éﬁggﬁ chloride and an epoxy resin

produced by reaction of the benzylated phenol resin with
epichlorchydrin (refer to, for example, Patent Literature 1),
and a phenol resin produced by reaction of a phenol compound
with dichloromethylnaphthalene and an epoxy resin produced

by reaction of the phenol resin, which is produced by
reaction with dichloromethylnaphthalene, with

epichlorohydrin (refer to, for example, Patent Literatures 2
and 3).

[(0005]

However, the epoxy resin and phenol resin disclosed in
Patent Literature 1 are decreased in moisture-absorption
characteristics and improved to some extent in moisture
resistance and solder resistance, but these properties are
unsatisfactory to the levels required in recent years. 1In
additicn, these resins are poor in flame retardancy and
cannot be designed as halogen-free materials. In addition,
the epoxy resin and phenol resin (curing agent} disclosed in
Patent Literatures 2 and 3 have some degree of effect of
improving flame retardancy but have high viscosity and thus

have low fluidity during molding, thereby making it guite



As a result of intensive research for solving the problem the
inventors of the present invention found that in a phenol resin

havi ng, as a basic skeleton, a structure in which a plurality of
phenol i ¢ hydroxyl group-containing aronmatic skel etons (ph) are bonded
to each other through an al kylidene group or a nethyl ene group having
an aromatic hydrocarbon structure, npigtyre-resistance reliability
and high flanme retardancy in a halogen-free state are achi eved by

i ntroduci ng a napht hyl met hyl group or an anthryl methyl group into an
aromati ¢ nucl eus of the phenol resin. [0010] The present

i nvent i cimpes atleke too audeatecue kbt eroese ncoopposit $ oni{iherecet t er
abbreviated as a "heat-curable resin conposition (I)") including, as
essent i af indnpohe®ss. an epoxy resin (A and a phenol resin (B),
wherein the phenol resin (B) has a phenol resin structure having, as
a basic Ek&&ton, a structure in which a plurality of phenolic

hydr oxyl group-containing aromati c skel etons (ph) are bonded to each
ot her t hr ougfca®ralinglivaedd ghsud 6l HetThAEHE G GRS an
aromati ¢ hydrocarbon structure, and an - 6 - aronmtjc nucl eus of the
phenol rEtared MRter P s B naphthy I RERFSAT of Dup? Bront Rt 1351 $RRAY |
group. [0011 Further, th resent,invention relates to a

Sem condUTTdl SHERRRLE SRR rit TRT AT THCHUt Yag, T GO 1 P T AR
epoxy resin, ((A),.and the,phenol resin.(B) of the heat-curablge resin
conpyst CTOHELTY LI 1416 GhrEe 1 Frradion Had Ko O s o oBoRt,: rmass
in the itign._J0012] Further, the present invention
relatesq?ggﬁé%%#e %ﬁoduct produced by a curing reaction of the

heat-curﬁggéhgeﬁﬁggf§¥ngg§ition (I'). [0013] Further, the present

invention relates to an epoxy resin cured product produced by a
curing reagdippn of the heat-curable resin conposition (I). [0014]
Further, the present invention relates to a phenol resin having a

phenol resi npglT UGt W@ RN Bn A8 kRS kG thR] 8.1 & slgructure in
which a plurality of phenolic hydroxyl group-containing aromatic

skel et ons dpia@ren hendeg-tmeEseh ot her through an al kyl i dene group
or a nethylene group having an aronmatic hydrocarbon structure, and

aromati ¢ nuclpel, i2n Uk@aphkerolUneesind redd Ueitwne Baya iraghidny | met hyl
groups or anthrylnmethyl groups. - 7 - [0015]
Publication No. 2004-59792

PTL 3: Japanese Unexamined Patent Application
Publication No. 2004-123859
Summary of Invention
Technical Problem
[0008]

Accordingly, a problem to be solved by the present
invention is to provide a heat-curable resin composition
having excellent fluidity and realizing moisture-resistance
reliability suitable for recent electronic component-related

materials and high flame retardancy in a halogen-free state

for harmony with the environment, a cured product thereof, a



Further, the present invention relates to a heat-curable resin
conposition (hereinafter abbreviated as a "heat-curable resin
conposition (11)") including, as essential conponents, an epoxy resin
(A") and a curing agent (B'), the epoxy resin (A" ) having an epoxy
resin structure having, as a basic skeleton, a structure in which a
plurality of glycidyloxy group-contq@@ ng aromati c skeletons (ep) are
bonded to each other through an al kylidene group or a nethyl ene group
havi ng an aronmati c hydrocarbon structure, and an aromatic nucleus in
t he epoxy resin structure has a naphthyl methyl group or an

ant hryl netshitonpucipor [@0df}sulatindFuratherial hesressm domens i toion,
relates to a sem conductor encapsulating material including, in

addi ti orand a hehapokyresit mId 9pary Tl uriigh agerr YiB3e of the
heat - curabl e resin conposition (I1), an inorganic filler at a ratio
of 70% tREOBERANFRES in the conposition. [0017] Further, the
present invention relates to a cured product produced by a curing
reacti o ¥t K heatExW &Ml e resin conposition (11). [0018] Further,
the present invention relates to an epoxy resin having an epoxy resin
structur@”ﬂﬁ%lng, as a basic - 8 - skeleton, a structure in which a

plurality of _glycidyl Qup-cont ai ni_ ng _ar i c skel.etons (ep) are
bonded to ea@% 5tﬁ§g4$#6%gﬁ Qﬁﬁ&ﬁiﬁﬁﬁ% %ﬁ%gfer4;WH%%9$§he group
havi ng an_ aronmatic hydrocarbon structure, and an aromatic nucleus. in
the. opodF TERTl SUMICLUNG e & maght ot sy 0y Blipl Sl i

L ST e B B 0L { e

According to e present inve 0SS 0 pro

heat - curapl g, 1§31 SAIRPSI L oSk NAKdo SXGR/d BT g Slid Ve ining

realizing noisture-resista Ity suit recent

el ect r ond o OHMONS Td & ebHRLEFd Ashdd {1 Wk dd AL LA ARy 4 @

hal ogen-free state for harnony with the environment, a cured product
ther eof .5 Ik PEIAGANAUCHY SNCGARSIH AL e NREQID a WGt Neromatic

conposi tion, and a phenol resin and epoxy resin which give these
per f or meneesscBr@f ascrdptd Ol s oM Mgsi stance reliability and
high flame retardancy in a halogen-free state are achieved
by introducing a naphthylmethyl group or an anthrylmethyl
group into an aromatic nucleus of the phenol resin.
[0010]

The present invention relates to a heat-curable resin
composition (hereinafter abbreviated as a "heat-curable
resin composition (I)") including, as essential components,
an epoxy resin (A) and a phenol resin (B), wherein the
phenol resin (B} has a phenol resin structure having, as a
basic skeleton, a structure in which a plurality of phenolic
hydroxyl group-containing aromatic skeletons (ph) are bonded

to each other through an alkylidene group or a methylene

group having an aromatic hydrocarbon structure, and an



[ 0020] [Fig. 1] Fig. 1 is a GPO chart of phenol resin (A-1)

produced in Exanple 1. [Fig. 2] Fig. 2 is a "CNW chart of
phenol resin (A-1) produced in Exanple 1. [Fig. 3] Fig. 3is a
M5 spectrum of phenol resin (A-1) produced in Exanple 1. - 9 -

[Fig. 4] Fig. 4 is a GPO chart of phenol resin (A-2) produced in
Exampl e 2. [Fig. 5] Fig. 5is % GPO chart of phenol resin
(A-3) produced in Exanple 3. [Fig. 6] Fig. 6 is a GPO chart of
phenol resin (A-4) produced in Exanple 4. [Fig. 7] Fig. 7is a
GPO chart of phenol resin (A-5) produced in Exanple 5. [Fig.

8] Fig. &imatalGROicheus of Eppxgherst nrdsn)sproduces ias Bxanpl e 6.
[Fig. 9] Fig. 9 is a 13CNWR chart of epoxy resin (E-1) produced in
Exanpl e l&@phthylmefflfyly. gn@)p Ry, anaiishzy MB idpektFienns epoxy resin
(E-1) produced in Exanple 6. [Fig. 11] Fig. 11 is a GPO chart
of epoxyl®@sih (E-2) produced in Exanple 7. [Fig. 12] Fig. 12

is a GPO chart of epox;g1 resin (E-3) produced in Exanple 8.
Further, the present invention relates to a

semiconductor encapsulating material including, in addition
to the epoxy resin (A) and the phenol resin (B) of the heat-
curable resin composition (I), an inorganic filler at a
ratio of 70% to 95% by mass in the composition.

[0012]

Further, the present invention relates to a cured
product produced by a curing reaction of the heat-curable
resin composition (I).
f0013]

Further, the present invention relates tc an epoxy
resin cured product produced by a curing reaction of the
heat-curable resin composition (I).

[0014]

Further, the present invention relates to a phenol
resin having a phenol resin structure having, as a basic
skeleton, a structure in which a plurality of phenolic
hydroxyl group-containing aromatic skeletons (ph) are bonded
to each other through an alkylidene group or a methylene
group having an aromatic hydrocarbon structure, and aromatic
nuclei in the phenol resin structure have naphthylmethyl

groups or anthrylmethyl groups.



[Fig. 13] Fig. 13 is a GPO chart of epoxy resin (E-4) produced in

Exanpl e 9. [Fig. 14] Fig. 14 is a GPO chart of epoxy resin
(E-5) produced in Exanple 10. Description of Enbodi nents [0021] The
present invention is described in detail below - 10 - A

heat - curabl e resin conposition (1) of the present inventionis a
heat - curabl e resin conposition including, as essential conponents, an
epoxy resin (A) and a phenol resin (B), the phenol resin (B) having a
phenol resin structure having, as a basic skeleton, a structure in
which a plurality of phenolic hydroxyl group-containing aromatic
skel et ons0q¥) are bonded to each other through an al kylidene group
or a nethylene group having an aromati c hydrocarbon structure, and
aromat i ¢ nuclfeirtityet, héhshensisendsiim veryticorure lisdes aplt igaret hyl
groups or anthrylnethyl groups. [0022] That is, the phenol resin
(B) has dwealplfentts iestomesictan elhRigimp I tar tdmsiateaka®tdn, the
structure in which a plurality of phenolic hydroxyl group-containing
aromat i ¢ hscd et {phyesie HOMmRIL teoeachl ot hemdht

al kyl'i dene group or a methyl ene group having an aronmatic hydrocarbon
st ruct ur¥SSeHdtEh SHRRRTE hudBRPTH tH Phetfol) rdd i FHUAUrAIHYs

ht hyl net hyl t | met hyl . Ther ef :
o omati Yy of RSB T ik BniACE AR diT9h o CHE e
can be intained. In additioon, it is pgssihle to inprove affinity
for an I HOFYS G5 i 1o KucH SRS c T Spptieat oie &
oo L 20 L NG Bl SRSIERR AL %S08 15, 8 o
st . i | |
Mol S ure%e;rpe)S'a%:teari:Foqqc{e%'ﬁpléé(%%/ Ak @%dlgﬁl{ aéﬁ%ﬁ{ye%lﬁiﬁgiﬁ@ﬁ#

i nventio t he phenol Tesin corresponds’to a no

of the %{E“S?eﬁﬂ’clie&ﬁf%ﬁﬂ’ HAM2Y an arondidB HgMEMIUN s Of A&

i nprove noi sture-resistance reliability and flanme

retardanmy drheanient Qfcides naphthy ldpshy | - Haups: Qicantdhmd et hyl

groups in the aromatic nuclei of the phenol” resin structure is

pr ef er ablaphkth 1020, 1 Ny QiR Ofar afdthOf1daiall nywdigs. of the
napht hyl met hyl groups or anthryl methyl groups relative to a total
nunber ofodi) of the phenolic hydroxyl group-containing aronmatic
skeletons (ph). In particular, the content is preferably 15 to 120
fromthe vi esmpaitheref thiee plreghkert: déhfvect: ioh irepradeisngocarability,
nol dability, npisture-resistance reliability, and flane retardancy,
nor e pr efarialindugtar reange 0f 1200 e mk0G: f iraolm drhel udiewpoiint agfdithieon
excellent affinity for filler such as silica and excell ent

i mpr egndtd drhe reRexy giesia sifo'st rate, thehduthiagsiagsft ceéht) eff ddte of
the present invention, and particplarlyzfreferably in a range of 20
to 80. F@Ggqcurable resin composition (II), an inorganic filler at

a ratio of 70% to 95% by mass in the composition.
[0017]

Further, the present invention relates to a cured
product produced by a curing reaction of the heat-curable
resin composition (II).

[0018]
Further, the present invention relates to an epoxy

resin having an epoxy resin structure having, as a basic



On the other hand, Patent Literatures 2 and 3 describe that

di chl oronet hyl napht hal ene used as a condensi ng agent contains
napht hyl met hyl chloride as an inpurity, and heat - 12 - resistance
is degraded unless the inpurity content is 10% by mass or |ess.
However, in the present invention, the naphthyl methyl group or
anthryl methyl group is positively intrpoduced into the resin
structure, and the ratio of the napﬁiﬁylnethyl groups or

ant hryl met hyl groups present is 10 to 200 relative to the total
nunber of 100 of the phenolic hydroxyl group-containing aromatic
skel et orskdEon t hersbyuctaus: ngn noh detregseuial hieatof esl vt adckoand
significantly inproving noisture-resistance reliability represented
by noi stareupesistanctonanouder slesisteantelefruraterhonded sto each
noteworthy that the heat-curable resin conposition of the present

i nvent i or-heis Merguglovayi sblost tdene sppur @f adrmEinene Qevidensed
pol ycyclic skeleton with high bul ki ness, thereby i nproving _

i npr egndt3 GG D APIHoEGINEr FFITRIN ST Gl EF 4 | &% o B Yralsse
substrate and achi eving good noi sture-resi stance reliability. [0025]
Here, tHEIESHTMD e MRPIEPHEFA Het M Cigtotige dre By retelyL
groups in the aronmatic nuc]ei of the phenol resin structure, i.e.,

t he t ot #THnser Ut & Pygroups or anthryl nethyl groups

H
relativ o the total nber of 100 of. the phenolic hydroxyl
gr oup-cglfévaairht?ar%e%‘fso éJ%crs?eci”Iet%rh ST is equal to the total

anount oggﬁjﬁﬁphthylnethylating agent or anthryl nethyl ati ng agent
(a2) bas o the nunber of aromatic nuclei ina - 13 - phenol resin
raw materi al f.ar Rro i p | ..r-esin..[QQ2 .

descri bed abgggsgpﬁggpﬁéhowﬁ?ggfk ?é)q%&%Pﬁé% éaﬁﬁbgga |§ﬁﬁ§%ﬁ$%°
conposi gh%i(de) £ YA rdifh téeéﬁ'ib@éé&%i%ﬁ’h&iﬂ@@id&lm’ﬂ oxy!
group-containing aromati c skel eton (the structural sites i1s

abbrevi at Rt s @ arRNeN0] 1 1€ T rRxYd £ F QURs SNt B dH NG 1B A9KBIE 4 Gy

skel eton (Phi)™ hereinafter) having a naphthyl net hyl group or

ant hryl natsdb 18 ofHY- | Fb Gh OB 4 160 THUE | @348 orad ek -ar INen inea dwyielir Oy |
group-contai ning aromati c skeleton (the structural site is

abbr evi afretl Hisyla fihenotd itz Ay Oxyin o Qe -aff fe N Gs e tonet o

skel eton (Ph2)" hereinafter) not having a naphthyl nmethyl group or

ant hr yl rmetimdnygraitfh itharerariomainennudc etisred pitddnatesitesdaictair e,
these structural sites are linked to each other through an al kylidene
gr oup orsearioratdus: thopd regozardonl st Imur tuertee ioiont al i et hoydrerss igrioup
(hereinafter referred to as the "nmethylene bridging group (X)").
[0027] and aSipltmalhergrigsennd ienafit i 098 asvhivh abiole-dest i bed
characteristic chem cal structure, it is possible to enhance the

ar omat i PLTRWANGSF t he nol ecul ar structure and inpart excel | ent heat

resi stance and flane retardancy to a cured product.
Brief Description of Drawings

[0020]

[Fig. 1] Fig. 1 is a GPC chart of phenol resin (A-1)
produced in Example 1.

[Fig. 2] Fig. 2 is a 3c_NMR chart of phenol resin (A-1)
produced in Example 1.

[Fig. 3] Fig. 3 is a MS spectrum of phenol resin (A-1)

produced in Example 1.



- 14 - [0028] The phenolic hydroxyl group-containing aronmatic
skel eton (Phl) can take various structures. Specifically, aromatic
hydr ocar bon groups represented by structural fornulae Phl-1 to Phl-13
bel ow, which are forned from phenol, naphthol, and a conpound havi ng
an al kyl group as a substituent on the aromatic nucl eus of phenol or
naphthol, are preferred fromthe viqygf[pt of excellent heat
resi stance and noi sture-resistance relfability. [0029] Exanpl es
of the phenolic hydroxyl group-containing aronmatic skel eton (Phi)
i ncl ude those represented by structural formulae P1 to P13 bel ow.
[0030] [Chem[Fl]g. 4]15'ig. 4 is a GPC chart of phenol resin (A-2)
produced in Example 2.
[Fig. 5] Fig. 5 is a GPC chart of phenol resin (A-3)
produced in Example 3.
[Fig. 6] Fig. 6 is a GPC chart of phenol resin (A-4)
produced in Example 4.
[Fig. 7] Fig. 7 is a GPC chart of phenol resin (A-5)
preduced in Example 5.
[Fig. 8] Fig. 8 is a GPC chart of epoxy resin {E-1)
produced in Example 6.
[Fig. 2] Fig. 9 is a 13Cc-NMR chart of epoxy resin (E-1)
produced in Example 6.
[Fig. 10] Fig. 10 is a MS spectrum of epoxy resin (E-1)
produced in Example 6.
[Fig. 111 Fig. 11 is a GPC chart of epoxy resin (E-2)
produced in Example 7.
[Fig. 12] Fig. 12 is a GPC chart of epoxy resin (E-3)
produced in Example 8.
[Fig. 13] Fig. 13 is a GPC chart of epoxy resin (E-4)
produced in Example 9.
[Fig. 14] Fig. 14 is a GPC chart of epoxy resin (E-5)
preduced in Example 10.
Description of Embodiments

[0021]

The present invention is described in detail below.



OH In these structures, when two or nore bonds to other
structural sites are positioned on a naphthal ene skel eton, these
bonds may be positioned on the sanme nucleus or different nuclei.
[0031] In the present invention, the structural formula Phi-1 - 16 -
havi ng a phenol skeleton is particularly preferred fromthe viewpoint
of low viscosity and excellent curability, heat resistance, and
moi sture resistance and sol der resi st afce. Al so, a phenol skel eton
havi ng net hyl groups as represented by the structural fornula Phl-4
is preferred fromthe viewpoint of the significant effect of
I mprovi ng heat heegi-startd cofrawiirstasmeasaidiistrande afd 3@ gatesent
resi stance. In addition, when the phenolic hydroxyl group-containing
aromat i cirskelteton {$ha )hest posrdbbnede atn acomppesiit Bon end; Liskieb et ons
represented by structural fornulae Phl-14 to Phi-22 described bel ow
can be wwmknfOBQof@eent] an gyoxy resin (A) and a phenol resin
(B), the phenecl resin (B) having a phenol resin structure
having, as a basic skeleton, a structure in which a
plurality of phenolic hydroxyl group-containing aromatic
skeletons (ph} are bonded to each other through an
alkylidene group or a methylene group having an arcmatic
hydrocarbon structure, and aromatic nuclei in the phenol
resin structure have naphthylmethyl groups or anthrylmethyl
groups.
[0022]

That is, the phenol resin (B) has the phenol resin
structure having, as the basic skeleton, the structure in
which a plurality of phenolic hydroxyl group-containing
aromatic skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and an aromatic nucleus in the phenol
resin structure has a naphthylmethyl group or an
anthrylmethyl group. Therefore, aromaticity of the resin
can be enhanced, and fluidity of the resin can be maintained.
In addition, it is possible to improve affinity for an
inorganic filler such as silica in application to a

semiconductor encapsulating material, decrease the

coefficient of thermal expansion of a cured product, and



[ 0033] In these structures, when two or nore bonds to other
structural sites are positioned on a naphthal ene skel eton, these
bonds may be positioned on the sanme nucleus or different nuclei.

In the present invention, the structural formula Phl-14 having a
phenol skeleton is particularly preferred fromthe viewpoint of |ow
viscosity and excel |l ent curability,_hiﬂt_ - 18 - resistance, and

noi sture resi stance and sol der resistance. Al so, a phenol skeleton
having a nethyl group as represented by the structural fornul ae

Phl- 15, Ph1-20, or Phl1-22 is preferred fromthe viewoint of the
significaigniefieait bf imgrow ngeiheaire-astsisrmecofrabiatirecy and
resi stance and sol der resistance. [0034] On the other hand, as
t he phenblaree hyeltr xgdnagy ougc diincaipniesgndr dmateind iske| ethen phiem2)l not
havi ng the napht hyl net hyl group or anthryl nethyl group in the
aromat i crerict elB) speeidsratdy, taromavel hkwechriphlgrolipshe present
represented by structural fornulae Ph2-1 to Ph2-17 bel ow, which are
formed f¥OPREND! , naphthol, and a conpound havi ng an al kyl group as
a substituent on the aromatic nucl eus of phenol or naphthol, are
preferre%4dm t he vi ewpoi nt of excellent heat resistance and

noi sture resistance and sol der resistance. [0035] [Chem 3] - 19 -
From the viewpolint of more improved balance between

molsture-resistance reliability and flame retardancy, the
content of the naphthylmethyl groups or anthrylmethyl groups
in the aromatic nuclei of the phenocl resin structure 1is
preferably 10 to 200 in terms of ratio of total number of
the naphthylmethyl groups or anthrylmethyl groups relative
to a total number of 100 of the phenoclic hydroxyl group-
containing aromatic skeletons (ph). In particular, the
content is preferably 15 to 120 from the viewpoint of the
higher effect of improving curability, moldability,
moisture-resistance reliability, and flame retardancy, more
preferably in a range of 20 to 100 from the viewpoint of the
excellent affinity for filler such as silica and excellent
impregnation into a glass substrate, and the significant
effect of the present invention, and particularly preferably
in a range of 20 to 80.
[0024]

On the other hand, Patent Literatures 2 and 3 describe
that dichloromethyl naphthalene used as a condensing agent

contains naphthylmethyl chloride as an impurity, and heat



OHOHOH ei seOHHasei N e4" 1Ph2- 1Ph2- 2Ph2- 3r AyCH3 Ph2-4 14: 41: 1/ 40H OHOH
Ph2- 5SH3CNI , | eC H3 Ph2-6 CH3 OHOH H3C, As. eCH3 |, F)Ph2-71, 1()))

- 12 -

resistance is degraded unless the impurity content is 10% by
mass or less. However, in the present invention, the
naphthylmethyl group or anthrylmethyl group is positively
introduced into the resin structure, and the ratio of the
naphthylmethyl groups or anthrylmethyl groups present is 10
to 200 relative to the total number of 100 of the phenolic
hydroxyl group-containing aromatic skeletons (ph), thereby
causing no decrease in heat resistance and significantly
improving moisture-resistance reliability represented by
moisture resistance and solder resistance. Further, it is
noteworthy that the heat-curable resin composition of the
present invention has very low viscosity in spite of
containing a condensed polycyclic skeleton with high
bulkiness, thereby improving impregnation into an inorganic
filler such as silica and a glass substrate and achieving
good moisture-resistance reliability.

[0025]

Here, the content of the naphthylmethyl groups or
anthrylmethyl groups in the aromatic nuclei of the phenol
resin structure, i.e., the total number of the
naphthylmethyl groups or anthrylmethyl groups relative to
the total number of 100 of the phenolic hydroxyl group-
containing aromatic skeletons (ph), is equal to the total
amount of a naphthylmethylating agent or anthrylmethylating

agent (a2) based on the number of aromatic nuclei in a



CH3t - Bu OHCH In these structures, when two or nore bonds
to other structural sites are positioned on a naphthal ene skel eton,
t hese bonds may be positioned on the sanme nucl eus or different
nucl ei . [ 0036] In the present invention, the structural formula
Ph2-1 is particularly preferred fromthe viewpoint of excellent
curability, and the structural fornyliﬁPQ2-4 is preferred fromthe
vi ewpoi nt of the npisture resistance d solder - 20 - resistance.
[ 0037]

phenol resin raw material used for producing the phenol

resin.

[0026]

As described above, the phenol resin (B) in the heat-
curable resin composition {(I) contains, in its resin
structure, a phenolic hydroxyl group-containing aromatic
skeleton (the structural sites is abbreviated as a "phencolic
hydroxyl group-containing aromatic skeleton (Phl)"
hereinafter) having a naphthylmethyl group or anthrylmethyl
group in an aromatic nucleus, and a phenolic hydroxyl group-
containing aromatic skeleton (the structural site is
abbreviated as a "phenolic hydroxyl group-containing
aromatic skeleton (Ph2)" hereinafter) not having a
naphthylmethyl group or anthrylmethyl group in an arcmatic
nucleus. In the resin structure, these structural sites are
linked to each other through an alkylidene group or arcmatic
hydrocarbon structure-containing methylene group
(hereinafter referred to as the "methylene bridging group
(Xy").

[0027]

Since the present invention has the above-described
characteristic chemical structure, it is possible to enhance
the aromatic content in the molecular structure and impart

excellent heat resistance and flame retardancy to a cured

product.



In addition, when each of the structures is positioned at a nol ecul ar
end, the structure is conposed of a nonoval ent aromatic hydrocarbon
group. In these structures, when two or nore bonds to ot her

structural sites are positioned on a naphthal ene skel eton, these
bonds may be positioned on the sanme nucleus or different nuclei.

[ 0038] Exanpl es of the aIkyIidgni group serving as the nethyl ene
bridging group (X) contained in ther éin structure of the phenol
resin (B) include a nethylene group, an ethylidene group, a

1- propyl i dene group, a 2,2- propylidene group, a dinethylene group, a
propane-[Qd28] 3- tetrayl group, a n-butane-1,1,4,4-tetrayl group, a
npentane-1,1,5,5-tetrayl group, and the |ike. Exanples of the
aromat i ¢ hydTdeamemnsltirdywrexydntgdmimg arstaiylierge agroows iiancl ude
groups represented by structural fornulae X1 to X8 bel ow. [0039]

[ Chem 4jkeletpon . (Phl)cHpgHztake pmrious structures. Specifically,

aromatic hydrocarbon groups represented by structural
formulae Phi-1 to Phl-13 below, which are formed from phenol,
naphthol, and a compound having an alkyl group as a
substituent on the aromatic nucleus of phenol or naphthol,
are preferred from the viewpoint of excellent heat

resistance and moisture-resistance reliability.

[0029]

Examples of the phenclic hydroxyl group-containing
aromatic skeleton (Phl) include those represented by
structural formulae Pl to P13 below.

{0030]

[Chem. 1]



OCH3 OH [0040] Anong these, the nethylene group and structures
represented by the structural formulae X, X2, and X5 are
particularly preferred fromthe viewoint of excellent flane
retardancy of a cured product of the phenol resin (B). [0041]

The phenol resin (B) used in the present invention has the resin
structure in which the phenolic hydroi | group-containing aronmatic
skel eton (Phi) and the phenolic hydro él group-contai ning aromatic
skel eton (Ph2) are bonded to the phenolic hydroxyl group- containing

aromatic skeleggn (Phi) or t phenol i ¢ hydroxyl group-contai
aromati c skel eflon (Ph2) thro ohhe met hylgne brldglng gr E

Thi s bondi n aPkatdny d cpmhznatl boﬁﬂiﬁg \—Ihe Ph1-4
nol ecul ar stigrture of the noI resin (B) nnbted of thesg™”

structural s i ncludes a r.ndon1copoly block copol yre

havi ng, as n-.u units, ral sites represen

parti al str aI fornula- and B2 bel o l¢42] [ Chem 71l- XBl

Ph2- XB2 wherein "Phl" is the phenollc hydr oxyl group-contai ni ng
aromatic skeleton (Phi), "Ph2" is the phenolic hydroxyl
group-contai ning aromati c skeleton (Ph2), and "X" is the nethyl ene
bridging group (X), a polynmer containi Bl present in a nnlecular
chain of a OH\ock havi ng B

havi ng, as h gol moar

peat unit, a
m ehi-n e,% gTquea str e )- Ph1-7
representﬁ by any one of structciJ|'12aI formul ae B3 to B3 03]

Q

L o 5
~ ~ L~ -

- l Ph1-8 oy () Ph1-9 — .l Ph1-10

{[ CH/z \ Clgz \

5 X

OH OH

—£D—  phi-1 Y L2 “’ —)— Ph1-13
dﬁ’J éﬁf) CHzlii'E;

In these structures, when two or more bonds to other
structural sites are positioned on a naphthalene skeleton,
these bonds may be positioned on the same nucleus or
different nuclei.

[0031]

In the present invention, the structural formula Phl-1



[Chem 6] -1:111-X- EPh2- XB3XB4 phl-k-Phl -X -B5XB6 1:1112- X-Ph2-. X-
B7-F: h2-X-13112. -X-B8 XX - 23 - to B8 and a termnal structure
represented by structural forrmula B9 or B10 belowin its resin
structure. [0044] [Chem 7] Phl-X--B9 Ph2 -X --B10 [ 0045] Si nce
t he present invention has the above-described characteristic chem cal
structure, it is possible to enhance ge_aronatic content in the

nol ecul ar structure and inpart excellent heat resistance and flane
retardancy to a cured product. In particular, the aromatic nucl eus
constituting the phenolic hydroxyl group-containing aromatic skel eton
(Phl) orhahenghenothéro hyshkeket orgrio ppaont @l e ngy groedd 7 0=d kisfat arhe
(Ph2) serving as the basic skeleton of the phenol resin (B) of the
present Vimmmminh ¢ referaddsi tonpod eskofl berphenytalyy bipy orheat

al kyl -substituted phenyl group because of the | arge effect of

i mprovi e St isAnge rad stakles g or sol ternee sind arkde Mhee Skt G-
nucl eus conposed of a phenyl group or alkyl-substituted phenol group
i npar t s Alotyhresdhenr b The kb ¢t dHRickN At dh ebridierisetl vl yrBKgFeited

skel eton disposed as a side chain exhibits |low viscosity. Therefore,

| ow t herhal t s pRinsi O &t § bl Flabiifesi orPeafprred from the

viewpoint of the significant effect of improving heat
resistance of moisture resistance and solder resistance. 1In
addition, when the phenolic hydroxyl group-containing
aromatic skeleton (Phl) is positioned at a molecular end,
skeletons represented by structural formulae Phl-14 to Phl-
22 described below can be used.

[0032]

[Chem. 2]



- 24 - Dbe exhibited, thereby significantly inproving noisture

resi stance and sol der resistance and inproving flame retardancy.

[ 0046] In addition, in the phenol resin (B), the naphthyl nethyl
group or the anthrylmethyl group present in the phenolic hydroxyl
group-contai ning aromati c skeleton (Phi) may have a multiple
structure represented by the follomﬁn97sgructural formula (1) or (2):

[ 0047] [Chem 8] [0048] [Chem 9
OH OH OH
ITI"L Ph1-14 ﬁ*"’CHS Ph1-15 S
/\/) - y_ = 1 = Ph1-16
CH, dﬂz cﬁ:’

t-Bu

cﬁg )_ PhT-17 o -)— Ph1-18 ng 03— Ph1-19

o &
OH OH
HoCr Ry Ot S
- H2C ) Ph1-21 | e Ph1-22

Ph1-20 LN >
/‘|) L/a Cl-l/\l)

[0033]

In these structures, when two or more bonds to other
structural sites are positioned on a naphthalene skeleton,

these bonds may be positioned on the same nucleus or

different nuclei.

In the present invention, the structural formula Phl-14

having a phenol skeleton is particularly preferred from the

viewpoint of low viscosity and excellent curability, heat



The structural formula (1) or (2) can take an average n value of 0 to

5, but in the present invention, a non-nultiple structure, i.e., n =
O, is preferred fromthe viewpoint of the expression of excellent
flame retardancy. - 25 - In particular, the naphthyl methyl group is

preferred in view of fluidity and flame retardancy. [0049]
Further, the phenol resin (B) of the g esent invention may contain an
al koxy group-containing aromati ¢ hydrocarbon group bonded to an
aromati ¢ nucl eus through the nmethyl ene bridging group (X). Exanples
of the al koxy group-containing aromatic hydrocarbon group include
group r epzebserdece byandend oét o noe st sttt adnd osoldare AbsiotadfdSe.
[0050] [Chem 10] - 26 - Al 2
Also, a phenol skeleton having a methyl group as represented
by the structural formulae Phl-15, Ph1-20, or Phl-22 is
preferred from the viewpoint of the significant effect of
improving heat resistance of moisture resistance and solder
resistance.
{00347
On the other hand, as the phenclic hydroxyl group-
containing aromatic skeleton {(Ph2Z2) not having the
naphthylmethyl group or anthrylmethyl group in the arcmatic
nuclei, specifically, aromatic hydrocarbon groups
represented by structural formulae Ph2-1 to Ph2-17 below,
which are formed from phenol, naphthol, and a compound
having an alkyl group as a substituent on the aromatic
nucleus of phenol or naphthol, are preferred from the
viewpoint of excellent heat resistance and moisture
resistance and solder resistance.

[0035]

[Chem. 3]



OCH3 [ 0051] In the present invention, when the phenol resin
(B) contains the al koxy group-containing aromati c hydrocarbon group
inits resin structure, the al koxy group-containing aromatic

hydr ocarbon group having a structure represented by - 27 - the
structural formula AS can exhibit excellent heat resistance and flane
retardancy of an epoxy resin cured prg?uct and can significantly
decrease the dielectric | oss tangent 0052] In addition, in
view of excellent fluidity during nolding and excellent noisture

resi stance agg sol der resisigpce, the phenol resin (B) prefqﬁ@bly has
a nmelt V|sq95‘ty at 150C in oﬁnge of 0.Ho. 50 dPa s par quly
in a rangefol36- 1Ph2-120 dPRg 3ot BBBDE, nea an ICJ—“ Ph2-4
Vi sconet er. k*Fﬁ'thher in viewof nore inproved h@t reS|staHbéJand
flame retardancy of a cured product, the phenol resin (B) preferably
has a hydroxyl equivalent in a range of 120 to 400 g/eq. In
partlcular Omith the hydroxyk”qu|vaIent in a pAange of 150 tEH250

g/ eq, heat si st ang,¢& cHgtardancyi 3ed pr odu and

bal ance Wcur agﬁ]‘?est y 1; 2LeomPhaia i on exlehﬂ Fent 53fh2-8
Furt her, |nCN|em10f nore i nproved flanme reta cy and noi st ée
reS|stance and sol der resistance of a cured pr ct, the rat

total nunber of the phenolic hydroxyl group- contalnlng aromatic
hydr ocar bon group (Phi) present is pref rably 10 to 200 relative to

the total DR( &t 4100 of the phengli dr oxyl 0 ot alni
aromatlc-€ bea—g r qrH2-4 Phi ) “ mmmykg@& Ph2-11
anthrylnethv
OH OH OH
Ph2-12 -( 9— Ph2-13 (“ -)- Ph2-14
{0 ¥ col
OH OH

OH | OH
_I:)‘L Ph2'15 ™ ~ OH _ ~ Ph2'17
\\) 7, 7 Ph2-16 7, )

In these structures, when two or more bonds to other
structural sites are positioned on a naphthalene skeleton,
these bonds may be positioned on the same nucleus or
different nuclei.

[0036]

In the present invention, the structural formula Ph2-1
is particularly preferred from the viewpoint of excellent
curability, and the structural formula Ph2-4 is preferred

from the viewpoint of the moisture resistance and solder



group in the aromati c nucl eus and the phenolic hydroxyl

gr oup- cont ai ni ng aromati c hydrocarbon group (Ph2) not having the
napht hyl met hyl group or anthryl methyl group in the aromatic nucl eus.
In particular, the ratio is preferably 15 to 120 in view of the high
effect of inproving curability, noldability, noisture resistance and
sol der resistance, and flane retardgngﬁ,_and isin arange of 20 to
100 because of the excellent inpregnation into an inorganic filler
such as silica in the prepared conmposition, the | ow coefficient of

t hermal expansi on of a cured product, high adhesion, and

signifi camtiytampe oved noi sture resistance and sol der resistance. In
particular, with the ratio of 20 to 80, the noisture resistance and
sol der re&?sthnce is nore inproved. [0054] The phenol resin (B)
can be industrially produced by a production nethod described in
detai | bel owIrf tion, whpgategad afhdhfetHomatorrgs ddudang tileaed
phenol resin (53 is, for exanple, the nethod (nethod 1) of reacting a
novol ac #lest Mo eFtae PRBht HYE et AT s gl ageppored of a
anthryl met hyl ati ng agent (a2), or the method (nmethod 2) of reacting a
phenol CHRFOUMEERPHRTINHNth &Y SR FORAT cHFPPind IxXOhase ptdaederrgs,
novol ac phenol resin and then reacting the novol ac phenol resin with
the napHUFSE HelhyP Bt THEE RS or0 dhiHFY | HRTHT ST he Htai%2) . - 29
- [0056] ... The novolac resipn used in the thod .1 has a resin

St Ut UTROTHETRTER Thes pHerion LA ST G ou pE Ot AT TD bRt | o
hydr ocar bon. .gr o (Ph2). is nded 1o the phenolic hydr l

gr oup- cﬁ?%%%ﬁg%r(gﬁa l?éc #y)rﬁ)r ocarbon g?%u%l%]%l]ﬁ%% hr}%%g%l't he
nethylenﬁj@gépging group (X), and which further contains the al koxy
group-contai ni ng aromati ¢ hydrocarbon group through the nethyl ene
bridging grog red BPaHd QAN RRNNYuIWQAGS &8 neA Cresol
novol ac resin, and a naphthol novolac resin are preferred i n view of
hi gh 1 eagdingtanan ks d | et hydratd 119 A0t LIY resin

ant hryl met hyl ati ng agé%fh€g§?&g%dﬁfﬁe excépﬁg%t n&?gfuriiresistance
reliabilddp@nded | aecietisasicyr&3id hesy estLadd Phenaly 1@8 Ngroup,
[ 0057] Exanpl es of the napht hyl net hyl ati ng agent or

ant hryl ned hedlagl e g et o) a Usesk-omy 1 idermetdoshd, iact ule

1- napht hyl met hyl chl ori de, 2-naphthyl nmethyl chloride, (9-

ant hryl nmetdppt)iddnerddegp 1 -ared hrostyingl dryd naphithal  nesodane-1,1, 3, 3-
napht hyl met hanol , 2- net hoxynet hyl napht hal ene, 2- napht hyl net hanol ,

9- ( et hose/imet sy | g outr ac emehu a9k, i h-alcsnenel hanole, Anong t hese,
1- napht hyl met hyl chl ori de, 2-naphthyl nethyl chloride, and

(9- ant hrsgmeanst), bh or i ioet el predwrr ethd nthe el o - t Heapwilists ofat
the reaction can be perfornmed w thout using a reaction catalyst, and
t he needthe pmafit RyPiecarhen vrsteprafeertaeinedeetionl ere

el imnated. [0058 Exanpl es of the phenol conmpound (Phi') which
can be UBERPE ARGt RIS | FRPIRREURADSY | iwet Pehof o dostunts
such as phenol, resorcinol, hydroquinone, and the |iKke;

monosubsit tti &f nol conpounds such as cresol, phenyl phenol,
ethylpheﬂﬂ%% n- propyl phenol , iso-propyl phenol, tert-butyl phenyl, and
the Iiket Tubsti t ut ed phenol conpounds such as xyl enol,

met hyl pr %ghqppl, met hyl but yl phenol , et hyl hexyl phenol

dipropylgﬁé 1,7 di butyl phenol, and the |ike; trisubstituted phenol
conpounds such as nmesytol, 2,3,5-trinethyl phenol, 2,3, 6-

tri met hyl phenol, and the |Iike; and phenol conpounds such as

1- napht hol , 2-naphthol, nethyl naphthol, and the I|ike.



[ 0059] Anong these, 1-naphthol, 2-naphthol, cresol, and phenol
are particularly preferred in view of the excellent flame retardancy
and noi sture resistance and sol der resistance of a cured product and
the excellent fluidity of the conposition. [0060] Exanpl es of
t he carbonyl conpound (X ), specifically a carbonyl group-containing
conpound (a3), include aliphatic algegxdgs such as fornal dehyde,
acet al dehyde, propi onal dehyde, and the~like; dial dehydes such as
glyoxal - 31 - and the like; aromatic al dehydes such as

benzal dehyde, 4- nethyl benzal dehyde, B,ﬁ-dinethylbenz dehyde, 4-

bi phenyl aidehyde, naphthjgaldehyde, andcthe |ike; and.geetone

conpoundsjsuch as benz none, fluore e, indanone, Jqnd the |ike.
[ 0061] @ Anang th or niRdehyde enzd(?dehyde, X4
bi phenyl ehyde, and hyl al dehyde ¥re preferred Mh ¢Hew of the

excel lent flame retardancy of a cured pFBeuct. [0062] CHs The
reaction of the phenol conpound (Phi') with the carbonyl conpound
(X') can_pe perforned ?g}heating 0.01 tq, 0.9 nol es of the carbonyl
conpound AX ) per nole-a—the phenol coghound (Phi") i Nthe presence

of a cat st. XBhe pol yasri zat iygn cat al :t used ks @‘a@

limted, W0t is prefer an acid cat t, for exa#plre,~an

i nor gani gz~\qci d such as ochloric aci & sulfuric acid, phosphoric
acid, orlg&Pe like, an or ¢ acid such9t net hanesul fonic acid,
p-tol uenesul fonic acid, oxalic acid, or the like, or a Lewws acid
such as boron trifluoride, anhydrous alum num chloride, zinc
chloridejomothe like. The anount of use thereof is preferably in a
range of 0.1%to 5% by mass relative to the total mass of the raw

mat eri al s chamged. thRA&3] theSzethylene group and structures
represented by the structural formulae X1, X2, and X5 are
particularly preferred from the viewpoint of excellent flame
retardancy of a cured product of the phencl resin (B).
[0041]

The phenol resin (B) used in the present invention has
the resin structure in which the phenolic hydroxyl group-
containing aromatic skeleton (Phl) and the phenolic hydroxyl
group-containing aromatic skeleton (Ph2) are bonded to the
phenolic hydroxyl group-containing aromatic skeleton (Phl)
or the phenolic hydroxyl group-containing aromatic skeleton
(Ph2) through the methylene bridging grcup (X). This
bonding can take any desired combination of bonding forms.
The molecular structure of the phenol resin (B) composed of
these structural sites includes a random copolymer or block

copolymer having, as repeat units, structural sites



If required, an organic solvent can be used during the reaction.
Exanpl es of the organic solvent which can be used include, but are
not limted to, nethyl cellosolve, ethyl cellosolve, toluene, xylene,
nmet hyl isobutyl ketone, and the |like. The anount of the organic
solvent used is generally 10 to 500% by mass and preferably 30 to
250% by mass relative to the total Hai? of the raw materials charged.
In addition, the reaction tenperature“fs generally 40C to 250C and
preferably in a range of 100C to 200C, and the reaction tine is
generally 1 to 20 hours. [0064] When the resultant pol yhydric
hydr oxy| r eyangmemtce dasy | @agel £bl o rung; vl abdimoxidaml and B2 duel ag
agent may be added to the conpound in order to suppress the coloring.
Exanpl es[®42he anti oxi dant include, but are not particularly linmted
to, hindered phenol conpounds such as 2, 6-di al kyl phenol derivati ves,
and t he [Ghem. dilal ent sul fur-based conpounds; and phosphite
conpounds—mefd-Xi=d Ng trigpl ent phosphorus atom Exanples of the
reduci ng agent include, but are not particularly limted to,
hypophosphor ous aci d, phosphorous acid, thiosulfuric acid, sulfurous
aci d, hyoTRR2TXrTe, and BAlts thereof, zinc, and the like. [0065]
After the reaction, neutralization or water washing is - 33 -

performed until PH val.ue of the reaction m xture becones, 3 to 7,
Dr et or abiBAAF b bt o Fish TRl STy o

per fornmed. accor di to a u et , For_.exanple.. when an acjd

cat al ystajfosrr?ausle%,sqgejbecalcscfr(l: aie)r’l alﬂéoﬂchlsast%eo r}?ﬁﬁ%]tﬁ gﬁcg%oxﬁ

pot assi QXQI i.de, i . i tri et hylene m ne,
ani | i ne,qﬂor thée)d&}%emcaﬁ %e]alﬁéggej?;@egleneui rEkl?zz)i ’ngérg%e?% . r&l%eg[}{]eg
neut ral Iigatd Ofn DU dLInGUER A5 PROSPNOSS £:fel e 4018 dd ey My be
previously a%de%, or t eI@p vaﬁg%yp%gg alg\]( usted to l3 t.od 7 wth
oxalic aoidst the d ik adielr Relth OUghod yi&r e basiLy Sides2 as
After the neutralization or water washing, the product can be
concent rateshdyr dirstd | |d Ngb Ofrlet hes WMEAE L news iBt egd dlts il y
contai ni ng the phenol conpound (Phll), the organic sol vent, and

bypr oductess iy deatdtgrainders oo ech PrLessdinespidasedng pwde) nghd hef
target polyhydric hydroxyl conpound. The unreacted raw materials
recover ext mart e Ir eficaed:1 den BRIdid B8, e mcrofiltration step is nore
preferably introduced into the treatnent operation after the

conpl eti[d04f] reacti on because inorganic salts and foreign matters
can be renoved by purification. [0066] Like in the nmethod 1, exanples
of the nEptamhyl@iet hyl ati ng agent or anthryl met hyl ati ng agent (a2)
used in the method 2 include 1-naphthyl nmethyl chloride, 2-

napht hyl 6 AN i (9-an yl met hyl j=pRheiXePhZ=X=- 34 B4
nethoxyﬁgﬁ% ¥ Rgghﬁzéﬁgﬁé, 1-n§%ﬁthylnetha , 2- hoxymet hyl

napht hal en®, 2-napht hyl net hanol, 9- (nethox t hyl ) “4ant hracene, and

9- ant hracehe net hanol. Anong these, 1-naphthyl nmethyl™ chl ori de,
2- napht hyl met hyl chloride, and (9-anthryl methyl) chloride are

preferred in —D A ¥ D b o VY
—Ph1~=X=Ph1=X=— B5 Phi=X=Ph1=X B6
X X X
I I |
—|l°h2-X"'Ph2"'X"' BY Ph2=X Ph2 X B8
X X X
I I I

a polymer having a repeat unit represented by any one of B3



view of the point that the reaction can be perfornmed w thout using a
reaction catalyst, and the need for a purification step after the
reaction is elimnated. [0067] The reaction of the novol ac
resin with the naphthyl net hyl ati ng agent or anthryl methyl ati ng agent
(a2) in the method 1 or the reaction of the novolac resin with the
napht hyl met hyl ati ng agent or anthryLng hyl ating agent (a2) in the

nmet hod 2 can be perfornmed at a tenperature condition of 50C to 200C,
preferably under the reaction condition of 70C to 180C. The reaction
catalyst is preferably an acid catal yst, for exanple, an inorganic
aci d sucto a8 hamit oz ht erminali sit riset @ te | ve@cs sEnfphdSphos it cu@cicg 1 or
the like, an organic acid such as nethanesul fonic acid,

p-t ol uenesuiibni B agt Bl Oxatlew ath di torretin | $tkeyclorrea. Lewi s acid
such as boron trifluoride, anhydrous al um num chloride, zinc
chloridel0@4the |ike. The anount of use thereof is preferably in a
range of 0.1 to 5% by nass relative to the total nass of the raw

mat er i al EChdf@r ged. [0068] - 35 - When 1- napht hyl net hyl

chl ori de 2-naphthylﬁ§§hyl chloride, or (9-anthrylnmethyl) chloride is
used as Ph@=Xapht hyl i hyl ating agent or anthryl methyl ating agent
(a2), the reaction can be effected using self-generated hydrogen
hal i de wi thout the need to use the reaction catalyst. Wen hydrogen
hal i de i BhgoXgeneratBd0in the early stage of reaction, about 0.1%to
5% by mass of water or hydrochloric acid can be added to pronote the
sel f generation of hydrogen halide. In this case, the hydrogen

chl oride gas generated is preferably rapidly discharged to the

out si de @j 4?@ reaction system followed by neutralization and
ditoxification with alkali water or the like. [0069] The
reaction tima;is ggnes ?ﬂe%e%‘%o%hvje 4 o%ﬁ %%Uﬁ:%es%b‘o%t—{f%%ribeg

napht hyl met hyl ati ng agent or ant rﬁﬁnet yl'ating agent (a used as a
raw mat e fladtsed 05t s c Wikt dea Napht it JBE Dyl £ ¢l PddlSipie to enhance
2- napht hyl nmet hyl chloride, or (9- anthrylnethyl) chloride is used,
the reaciHOMmAdnis ddyerdnime o el nesh dntid r hdreaanr<c el i dgoaas 1S
substantially not generated, the chloride conpound as a raw nateri al

i s | ost,eagul lerchl iogd ther cnind dticd et t Ngnd remmdhea i@y thterdated a2)
is not detected. In the actual reaction, the reaction tenperature can
be pref graddycticontinolplhed ismlbhgt thydsaegertdkl aukdeugasons thiapitdny
generated and can be stably discharged to the outside of the system
Dependi nthemphdreolic 3Gydrogactdorup-enperainirey drhenateiactslonldiore at
such a reaction tenperature is about 1 hour to 25 hours. [0070]

I n addi t(RnL) tdre el wfendlel ¢ dacdf oy i sy praf-ereriol ad rdetae ra et oy
confirm ng the disappearance of xylyrene dichloride used as a raw

mat er i alskﬂ%%-@?ﬁorm@q i ®fui he Hraotiet cytspicorofydshe phenol

chr omat ogr aphy and confirm ng no change in nol ecul ar wei ght

di stri bSO i Blget getaeats in e hviit ofitaphy RIEEgTakiig ¢nRIssyef n
refractive index. [0071] Further, the end of reaction is

pr ef er alfl YPIHELEY AR F Bhid F g 1 oA iR WhtdToumPshATse

viscosity_ of the final_resultant resin no | onger changes.
3% the large ef{ect ogilmprov1ng molisture resf%tance and

solder resistance. The aromatic nucleus composed of a
phenyl group or alkyl-substituted phenol group imparts
toughness to a cured product and a condensed polycyclic
skeleton disposed as a side chain exhibits low viscosity.

Therefore, low thermal expansion and improved adhesion can



The nelt viscosity nay be neasured by a method using an | Cl
cone-plate visconeter, a B-type visconeter, or an E-type visconeter.
Since the reaction product produced as descri bed above contains a

| arge anount of unreacted phenol conpound renaining, the unreacted
phenol can be renoved by a desired nethod such as distillation, water
washing, or the like to produce the pgﬁnol resin (B) of the present

i nvention. [0072] I f required, organi ¢ sol vent can be used
during the reaction. Exanples of the organic solvent which can be
used include, but are not Iimted to, nmethyl cellosolve, ethyl - 37 -

cel | osollwe,esthol hueres], xthhershy netdryl £ 1 cobul yl iketone g andti $therd i ke.
However, when 1-naphthyl nethyl chloride, 2- naphthyl nethyl chloride,
or (9-amdsidtmtdy|inethdordae fosiserhce tand jmeferineg Mictme 0 use an
al cohol organi c solvent because of the occurrence of side reaction.
The anourftafdamey or gani ¢ sol vent used is generally 10 to 500% by
mass andHQ{eferably 30 to 250% by nmass relative to the total mass of
the raw i al s charged. [0073] When the resultant pol yhydric
hydr oxyl conpound has | arge col oring, .an anti oxi dant or a reducing
agent may be {&ddSF i3 he o pGumEEN? lorrderint d Bdupphéss the col ori ng.
Exanpl es of the antioxidant inclyde, byt are not particularly limted
to, hi ndédt fth%ﬁrﬁ;%%ms% a%“tlil‘,%‘ijd?%ﬁ*k% Bt REGTSM i Ves,
and the like; divalent sulfur-based conpounds: and phosphite
compoundd S G RS TR i B G 0T (e T n T 5
reduci ng nt_include, hut..are not particularly limt t
hy pophos&)%glr ol yag}%‘fe pah or%up]htolrpglues Satc]‘f)l%f,:mﬁef ost eusrelrgzgeaqgiqu\{ sthuef furous
acid, hy f and t f,nzinc,,Aand the |ike. [0074]
After th%’(l?lz(%%:ﬂ%ﬁs,t neu Lf%{ll ifacgl%}@%fagr“v\)/at% @shi ng is perforned
unti | thgnpnyaJue of the reaction m xture beconmes 3 to 7, preferably
4 to 7. The neutralization or water - 38 - washing nay be perforned
accordi ng:Hdn a ¢isual nethod. For exanpl e, when an acid catalyst is
used, a basic material such as sodi um hydroxi de, potassium hydroxide,
In the neutralization, a buffer

sodi um cagbonat £ {!S,ethylenetetranine, aniline, or the like
c . _
Iike(ﬁby be previously added, or the

agent
y fusted t & to 7 with oxalic acid or the like after
bei ng brodght into tHe basic side. [0075]

[0048]

[Chem. 9]

f% A[:Hz

The structural formula (1) or (2Z) can take an average n
value of 0 to 5, but in the present invention, a non-
multiple structure, i.e., n = 0, is preferred from the

viewpoint of the expression of excellent flame retardancy.



In the heat-curable resin conposition (1) of the present invention,

t he phenol resin (B) nmay be used al one but nmay be conbined with
another curing agent (b) for an epoxy resin wthin a range where the
effect of the present invention is not inpaired. Specifically, the
curing agent (b) for an epoxy resin can be used in a range where the
anount of the phenol resin (B) is 30%pby mass or nore and preferably
40% by mass or nore relative to the total mass of the curing agent.

[ 0076] Exanpl es of the other curing agent (b) for an epoxy
resin which can be conbined with the phenol resin (B) of the present
i nvent i oIn i pect tuiden et N et oo nqpaneinid sy 1 reant Idel oqprp.otl nidks , p raeef e rasdhyid | dieew
conpounds, phenol conpounds ot her than the phenol resin (B), and

am not ri@zi Neaiadi ¥ i awd pherot resamancy 39 - (pol yhydric pheno
conpounds each contai ni ng phenol nuclei connected to each other with
mel ami nel@4Bkenzoquanani ne). [0077] Exanpl es of the pheno
conpounds ot her than the phenol resin (B) include novolac resins such
as phenol noVsIraderesiths, rbeesdl 1eval dB)r efi Ade pireseinthdvoleadion
resins, cresol novol ac resins, naphthol novol ac resins,
naphthoﬂmﬁhémﬂt%kpd%hd§H§€@’mﬁﬁﬂﬁﬂqu%ﬁ%EQHQHﬁﬁﬂmﬁﬂlQﬁQ%Qﬂocarbon
co- condensed novolac resins, and the Ilke nethoxy aromati c

st r uct urEE QRIS %e?fblaF%Wsc S pHETitd f}é&i%ﬂ%#ﬁgﬁ%
resin structure in whic a thox h%h%b$ kel eton i s bonded
an ar ongt i ORI 7Ot éaEP Fe& 0P OFESQEQHPHF8&§E1£1HQ

nmet hyl ene r oup nol reS|ns havi .n esin structure in

ot hoxy SRR Rk dRefo 4 S it TR ey i of
these noyo| re and the liKke;

ar al kyl - ype ﬁhéio %%égéégﬂth: '%88§§%£qﬁ%no aral kyl resins

represeng @W the foll ow ng structural formula: [0079] [Chem 11] -
40 -

{Chem. 10]



(wherein nis a repeat unit and is an integer of 0 or nore), naphthol
aral kyl resins represented by the follow ng structural fornula:

[ 0080] [Chem 12] (wherein nis a repeat unit and is an integer
of 0 or nore), biphenyl-nodified phenol resins represented by the
followi ng structural formula: [0081] [Chem 13] - 41 - (wherein nis

a repeat unit and is an integer of 0 ?F nore), biphenyl-nodified
napht hol resins represented by the foflFowi ng structural formula:
[0082] [Chem 14]

OCH; OCH;

A Z\\KOCH3 H3CO_;~/.\\'__. A3
<o A <o A2 S AocH,
I)o\?,"c':h Qs H.CO_~_OCH
3 3LV 3
g Al Y N A5 3 A6
CHs
SCH; OCH,

._._@_ A7 (OCH%_ A8 —(—)— A9

_G{c,,COOCH3 A0 (H+ Al
_( H3-)_ » (och— A13

OCHj

[0051]

In the present invention, when the phenol resin (B)
contains the alkoxy group-containing aromatic hydrocarbon
group in its resin structure, the alkoxy group-containing

aromatic hydrocarbon group having a structure represented by



(wherein nis a repeat unit and is an integer of 0 or nore), and the
| i ke; phenol resins having a resin structure in which a

nmet hoxynapht hal ene skeleton is bonded to an aromati c nucl eus of any
one of these aral kyl -type resins through a nethyl ene group, and
phenol resins having a resin structure in which a nmethoxyphenyl
skeleton is bonded to an aromatic nucleus of any one of these
aral kyl -type phenol resins through a t Ayl ene group; novol ac resins
each containing aromati ¢ nethyl ene as a bridgi ng group and
represented by the follow ng structural fornula: [0083] [Chem 15] -
42 - (witer estruc e eshaitsuba ph@nydn gechiibor exdd pheny | heggtoup, and n
is arepeat unit and is an integer of 0O or nore); trinmethyl ol nethane
resins; itesispheny|aldthbares restasdarmry df el gpent ad:ehe @hendl
addi ti on-type phenol resins. [0084] Anong these, a resin

cont ai nipgP ey andnean csskel stonst 1 n decreadeciiardstrecture isss
preferred fromthe viewpoint of the flanme retardant effect. Exanples
t her eof W#i%dntare preferred in view of excellent flanme retardancy

i ncl ude phenol novol ac resins, cresol novolac resins, novol ac resins
having akUtRtl c nethylene as a bridging group, phenol aralkyl resins,
napht hol aralkyl resi.ns, naphthol novol ac resins, naphthol - phenol

co- condensed ﬁb@ﬁ*ﬁéﬂnébl VﬁéﬂhﬁﬁbPXGﬁééﬁptc l@dﬁdéﬁégdrndﬁblac
d f h I f ht hol
Fesi ne, AN AT MR ot e Con T g e oI et
t I 0085 Next , I f
fhe epoxrs ”%w% rﬁg%éh%#%s'eﬁf Bl S YR dRD AT Bn (1) of
the presg Gllnéqéghvt ntétor“o (ﬁ g |nlc ude on@qpt hacoenoﬁb tc}/Epe_ e’poxy resins

such as gl yci dyl oxy nap Halene:

1, 1-bi s( Y. th

(2, 7-di d%y%ﬁ%y o%%:/l thyI ; 554(1 (H rEgI%/?lbedy%oéx%/Pnaap%t%yI]) net%ane and
t he Ilk%egm@mtﬁwyxdle%l AS Imreh%@ol i GRAYY rfeﬁ'oQ%

bi sphenol F epoxy resins, and the e; novol ac époxy resins such as

phenol  nguotAfe ERE¥M r&%l@%aﬁ@%}ld NOVMAC SRPYA TS IS, 2 RipRhenol A
novol ac epoxy resins, naphthol novol ac epoxy resins,” bi phenyl novol ac

epoxy r q&dm;cmapiﬁ&qihmnyﬂegm condesised: MOVIG) afa LROXW d-SYIS,
napht hol - cresol co-condensed novol ac epoxy resins, and the |ike;
epoxy resjuisrdiafimngira o esingstsficiar ecd mothigled neEhhexyraphihal ene
skel eton is bonded to an aromatic nucl eus of any one of these novol ac
epoxy r eslitis ttHe dughraxyietdod ierel grioum andreepmxyo i esihstha@a g g,
resin structure in which a nethoxyphenyl skeleton is bonded to an

ar omat i hanic|msl Bfarary conk Dfand ess i@ adpexycumrs] srdduaugnd
nmet hyl ene group; phenol aral kyl epoxy resins represented by the

fol | owi g lstnyagctwirtdl dusrahillal tBr ;o 0g8s|composition become excellent.

[0053]

Further, in view of more improved flame retardancy and
moisture resistance and solder resistance of a cured product,
the ratio of total number of the phenolic hydroxyl group-
containing aromatic hydrocarbon group (Phl) present is
preferably 10 to 200 relative to the total number of 100 of
the phenolic hydroxyl group-containing aromatic hydrocarbon

group (Phl} having the naphthylmethyl group or anthrylmethyl



[ Chem 16] - 44 - (wherein nis a repeat unit and is an integer of
0 or nore), naphthol aral kyl epoxy resins represented by the
follow ng structural forrmula B2: [0087] [Chem 17] 0 CH21Kt. 11 CH
(wherein nis a repeat unit and is an integer of 0 or nore), biphenyl
epoxy resins represented by the follow ng structural fornula B3:

- 28 -

group in the aromatic nucleus and the phenoclic hydroxyl
group-containing aromatic hydrocarbon group (Ph2) not having
the naphthylmethyl group or anthrylmethyl group in the
aromatic nucleus. In particular, the ratio is preferably 15
to 120 in view of the high effect of improving curability,
moldability, meoisture resistance and solder resistance, and
flame retardancy, and is in a range of 20 to 100 because of
the excellent impregnation into an inorganic filler such as
silica in the prepared composition, the low coefficient of
thermal expansion of a cured product, high adhesion, and
significantly improved moisture resistance and solder
resistance. In particular, with the ratioc of 20 to 80, the
moisture resistance and solder resistance is more improved.
[0054]

The phencl resin (B) can be industrially produced by a
production method described in detail below.
[0055]

That is, the method for producing the phencl resin (B)
is, for example, the method {(method 1) of reacting a novolac
resin with the naphthylmethylating agent or
anthrylmethylating agent (a2), or the method (method 2) of
reacting a phenol compound (Phl') with a carbonyl compound
(X') to produce a novolac phenol resin and then reacting the
novolac phenol resin with the naphthylmethylating agent or

anthrylmethylating agent (a2).



[ 0088] [Chem 18] (wherein nis a repeat unit and is an integer
of 0 or nore), novol ac epoxy resins each having aromati c net hyl ene as
a bridging group and represented by the follow ng structural formula
B4: - 45 - [0089] [Chem 19] (wherein X represents a phenyl
group or a biphenyl group, and n is a repeat unit and is an integer
of 0 or nore); epoxy resins having a 5§sLn structure in which a

nmet hoxynapht hal ene skel eton is bonded“to an aromati c nucl eus of any
one of these the aral kyl -type phenol resins through a nethyl ene
group, and epoxy resins having a resin structure in which a

met hoxyph&inyé] skel eton is bonded to an aromati c nucl eus of any one of
t hese aral kyl -type phenol resins through a nethyl ene group;

t et r anet hyl biTtee mdvodpax yreasdsi nsed rinphédry nethioaind dpexy resims;

t et raphenyl et hane epoxy resins; and di cycl opent adi ene phenol addition
react i orstyypet wpdxin rdsicls. thirhagrerpbiy redi owy ey deo-usett @l oireg or
as a mxture of two or nore. Anong these, naphthal ene-type epoxy
resins, FEgmihet Molterrkpogrewsi B2 phehdtorged K Hpoahans) i,

bi phenyl epoxy resins, al koxy group-containing noval ac epoxy resins,
and al k R0 - TR FRHG HH e & y3 T b riesdrRcakoprafain edfid

vi ew of excellent flanme retardancy and dielectric characteristics. -
46 - through the methylene bridging grcup (X), and which further

contains the alkoxy group-containing aromatic hydrocarbon
group through the methylene bridging group (X}. In
particular, a phenol noveolac resin, a cresol novolac resin,
and a naphthol novolac resin are preferred in view of high
reactivity with the naphthylmethylating agent or
anthrylmethylating agent (aZ) and the excellent moisture-
resistance reliability and flame retardancy of the resultant
phenol resin.

[0057]

Examples of the naphthylmethylating agent or
anthrylmethylating agent (a2) used in the method 1 include
l-naphthylmethyl chloride, 2-naphthylmethyl chloride, (9-
anthrylmethyl}) chloride, l-methoxymethylnaphthalene, 1-
naphthylmethanol, 2Z-methoxymethylnaphthalene, 2-
naphthylmethanol, 9-(methoxymethyl)anthracene, and 9-
anthracenemethanol. Among these, l-naphthylmethyl chloride,
2-naphthylmethyl chloride, and (9-anthrylmethyl) chloride
are preferred in view of the point that the reaction can be

performed without using a reaction catalyst, and the need



[ 0090] The m xi ng ambunts of the epoxy resin (A) and the phenol
resin (B) in the heat-curable resin conposition (1) of the present
invention are preferably such that the anount of active group in the
curing agent containing the phenol resin (B) is 0.7 to 1.5

equi valents relative to a total of 1 equivalent of epoxy groups in

t he epoxy resin (A fromthe viewpoi ng of good physical properties of
the resultant cured product. [0091] 0 = Iy requi red, the
heat - curabl e resin conposition (1) of the present invention may be
properly conbined with a curing accelerator. As the curing

accel er af@r , a vau t DEBcLOMGO Uidsp Cafic die tise d; e sdtdi Jror i exalfh hateed.
phosphor us-base conpound, a tertiary am ne, imdazole, an organic
acid netgd0s&lt, a Lewis acid, an am ne conplex salt, and the |like ca
be used. In particular, in application to a sem conductor

encapsul at i ngraatdreisalof fuhemptheaoli egpaiowndof( el IWdyitchc wreabidel ty,
heat resistance, electric characteristics, noisture-resistance

reliabi ligsd it cthe s | phivsphidre UnsPreiieutrt agharnel compounds
phosphor us- based conpound, and 1, 8- diazabicyclo-[5.4.0]-undecene
(DBU) i sSyflefay riRRPRRL 4+ Hee3RFEIA Yy, dhHeayio0g. At Hdie hiddtecur abl e
resin conposition (Il) of the - 47 - present invention include, as

essent i d?o%?fﬂb%%h%%ﬁe%rﬁréeﬂ&%/ TR IS )SHTH 3 IR agent (B'),
basi o SITELEIEPLE 1 Rtk A 5 KN 151 of o ST Sy oL
- taini t] kel et . nded th
Phr ough S SR R Gl U or i eV GHE S DU TRA i omat | o
hydr ocar ban S&r{c&’sCté"e}h nd )ﬁiln r{aglorr%gtchrh

CRICE ht hyt methyT Y

ucl eus, gof the epoxy resin
structure has a nap gr'oup: ot fnroéarﬁslr?ﬁ]ﬁnrr% ‘hyl gr oup.

[ 0093] i r-esj )4 n t-C ble resin
conposi tweotnh%wgﬂﬁ%%cg@% le}g%éélﬁ J%ﬁ%onl t h&rlgﬁlaiﬁ?i&{}c |C(?)1rf of the
phenol resi Spnsti i t eat = . | L EPosidi

with epiﬁl{}:r%%}brl n,’ aénrélﬁt us ]E%{s&t a;erlgéﬁsk?%lgck%% gjn comr?n&%%ghtlfﬁdeg
phenol rg&sim Aﬁ)mesgf@dle,f o &3, SIOMBld i Jiprdndne J esigL can be
enhanced, and fluidity of the resin can be maintained. In addition,
it is possindh¢ipidasoyeraf fud tyi for A Iighdgani Codddurlls sHtdh ass
silica in application to a sem conductor encapsul ating materi al,

decr easel trhwprenef I, ci-entprafhdhe msd hyexpadsitl ofarad cieed ife0duct , and
significantly inprove noisture-resistance reliability and flane
retardanoy59In the present invention, the epoxy resin (A")
corresponds to a novel epoxy resin of the present invention. [0094]

- 48 - Arco tthe sei, edpoiaphthb lnpRenemptbvéd balkaonde betwpérnol
noi sture-resi stance reliability and flame retardancy, the ratio of
total nuEierraft tdel aaightong fettsd gy otimy o antehraptasstianit dileups
present is preferably 10 to 200 relative to the total nunber of 100
of the dIStcARBANG GUP d®Tit s i h - g e sl e dpsigtmnce of
particular, the ratio is preferably 15 to 120 fromthe vi ewpoi nt of
t he hi gierc@IFR@EIFLGTIhERTSYitHhe Qiredilsnty, L i Hdbi 19% Ehe

noi sture-resistance reliability, and flane retardancy. Further, the
ratio i CPRITYEAY in a range of 20 to 100 fromthe vi ewpoint of the
excel | enlfoa@fggi nity for filler such as silica, excellent inpregnation
intoag ]substrate, and the significant effect of the present

I nvention, a%%a%%ﬁ%gc%%a%h% %B%L%E%Rl%oh%o%nhaq%e)?fs%%c%%i%glly a
carbonyl group-containing compound {(a3), include aliphatic

aldehydes such as formaldehyde, acetaldehvyde,

propicnaldehyde, and the like; dialdehydes such as glyoxal



[ 0095] Here, the total nunber of the naphthyl nethyl groups or
ant hryl met hyl groups relative to the total nunber of 100 of the

gl yci dyl oxy group-containing aromatic skeletons (ep) is equal to the
total anmount of a naphthyl net hylati ng agent or anthryl net hyl ating
agent (a2) relative to the nunber of aromatic nuclei in a phenol
resin raw materi al used for producing.the phenol resin serving as a
precursor of the epoxy resin. [0096] descri bed above, the epoxy
resin (A') in the heat- - 49 - curable resin conposition (I1)
contains, inits resin structure, a glycidyl oxy group-containing
aromat i carskettet oni K¢ heasdniatct aurall deti e s Sswedibrey itsdreth ladetayde, 4-
"gl yci dyl oxy group-containing aromati c skel eton (Epl)" hereinafter)

havi ng anetaphtisd reetduit yde oud, brdiam tryllretdgldaroim, i9-an aromatic
nucl eus, and a gl ycidyl oxy group-containing aromatic skeleton (the
st r uct urkalphstriel 4 Sdedinbtey | e sl al dedi was dya rok ye g ouipcesiordrad riigtgpne
aromati c skeleton (Ep2)" hereinafter) not having a napht hyl net hyl
group orcemrdindserush aF gnigrhanrondl i rRdes . 1ngandiee r eégith
structure, these structural sites are linked to each other through

t he met Hfl®ne. %% dgi ng group (X). [0097] Exanpl es of the
glycidylo(ﬁzv)(S roup-containing aromati c skeleton (Epl) include those
represen& :%& structural fornulae Epl-1 to Epl-13 bel ow. [0098]

2 - -
[ Chem 20] Aﬁg%g these, formaldehyde, benzaldehyde, 4-

biphenylaldehyde, and naphthylaldehyde are preferred in view
of the excellent flame retardancy of a cured product.
[0062]

The reaction of the phenol compound (Phl') with the
carbonyl compound (X') can be performed by heating 0.01 to
0.9 moles of the carbonyl compound (X') per mole of the
phenol compound (Phl') in the presence of a catalyst. The
polymerization catalyst used is not particularly limited,
but is preferably an acid catalyst, for example, an
inorganic acid such as hydrochloric acid, sulfuric acid,
phosphoric acid, or the like, an organic acid such as
methanesulfonic acid, p-toluenesulfonic acid, oxalic acid,
or the like, or a Lewis acid such as boron trifluoride,
anhydrous aluminum chloride, zinc chloride, or the like.
The amount of use thereof is preferably in a range of 0.1%
to 5% by mass relative to the total mass of the raw
materials charged.

[0063]



O 1G 0iG0 C4:leaG. aviNH3C.,11,4: NrCH3 Epl- 2Epl- 3Epl-4 YsSYO%Ys
CH2Or CH2 In these fornulae, "G" represents a gl ycidyl oxy
group, and when two or nore bonds to other structural sites are
positi oned on a napht hal ene skel eton, these bonds may be positioned
on the same nucleus or different nuclei. [0099] In the present

i nvention, the structural fornula Eglé} _

If required, an organic solvent can be used during the
reaction. Examples of the organic solvent which can be used
include, but are not limited to, methyl cellosolve, ethyl
cellosolve, toluene, xylene, methyl isobutyl ketcne, and the
like. The amount of the organic solvent used is generally
10 to 500% by mass and preferably 30 to 250% by mass
relative to the total mass of the raw materials charged. 1In
addition, the reaction temperature is generally 40°C to
250°C and preferably in a range of 100°C to 200°C, and the
reaction time is generally 1 to 20 hours.

[0064]

When the resultant polyhydric hydroxyl compound has
large coloring, an antioxidant or a reducing agent may be
added to the compound in order to suppress the coloring.
Examples of the antioxidant include, but are not
particularly limited to, hindered phenol compounds such as
2,6-dialkylphenol derivatives, and the like; divalent
sulfur-based compounds; and phosphite compounds containing
trivalent phosphorus atom. Examples ¢f the reducing agent
include, but are not particularly limited to,
hypophosphorous acid, phosphorous acid, thiosulfuric acid,
sulfurous acid, hydrosulfite, and salts thereof, zinc, and
the like.

[0065]

After the reaction, neutralization or water washing is



- 51 -

is particularly preferred fromthe viewoint of |ow viscosity

and excellent curability, heat resistance, and noisture resistance
and sol der resistance. Al so, a skeleton having nethyl groups as
represented by the structural fornula Epl-4 is preferred fromthe

vi ewpoi nt of the significant effect of inproving heat resistance and
noi sture resistance and sol der resi§t§§cg. [0100] [Chem 21] - 52 -

O 0

performed until the pH value of the reaction mixture becomes
3 to 7, preferably 4 to 7. The neutralization or water
washing may be performed according to a usual method. For
example, when an acid catalyst is used, a basic material
such as sodium hydroxide, potassium hydroxide, sodium
carbonate, ammonia, triethylenetetramine, aniline, or the
like can be used as a neutralizing agent. 1In the
neutralization, a buffer such as phosphoric acid or the like
may be previously added, cor the pH value may be adjusted to
3 to 7 with oxalic acid or the like after being brought into
the basic side. After the neutralization or water washing,
the product can be concentrated by distilling off the
unreacted raw materials mainly containing the phenol
compound (Phl'), the organic solvent, and byproducts by
heating under reduced pressure, thereby producing the target
polyhydric hydroxyl compound. The unreacted raw materials
recovered can be reused. In addition, a microfiltration
step is more preferably introduced into the treatment
operation after the completion of reaction because inorganic
salts and foreign matters can be removed by purification.
[0066]

Like in the method 1, examples of the
naphthylmethylating agent or anthrylmethylating agent (az2)
used in the method 2 include l-naphthylmethyl chloride, 2-

naphthylmethyl chloride, (9-anthrylmethyl) chloride, 1-



O 0 Epl-22 CH2CH3 In these formulae, "G" represents a

gl yci dyl oxy group, and when two or nore bonds to other structural
sites are positioned on a naphthal ene skel eton, these bonds may be
positioned on the sane nucleus or different nuclei. [0101] In
the present invention, the structural formula Epl-14 is particularly
preferred fromthe viewoint of low - 53 - viscosity and excel |l ent
curability, heat resistance, and moi stre resistance and sol der

resi stance. Al so, a phenol skel eton having nmethyl groups as
represented by the structural formnulae Epl-15, Epl-20, or Epl-22 is
pr ef er r enk fh@yidicn wi evgsh tialodnd hel stgphith candttedrieict ©f | nprovi ng
heat resistance and noi sture resistance and sol der resistance. [0102]
On the atdihodranehwk tdehtglalordyl dkynarloLpy ontleane Ing & omat i ¢

skel eton (Ep2) not having the naphthyl methyl group or anthryl nethyl
group i n(ndsheronsthcl nuol idusscapeci dna 1antrararmia ondiidiroriar bon
groups represented by structural fornulae Ep2-1 to Ep2-17 bel ow,
whi ch arfandnog ridee $¢ o phaetolhy JmegiHthbo | h gl de ¢ chrprptdshand tigy lan
al kyl group as a substi{yent on the aromatic nucl eus ofzyhenol or
napht holchloride, and (9-anthrylmethyl) chloride are preferred in
view of the point that the reaction can be performed without
using a reaction catalyst, and the need for a purification
step aftér the reaction is eliminated.
[0067]

The reaction of the novolac resin with the
naphthylmethylating agent or anthrylmethylating agent (a2)
in the method 1 or the reaction of the noveolac resin with
the naphthylmethylating agent or anthrylmethylating agent
(a2) in the method 2 can be performed at a temperature
condition of 50°C to 200°C, preferably under the reaction
condition of 70°C to 180°C. The reaction catalyst is
preferably an acid catalyst, for example, an inorganic acid
such as hydrochloric acid, sulfuric acid, phosphoric acid,
or the like, an organic acid such as methanesulfonic acid,
p-toluenesulfonic acid, oxalic acid, or the like, or a Lewis
acid such as boron trifluoride, anhydrous aluminum chloride,
zinc chleoride, or the like. The amount of use thereof is
preferably in a range of 0.1 to 5% by mass relative to the

total mass of the raw materials charged.

[0068]



are preferred fromthe vi ewpoint of excellent heat resistance and
noi sture resi stance and sol der resistance. [0103] [Chem 22] - 54 -
G ol H3C lekirCH3 %p2-6 7r 0 H3C, | 4eCH3

- 35 -

When l-naphthylmethyl chloride, 2-naphthylmethyl
chloride, or (9-anthrylmethyl) chloride is used as the
naphthylmethylating agent or anthrylmethylating agent (aZz},
the reaction can be effected using self-generated hydrogen
halide without the need to use the reaction catalyst. When
hydrogen halide is not generated in the early stage of
reaction, about 0.1% to 5% by mass of water or hydrochloric
acid can be added to promote the self generation of hydrogen
halide. 1In this case, the hydrogen chloride gas generated
is preferably rapidly discharged to the outside of the
reaction system, followed by neutralization and
ditoxification with alkali water or the like.

[0069]

The reaction time is generally about 1 to 50 hours so
that the naphthylmethylating agent or anthrylmethylating
agent (a2} used as a raw material is lost. When 1-
naphthylmethyl chloride, 2-naphthylmethyl! chloride, or {9-
anthrylmethyl) chloride is used, the reaction time is the
time required until hydrogen chloride gas is substantially
not generated, the chloride compound as a raw material is
lost, and a chlorine content resulting from the raw material
(a2) is not detected. In the actual reaction, the reaction
temperature can be preferably controlled so that hydrogen
chloride gas is rapidly generated and can be stably

discharged to the outside of the system. Depending on the



y-- Ep2-7 CH3 CH3 Ep2-4 G 0 Ep2-8 t-Bu In these formnul ae,
"G" represents a glycidyloxy group, and when two or nore bonds to

ot her

structural sites are positioned on a naphthal ene skel et on,

t hese bonds may be positioned on the sane nucl eus or different

nucl ei .

[ 0104] In the present invention, the structural formula

Ep2-1 is particularly preferred frog152e_viempoint of excell ent

reaction temperature, the reaction time at such a reaction
temperature is ebout 1 hour to 25 hours.
[0070]

In addition, the end of the reaction is preferably
determined by confirming the disappearance of xylyrene
dichloride used as a raw material in high-performance liquid
chromatography or gas chromatography and confirming no
change in molecular weight distribution in gel permeation
chromatography {(GPC), and no change in refractive index.
[0071]

Further, the end of reaction is preferably determined
by confirming the conditicns until the melt viscosity of the
final resultant resin no longer changes.

The melt viscosity may be measured by a method using an
ICT cone-plate viscometer, a B-type viscometer, or an E-type
viscometer.

Since the reaction product produced as described above
contains a large amount of unreacied phenol compound
remaining, the unreacted phenol can be removed by a desired
method such as distillation, water washing, cr the like to
produce the phencl resin (B) of the present invention.
[0072]

If required, an organic sclvent can be used during the
reaction. Examples of the organic solvent which can be used

include, but are not limited to, methyl cellosclve, ethyl



- 55 - curability, and the structural fornula Ep2-4 is preferred from
t he viewpoi nt of the noisture resistance and sol der resistance.

[ 0105] Li ke for the phenol resin in the heat-curable resin
conposition (1), exanples of the methylene bridging group (X)
contained in the resin structure of the epoxy resin (A ) include
structures represented by the above-dg cribed structural fornulae X1
to X5. [0106] The epoxy resin (A ? used in the present invention
has the resin structure in which the glycidyl oxy group-containing
aromatic skeleton (Epl) and the glycidyl oxy group-containing aromatic

skel et oncd Ep?yoBve, bomndeshd 0 ke y anehyth wiX yi gloupy L ondtadmd ngand the
aromati c skeleton (Epl) or the glycidyl oxy group-containing aromatic

skel et onl{lp2) Holwemegh twihenmat-mplpdrd vidimeddiviig cprloup deX) 2-Thi s bondi ng
can take any desired conbination of bonding fornms. The nol ecul ar

st r uct urrm@ftihenapoxly clekdn donpos etP of nitheskenasthrylct whalosidesi s

i ncl udes a random copol yner or bl ock copol yner having, as repeat
units, st¥amkt urlallsinesterrrdsent dde byspan ialcEiruugatid oroient El
and E2 below [0107] [Chem 23] - 56 - Epl-XE1 E2 wherein "Epl" is
the gl ydieBAWE Qf dpe COrt\El i1RTHEE bnetde BadtetVn ( Epr) amoppsr: ofs
the gl ycidyl oxy group-containing aromatic skeleton (Ep2), and "X" is
the met rerr Wiy T FoudIsd , 12 FOIsHerl eorft aﬁ%i%gofabxpr%%%ta%

oo bRl SR ks LB o Bt PR
site regcrheeserné"\(radmab e&ngllsonc%aogggé-ructural fornmul ae E3 to E8, or
[ 0108]

[0073]

When the resultant polyhydric hydroxyl compound has
large cecloring, an antioxidant or a reducing agent may be
added to the compound in order to suppress the coloring.
Examples of the antioxidant include, but are not
particularly limited to, hindered phenocl compounds such as
2,6-dialkylphenol derivatives, and the like; divalent
sulfur-based compounds; and phosphite compounds containing
trivalent phosphorus atom. Examples of the reducing agent
include, but are not particularly limited to,
hypophosphorous acid, phosphorous acid, thiosulfuric acid,
sulfurous acid, hydrosulfite, and salts thereof, zinc, and
the like.

[0074]
After the reaction, neutralization or water washing is

performed until the pH value of the reaction mixture becomes

3 to 7, preferably 4 to 7. The neutralization or water



[ Chem 24] a polynmer having a repeat unit represented by any one
of E3 to E8 and a term nal structure represented by structural
formula E9 or EIO belowin the resin structure. - 57 - [0109] [Chem
25] Epl- XE9 Ep2- XE1 0 [0110] Since the present invention has the
above-descri bed characteristic chemcal structure, it is possible to
enhance the aromatic content in the_ %egular structure and inpart
excel l ent heat resistance and flane retardancy to a cured product. In
particular, the aromatic nucleus constituting the glycidyl oxy

gr oup- cont ai ning aromati c skeleton (Epl) or the glycidyl oxy

gr oup- casiimqgnay dratper Skhatet arddpR)ngarovingiaslt wetasic For
skel eton of the epoxy resin (A') of the present invention is

pr ef er absemwimposeteofaa phishyda ttrlygt ors arsed kyd st inattedi phenyl
group because of the large effect of inproving noisture resistance
and sol deiclr esd stahican i aiohat iRe R aus fechisosiate ofsedigheny|
group or al kyl -substituted phenyl group inparts toughness to a cured
product @RI atehd ergedn ol Viesdd ey e orprdi ot dd sy Khain
exhibits | ow viscosity. Therefore, | ow thermal expansion and inproved
adhesi ont Ideh B i iYL RS theteHyr it GERMY | dpr &¥ng noi sture

resi stance and sol der resistance an inépr ving fl anme r.ec} ardarg: .-
58 - neutralization, a buffer such as phosphoric acid or t like

may be previously added, or the pH value may be adjusted to
3 to 7 with oxalic acid or the like after being brought into
the basic side.

[0075]

In the heat-curable resin composition (I) of the
present invention, the phenol resin (B} may be used alone
but may be combined with another curing agent (b) for an
epoxy resin within a range where the effect of the present
invention is not impaired. Specifically, the curing agent
(b) for an epoxy resin can be used in a range where the
amount of the phenol resin (B) is 30% by mass or more and
preferably 40% by mass or more relative to the total mass of
the curing agent.

[0076]

Examples of the other curing agent (b) for an epoxy
resin which can be combined with the phenol resin (B) of the
present invention include amine compounds, amide compounds,
acid anhydride compounds, phenol compounds other than the

phenol resin (B), and aminotriazine-modified phenol resins



[0111]

In addition, in the epoxy resin, the naphthyl nethyl

group or the anthrylmethyl group present in the glycidyl oxy
group-containing aromatic skeleton (Epl) may have a nultiple

structure represented by the follow ng structural

formula (1) or (2):

[0112] [Chem 26] [0113] [Chem 27] The structural forrmula (1)
or (2) can take an average n val ue of to 5, but in the present
i nvention, a non-nmultiple structure; ¥7e., n =0, is preferred from

t he vi ewpoi nt of the expression of excellent flane retardancy.

Furt her,

[ 0114]
the epoxy resin (A') of the present invention - 59 -
(polyhydric phenol compounds each containing phenol nuclei

connected to each other with melamine or benzoguanamine).
[0077]

Examples of the phenol compounds other than the phenol
resin (B) include novolac resins such as phenol novolac
resins, cresol novolac resins, phenol noveolac resins, cresol
novolac resins, naphthel novelac resins, naphthol-phenol co-
condensed novolac resins, naphthol-cresol co-condensed
novolac resins, and the like; methoxy arcmatic structure-
containing phenol resins such as phenol resins having a
resin structure in which a methoxynaphthalene skeleton is
bonded to an aromatic nucleus of any one of these novolac
resins through a methylene group, phenol resins having a
resin structure in which a methoxyphenyl skeleton is bonded
to an aromatic nucleus of any one of these novolac resins
through a methylene group, and the like; aralkyl-type phenol
resins, such as
[0078]
phencl aralkyl resins represented by the following
structural formula:

[0079]

[Chem. 11]



may contain, as a structural site, an al koxy group-containing
aromati ¢ hydrocarbon group bonded through the nethyl ene bridgi ng
group (X). Exanples of the al koxy group-containing aromatic
hydr ocar bon group include groups represented by the foll ow ng
structural fornulae Al to A13: [0115] [Chem 28] - 60 - OCH3
[0116] In the present invention, when the epoxy resin (A)
contai ns the al koxy group-containing aPomati c hydr ocarbon group in
its resin structure, the al koxy group-containing aromatic hydrocarbon
group having a structure represented by - 61 - the structural
formula A3can exhibit excell iy heat resistapce agd flane retardancy
of an epojy resin cured pr d;;&hand can signif\icanjly decrease the
o

di el ectr 0SS t nt. [Pl l/A—gddi tibn vi ew of nore
i nproved! hgprCH (=5 .-\Ié'mg"'lzrﬁ!'y

eured product, the
epoxy resht

n

(wherein n is a repeat unit and is an integer of 0 or more),
naphthol aralkyl resins represented by the following
structural formula:

[0080]

[Chem. 12]

HO\ OH HO
| }cm—@—cnz /:/ LCHZ—@—CHZ f\:
o RS

(wherein n is a repeat unit and is an integer of 0 or more),
biphenyl-modified phenol resins represented by the following
structural formula:

[0081]

[Chem. 13]

é_ W Wl é-cnz ) CHZ),&



(A") preferably has an epoxy equivalent in a range of 180 to 500
g/eq. Further, in view of excellent fluidity during nolding and
excel l ent noisture resistance and sol der resistance of a cured
product, the epoxy resin (A) preferably has a nelt viscosity at 150C
in arange of 0.1 to 50 dPa.s, particularly in a range of 0.1 to 10
dPas, neasured with an ICl visconeter._ In particular, the epoxy
eqU|vaIent is preferably in a range o§1200 to 400 g/ eq because of
excel l ent noisture resistance and sol der resistance and fl ane
retardancy of a cured product and excellent balance with curability
of the cOnpaséin am.i§ 04 18¢peat udkin tdved,is rewi ewafernoo® 0 ngur omerk) ,
flame retardancy and noi sture resistance and sol der resistance of a
cured prloteitenyt+trecdafied ofaplotiadl noedbrs of e ives e iyed dyy oxye
group-contai ning aromati ¢ hydrocarbon group (Epl) present is

pref er abfgllewing agigeuofundl t bo200lael ati ve to the total nunber of
100 of thes%th|dyloxy group-containing aromatic - 62 - hydrocarbon
group (ERY vi ng the napht hyl net hyl group or anthryl met hyl group
and the ﬁ:yC|donxy group-contai ning aromatic hydrocarbon group
(Ep2). IHpaErti®td ar, the ratio is preferably 15 to 120 in view of
the high effect of inproving curability, noldability,
noi st ure-regHstance reliability, d gH anme retardancy,

) :

. o £ ¥ N

d S|gn|f|cantly i npro esture reS|stance n'ij
0 'to

resistante” In particular, with the rarfo in a range of
noi sture resistance and sol der resistance is nore inproved. [0119]
The epoxy resin (A') can be produced by a production nethod descri bed
in detall bel ow. That is, the nethod for producing the epoxy resin
(A) is, "f}b?r%rfblks @h]éeﬁ’r%%%déf”o‘? POdtiTiFY Jtrhi'eec-iﬁferfbﬁ ¢ &8 AM9%EF dhe
heat - cur ab e res Slt on ccording to the above-described
met hod Jr %'tl ’p%ﬁe]rf{ﬁ TEH i LHESPT CHE G OHYR i

Speci ficall th th d di t 0 I f

opi ch L?M i %ﬁ(r)%aé}?ﬁb#g%i? RS GRS e p%%tw
f f t 0

[Srsriagr:gﬂ’}éel g‘P Zcbé:%q{c}’ 1 1%a(_g)c(%)l Ofa]?k% g %@f %?'S;E uaa'{ OEH} ng 0.9

to 2.0 I

hgdroxyl ar tﬁ?nﬁﬁgaﬁgglgﬁ%gt ys I%S? égﬁﬁigﬁf ei t a soCTt or

an agueols Rl [ e tISR, il AAUANME. A1 Ud %A&ew@&',aﬁ her dfRthod

may be one 1 n which the daqueous solution is continuously added, and

wat er ang; el el Of ofydréde as £ ondd nuousiy di wid Tdedhof frddam the

reaction m xture under reduced pressure or nornal pressure and
further dHaatdronates: 5@l di@tg Ml névd B®Vieds 1 e £ cddorOiyidHd n i's
continuously returned to the reaction m xture. [0120] In the
case of disusiid ahe fHPIRICE | 09, a NEM &P rch| @raly did taphesaivigeas, i s
used in a first batch for production of the epoxy resin, but in
subsequertie bizd clhesind het wpttoltor ofyxaiua r ecovered fromthe crude
reaction product is preferably conmbined with new epi chl orohydrin
correspolifdigy) to a consunption |loss by the reaction. In this case,

t he epi chl orohydrin contains inpurities derived fromthe reaction,
such as iyaidolS] epi chl orohydrin and water, an organic solvent, etc.
The epichlorohydrin used is not particularly limted but, for
exanpl e, epi chlorohydrin, epibronohydrin, P-nethylepichlorohydrin, or
the like can be used. In particular, epichlorohydrin is preferred
because of easily industrial availability. [0121] Exanples of the
basi ¢ catal yst include al kaline-earth




- 64 - metal hydroxides, alkali netal carbonates, alkali netal

hydroxi des, and the like. In particular, in view of excellent
catalytic activity for epoxy resin synthesis reaction, alkali netal
hydr oxi des, for exanpl e, sodium hydroxi de, potassi um hydroxide, and
the like, are preferred. Wien the basic catalyst is used, it nay be
used in the formof a 10 to 55 nass@bggueous solution or a solid
form In addition, conbination with an“organi c solvent can increase
the reaction rate of synthesis of the epoxy resin. Exanples of the
organi ¢ sol vent include, but are not particularly limted to, ketones

such as aoet one, thmh ethyl kewyone, and the like; alcohols such as
nmet hanol , ethanol opyl aI hoI i sopropyl al cohol, 1-butanol,
secondar and the like; cellosolves such
as net hy II so v@kﬁgt solve and the like; ethers such as
tetrahydrofur , 4- d|o , 3-di oxane, diethoxyethane, and the

l'i ke; and aprotlc ol ar solvemts such as acetonitrile,

di et hyl sul f oxi de, di nethyl formam de, and the |like. These organic
solvents may be used alone or in combination of two or nore in order
to adjust polarity. [0122] The product of the epoxidation
reacti on(uisev@ished mpfesaies anshdmen grvgacsed api sty Dhyesip, and
the solvent used are distilled off by distillation under heating and
reduced icessuire.a Fggdrer ,unit cargeri ¢ camprindusest hef epoxy mord)s; -
resin containing little hydrol yzabl e hal ogen, the resultant epoxy
resi n carr e t@yal gl Ssole etk s man trigaplesplaleatthane hresi ol wne,
met hyl isobutyl ketone, nethyl ethyl ketone, or the like, and an
aqueous diotynlanerofacirers kelengretadd hydrroxi ee svinals moglinmm

hydr oxi de, otaSS|un1hydrOX|de or the like can be added to effect
further k on. In this case, a phase transfer catal yst, such as a
quaternary anmoniumsalt, a crown ether, or the |ike, may be present
for inprovi ng™eRE FO&SEI0R FRSED Wi’éﬁatlﬁ’é“@h%élyt raé’ﬁ%rlccétkéllﬁsttonlss
used, the anDunt of use thereof is preferabl é” a raqﬁg

3 0% by TThssc% ST D THESIHS %s@?ﬁf}%‘é%e AFPEQ%‘} % ‘&ﬁfﬁ?%ﬂ n

d d b il
oat o vehitnt " RS SRS o] ﬁ&eﬁ%%%“ %&&%ere
k | | d ff-b d d
et one caﬂ Perrd|C§t| ed o CE% | g{ﬁen’]@ Har%r) ’?%ﬁ ucdaamp}% esrtlsch"ir

produce the epoxy Fesi i Wi purity
heat f
cpoxy 1 LR AR A8 t”h%ép%%%uc%‘?%lna"é TS sfins

i nventi Msad; alone, qﬂ% L ier epoxy
resin (g%@% %ange (ahere ¥lh ﬁ%ct OITCL K{%r eser%:h i nveﬁr}ﬁ on is
not i mpairedey Whals e oo RPoxyrd B8N ks dnd S gitimed.nd-hgr datio
of the epoxy reS|n (A of the present i nvention in the whole of the

epoXy I esdd reMRNRIe 1 -Soref Brabl o3 B MasH Qe MY Eins - 66 -
particularly 40% by mass or nore.
naphthol-cresol co-condensed novolac resins, biphenyl-
modified phencl resins, biphenyl-modified naphthol resins,
methoxy aromatic structure-containing phenol resins,
aminotriazine-modified phenol resins.
[0085]

Next, examples of the epoxy resin (A) used in the heat-

curable resin composition (I) of the present invention



[ 0124] Exanpl es of the other epoxy resin (a') which can be
conbined with the epoxy resin (A') of the present invention include
various epoxy resins, for exanple, naphthal ene-type epoxy resins such
as diglycidyl oxy naphthal ene, 1,1-bis(2,7-

di gl yci dyl oxynapht hyl ) net hane, 1-(2, 7-
diglycidyIoxynaphthyl)-l-(Zl-egcidylggynaphthyl)nethane, and the

| i ke; bi sphenol epoxy resins such as brsphenol A epoxy resins,

bi sphenol F epoxy resins, and the |ike; novol ac epoxy resins such as
phenol novol ac epoxy resins, cresol novol ac epoxy resins, bisphenol A

novol ac apokyde asdpis; halbepid-hofparovedac wpaXxys restnsys b jphignyd dyiosot ac
epoxy resins, naphthol-phenyl co-condensed novol ac epoxy resins,
napht holraglesol 1ee ¢ ohdetisien( okl iarl. wepiokyl o:asiars tand ndighdrike; 1-
epoxy resins having a resin structure in which a nethoxynaphthal ene
skel et on(3,s7 toiralled: 1 dy Ik arageth el ndct 64's- of any one of these novol ac
epoxy resins through a methylene group and epoxy resins having a
resin stFhitimel ¢xyvipiehel e Heaphand Hiel etly ikl gdmivd tepaty
aromati c nucl eus of any one of these novol ac epoxy resins through a
net hyl eré®Hrsups UPherdl Piatritaa L tA (RP b xEE T 8%t nP rapiasehtle #FRRXY he
followng structural fornula Bl: [0125] [Chem 29] - 67 -
(wher ei FSE3% a FEhdt® uhifeamPTSlam SREHESTMD BIchdre)RRsiht hol
aral kyl epoxy resins represented Qy t he folloqugfstruptur%y fq{nula
B2: [01 vq rﬁp%ﬁﬁ resins, cresol novolac epo resins, bisphenol
A novolac epoxy resins, naphthol novolac epoxy resins,
biphenyl noveolac epoxy resins, naphthol-phenyl co-condensed
novolac epoxy resins, naphthol-cresol co-condensed noveolac
epoxy resins, and the like; epoxy resins having a resin
structure in which a methoxynaphthalene skeleton is bonded
to an aromatic nucleus of any one of these novolac epoxy
resins through a methylene group and epoxy resins having a
resin structure in which a methoxyphenyl skeleton is bonded
to an aromatic nucleus of any one of these novolac epoxy
resins through a methylene group; phenol aralkyl epoxy
resins represented by the following structural formula Bl:

[0086]

[Chem. 16]

0 o 0
Cronot oot @
- '\7‘ L
n



(wherein nis a repeat unit and is an integer of 0 or nore), biphenyl
epoxy resins represented by the followi ng structural fornula B3:
[0127] [Chem 31] - 68 - (wherein nis a repeat unit and is an
integer of 0 or nore), and novol ac epoxy resins each having aromatic
met hyl ene as a bridging group and represented by the follow ng
structural fornula B4: [0128] [Chem g%] (wherein X represents a
phenyl group or a biphenyl group, and is arepeat unit and is an
integer of O or nore); epoxy resins having a resin structure in which
a met hoxynapht hal ene skeleton is bonded to an aromati c nucl eus of any
one of theseairalkyls typeempoxyurtiasiarsd tiy cughirec iy fere @ augxe)and
epoxy resins having a resin structure in which a nethoxyphenyl

skel et omaphiiondedra Iokydh egamimtiasins represented by the following

structural formula R2Z2:
[(0087]

[Chem. 17]

B2

(wherein n is a repeat unit and is an integer of 0 or more),
biphenyl epoxy resins represented by the following
structural formula B3:

[0088]

[Chem. 18]
o Qo o
G- %@%@ "

(wherein n is a repeat unit and is an integer of 0 or more),
novolac epoxy resins each having aromatic methylene as a
bridging group and represented by the following structural

formula B4:



- 69 - nucleus of any one of these aral kyl -type epoxy resins through
a net hyl ene group; and ot her epoxy resins such as tetranethyl bi phenyl
epoxy resins, triphenyl nethane epoxy resins, tetraphenyl ethane epoxy
resins, and dicycl opentadi ene phenol addition reaction-type epoxy
resins. These epoxy resins nmay be used alone or as a mi xture or two
or nore. [0129] Anong these, naphthal ene-based epoxy resins,
napht hol novol ac epoxy resins, phen6|4 ral kyl epoxy resins, biphenyl
epoxy resins, al koxy group-containing novolac epoxy resins, and

al koxy group-containing aral kyl epoxy resins are preferred in view of
excel l enf0d3&ane retardancy and dielectric characteristics. [0130]

As the curing agent (B') used in the heat-curable resin conposition
(1) of t@hemwehﬁht i nvention, various known curing agents for epoxy
resins, r exanpl e,, an am ne,conpound, an am de conpound, an acid
anhydrlde gnpound, faxphenol ound, and the like, can be used.
Exanpl es the am conpou dlanlnodlphenylnethane di et hyl ene
triam ne, rlethylen tetranl , di am nodi phenyl sul fone, isophorone
di am ne, ¥m dazol & conpl ex, guani di ne derivatives, and the
i ke. EXx les of t am de ound i ncl ude di cyandi am de, pol yam de
resins q¥ i ic -B#0 - acid dinmer and

et hyl ene “ani he, -~ Exanpl es of the acid anhydride
conpound i ncl®ide Ypht hal Tc aphydride, trinellitic anhydride,

pyronel litic anhydride, maleic anhydride, tetrahydrophthalic

nexahyr GRRRE & S’—Hﬁ%"éﬁ?g‘ L R R LA

the lik )
® I Kend R & Oloddie mepoa}n&ol@%wdlﬂfgi&dw 2Gggsins suc

as pheno cresol novol ac novol ac

resins, f}c&sﬁ{@mvmg condansedsnaval A rﬁ?'mﬁcmaaoht hol - cr esol

co- condensed novol ac resins, and the |ike; nethoxy aronatic

struct ur@@@}&ﬁi@ma@msw@ﬁé% SUE b aradrhendlad esidia thiay il @ us
resin structure in which a nethoxynapht hal ene skel eton is bonded to
an ar onmadfi el s Oftadpe atee ofrd1hesie- ol e d @S| fss iy ddbuigh a
met hyl ene group, phenol resins having a resin structure in which a
met hoxy pieerhptl esteel ptanrp | sarbbngssk  or et ray draatiirgg nuatesdisn oft Myt e of
t hese novol ac resins through a nethyl ene group, and the |ike;
ar al kyl -iry péhiptrereoimat@si:ngpisarghl ascaleanol oy dldonded 60 resn reepmesEint ed
by the followi ng structural formula: [0131] [Chem 33] - 71 -
nucleus of any one of these aralkyl-type phenol resins

through a methylene group; tetramethylbiphenyl epoxy resins;
triphenylmethane epoxy resins; tetraphenylethane epoxy
resins; and dicyclopentadiene phenol addition reaction-type
epoxy resins. These epoxy resins may be used alone or as a
mixture of two or more. Among these, naphthalene-type epoxy
resins, naphthol novolac epoxy resins, phenol aralkyl epoxy
resins, biphenyl epoxy resins, alkoxy group-containing
novolac epoxy resins, and alkoxy group-containing aralkyl
epoxy resins are preferred in view of excellent flame

retardancy and dielectric characteristics.



(wherein nis a repeat unit and is an integer of 0 or nore), naphthol

aral kyl resins represented by the follow ng structural fornula:
[0132] [Chem 34] (wherein nis a repeat unit and is an integer
of 0 or nore), biphenyl-nodified phenol resins represented by the
followi ng structural formula: [0133] [Chem 35] - 72 - (whereinnis
a repeat unit and is an integer of O ?r nore), biphenyl-nodified
napht hol resins represented by the fo poﬁﬁng structural fornula:
[ 0134]

[0090]

The mixing amounts of the epoxy resin (A) and the
phenol resin (B) in the heat-curable resin composition (I)
of the present invention are preferably such that the amount
of active group in the curing agent containing the phenol
resin (B) is 0.7 to 1.5 equivalents relative to a total of 1
eqguivalent of epoxy groups in the epoxy resin (A) from the
viewpoint of good physical properties of the resultant cured
product.

[00%91]

If required, the heat-curable resin composition (I) of
the present invention may be properly combined with a curing
accelerator. As the curing accelerator, various compounds
can ke used, and for example, a phosphorus-base compound, a
tertiary amine, imidazole, an organic acid metal salt, a
Lewis acid, an amine complex salt, and the like ca be used.
In particular, in application to a semiconductor
encapsulating material, from the viewpoint of excellent
curability, heat resistance, electric characteristics,
molsture~resistance reliability, etc, triphenylphosphine is
preferred as the phosphorus-based compound, and 1,8-
diazabicyclo-[5.4.0]-undecene {(DBU} is preferred as the
tertiary amine.

[0092]

Another heat-curable resin composition (II) of the



[ Chem 36] (wherein nis a repeat unit and is an integer of 0 or
nore), and the |like; phenol resins having a resin structure in which
a net hoxynapht hal ene skeleton is bonded to an aromati c nucl eus of any
one of these aral kyl -type phenol resins through a nethyl ene group,
and phenol resins having a resin structure in which a nethoxyphenyl
skeleton is bonded to an aromatic nuchgus of any one of these

ar al kyl -type phenol resins through a t hyl ene group; novol ac resins
each containing aromati ¢ nethyl ene as a bridgi ng group and
represented by the follow ng structural forrmula: [0135] [Chem 37] -

73 - pXadetel inverepsesant Bude phedyd s §ote Drcanib phety] 9t odoxy
and nis a repeat unit and is an integer of 0 or nore); and

pol yhydrresjphe(d! ) campoancsr sug hagsnt r { Bret hytiod nepdranereest n&a ')

t et raphenyl ol et hane resins, dicycl opentadi ene phenol addition-type
phenol rlesvirsy amiewixy azé s nodiidedrphemolng esinsa (lpod yhyské eton,
phenol conpounds each contai ni ng phenol nuclei connected to each

ot her wia elciire b wWehZdoquanbmidk)ty and ghecidkleoxy 0188}P—

Anmong these, a resin containing many aromatic skeletons in its

mol ecul @OREFUEANT 2 TP EF eFFRE FoI {$1R) \a sV Tiieditq Iragh gigher
retardant. effect. Exanples thereof which are preferred in view of
excel | entP¥ude et eahtdeiH IR phie ol eiguot ere resews hatigyp|an
novol ac resins, novolac resins having aromati c nethyl ene as_ a

bri dgi ngd i ¥tip Hhﬁb‘?caa‘i%ﬁrkﬁtlf‘é%"r‘ﬂg‘?' rphtHO 1 2 ERTA A4 PEstsiss of
napht hol _novol ac resins, .napht hol -phenol cq-condensed novol ac_resins,
napht hol B SUT 2% 0 RO EHERt VoI S S TR LIy R & R 7 GF pHienol
resins, bhi.phenyl - i fied naphthol resins, nethoxy aromatic
structh%E%hﬁé%%?#H%#;ﬁﬁﬁﬁﬁ'resins, and

[0093]

That is, the epoxy resin (A'} in the heat-curable resin
composition (II) is produced by epoxidation through reaction
of the phenol resin (B) constituting the heat-curable resin
composition {I) with epichlorohydrin, and thus has the basic
skeleton common to the phenol resin (B). Therefore,
aromaticity of the resin can be enhanced, and fluidity of
the resin can be maintained. In addition, it is possible to
improve affinity for an inorganic filler such as silica in
application to a semiconductor encapsulating material,
decrease the ccefficient of thermal expansion of a cured
product, and significaently improve moisture-resistance
reliability and flame retardancy. In the present invention,
the epoxy resin (A') corresponds to a novel epoxy resin of
the present invention.

[0094]



- 74 - amnotriazine-nodified phenol resins. In addition, in order to
inprove fluidity, it is preferred to use the resin together with

di hydr oxyphenol such as resorcin, catechol, hydroqui none, or the

| i ke, bisphenol such as bisphenol F, bisphenol A or the like, or

di hydr oxynapht hal ene such as 2, 7-di hydr oxynapht hal ene,

1, 6-di hydr oxynapht hal ene, or the |ike. [0137] However, in the
present invention, the phenol resin'(éﬁ used in the heat-curable
resin conmposition (1) is particularly preferred fromthe vi ewpoi nt of
the significant effect of inproving heat resistance and noi sture
resistance amtceoltdes vwiesigtiancef mordemp fovan e anewheitite «of
excel l ent noisture resistance and sol der resistance and fl ane

r et ar danoyi s tumee phendd t aese el edler bty had 8l ste wed taedame whi e t he
phenol i ¢ hydroxyl group-containing aromatic skeleton (Phi) having the
napht hyl et hy | o Griowipa brnanibdr yé et ey | nagyrloupy Ime el ayomeats comucl eus
is represented by the fornula Phi-14, Phl-15, Phl1l-20, or Phl-22, the
phenol i cathiytelr oy thyy bupr ewns abre sentarorarFef ks bt ol (Rh2ZQ0hot havi ng
t he napht hyl nethyl group or anthrylnethyl group in the aromatic

nucl eus ¥&latebieskntdil byothk muthrl a0 PhXA of Hr-glyaidly k ecoup-

met hyl ene bridging group (X) is represented by the structural fornula
X, X2, anbeningd agjomat g skeletonsrheehpudis Pef e légox F eesi n
(A") and the curing agent égg% m xed in the heat-curable resin
conmposi tFaNQ 145 RFetedlyt tt9 nbehtF M drle nbteRe e lartie

limted, b such that the anmount of active group in

t f b]
the cur P RETTF) 15 TRETENT bRy E e 9 3R VYo a tot al

of 1 equjval.ent of epoxy groups. in the epoxy resin including the
opoxy e TR S e ST Tk PR AT A g o R A Y oo or
the res ur P, uct. _[013 Afor ire
heat-cu;%‘%ﬁa%“errg’siiﬁg%o%igt}% %%ra&?l;f hleA par elgaceﬁrﬁé’ioﬂfveén ietoon 1n%%/ be
proper | yef thes panhidiad: Wi hi GO0 SECEl SF ALy AS: 110 A T fitn
accel erator, various conpounds can be used and, for exanple, a
phosphorais-dase: £0mmaunth e & &It &y BN nd &1 agel & &a{g,c
acid netal salt, a Lew s_eaci dl, E;fanéﬁal_rrall ne corﬁ) ex 2921 t, a%g)ﬁe I' ke ca
be used.add HHad td g B i cdrit aPPid CAld O RO B SEIAC NG HOTon, and
encapsul ating material, fromthe viewpoint of excellent curability,
heat resisttaingela€l e odrd fexdracierd stdtge DI BI WE-gEsi st ance
reliability, etc, triphenyl phosphine is preferred as the

phosphor us3dfise conpound, and 1, 8- di azabicycl o-[5. 4. 0] -undecene

(DBU) is preferred as the tertiary am ne. [0140] In the
heat - cur abl e Heesi, n thenpegiatli onsibElr) cdnd hel nja pthethailimed hytiowe cuplze or
phenol resin (B) in the heat-curable - 76 -

anthrylmethyl groups relative to the total number of 100 of
the glycidyloxy group-containing aromatic skeletons (ep) is
equal to the total amount of a naphthylmethylating agent or
anthrylmethylating agent (a2) relative to the number of
aromatic nuclei in a phenol resin raw material used for
producing the phenol resin serving as a precursor of the
epoxy resin.

[0096]

As described above, the epoxy resin (A') in the heat-



resin conposition (1) and the epoxy resin (A) in the heat-curable
resin conposition (l11) have the excellent effect of inparting flane
retardancy, and thus a cure product has good flanme retardancy even if
not mxed with a flame retardant in conmon use. However, in order to
exhi bit higher flanme retardancy, for exanple, in the field of
sem conductor encapsul ating materials, a non-hal ogen fl ane retardant
(© containing substantially no hal 69%?1 atom may be mixed within a
range where noldability in an encapsulation step and reliability of a
sem conduct or device are not degraded. [0141] Al t hough the
heat - curaht &b Y& Stas 00 npasp d $ 00 @O NEE )ni dxgh tdien nonirhal ogere fimne
retardant (C) contains substantially no hal ogen atom the resin
conposi tstomatayre,ore aj Yy diad wigeny at o -tuen ttaol i irayr ea rmmatnitcs sifeleton
inmpurities at about 5000 ppmor |ess which are derived from for
exanpl e, (Bpt i mrathychl re contis redbievidtedpoxe resliyeidyliesd] group-
Exanpl es of the non-halogen flanme retardant (C) include a
phosphoraégn s g |aranaietarskmie tan niBrlodemdrssian fleme hastiardant, a
silicone-based flane retardant, an inorganic flame retardant, an
or gani ¢ RN B LIBAS cir Furafr rasttdrgame thinld FHeR ke aruse 2 tifese
flame retardants is not particularly limted, and they may be used
al one ormYHl Lbirbidit idrf ofCIL Pl URAIFIPRTCH e 1 HLPIRE-Df the

t he

same - 77 - type or different types. [014 ,

phosphorsi}%e-Jt?a%%B £ TRt ,éaleﬁet et aabﬂﬁeh‘b‘r A% ype or an
organi c jype c be used. Exanpl.es of an _inorganic co m%i,ncl ude
red phos PR L MR HE oL B B % P Trorgmti i Biidsphat e,
di anmoni,um phosphat.e,  tri nni um ph hate,. .a ni um pal yphosphat e,
and the kﬁﬁ(el;naa%c?atlt)nor%%tanh?a%rﬁ raogrga %icg’lrﬁalar? énﬁhryg%roosuﬁoorrus conpounds
such as Hh%ghj i n‘ifi__q, d the 1 | e d :
phosphorusi gﬁée e‘fia y usgﬁﬁ%ac% térfeég%etdl(?gnﬁlﬂp%eeuvs_e'nt ﬁﬁgthgdﬁ?ﬁ;g' s or
the |ikey &S ede WU RS CATRI JIR hoth idiel e ddn) it hod
of coating wth an 1 norganic corrpoundl such as magnesi um hydr oxi de,

al um nurdydlaxiae wd e vl Q81 dd tard droxi de, bisnuth

oxi de, bi snutc'?hydroxiﬂ(}gf bi snutlﬁﬁgnli tdr aﬁg@r@ m xt ure thereof,

(i) a negdwn) of coating with a m xture of an inorganic conpound,
such as magnesi um hydroxi de, al um num hydroxi de, zinc hydroxide, or
titani um hydeEsshgessand ahtzhengeseailiong pesup-couediasng phematic
resin, (iii) a doubly coating nmethod of coating with a filmof an

i nor gani skedlenpounEsiuic hi resl g nesisem depdtepardesd & yw i o thpdrloxi de,

zi nc hydroxide, or titanium hydroxide, and coating the filmwith a

t her nosetdnimpl ae il sludie &pla-Ighdralow.esin, and the |ike. [0145]

[0098]

[Chem. 20]



- 78 - Exanpl es of the organi ¢ phosphorus conpound incl ude
gener al - purpose organi ¢ phosphorus conpounds such as phosphate
conpounds, phosphonic acid conpounds, phosphinic acid conpounds,
phosphi ne oxi de conpounds, phosphol an conpounds, organic

ni t rogen- cont ai ni ng phosphorus conpounds, and the like; cyclic

or gani ¢ phosphorus conpounds such as
9,10-dihydro-9-oxa-10-phosphaphenanfh?gnézlo-oxide, 10- (2, 5-

di hydr oxypheny1l) - 10H 9- oxa- 10- phosphaphenant hr ene=10- oxi de,

10- (2, 7- di hydr oxynapht hyl ) - 10H 9- oxa- 10-

phosphaphenant §f ene=10- oxi de S$fand the |ike; and derivatives pgpduced
by reaction of gt he phosphoru%)cgybounds &4th a conpound such gas an

t he

epoxy resin, ghghenol resin, Jq li ke’ Q48] tEBEEhEHym¢£$ppH3
0

amount is appeeprt aFely setrgpird acket-di ng Tg e g 53—  Epl-4
phosphorus-bﬁﬁgd flame retE?p nt, the othe;EZQnﬁﬁggnts of thﬁt)

heat - cur abl LN conposi and the desixed degree of flqps
ret ar dancy. xanpl e, d phosphor @ used as ge
non- hal ogen tlanme retardant; the flame retardant is preferablbly m xed

in arage of 0.1 to 2.0 parts by mass in 100 parts by mass of the
heat - curabl e resin conposition containkﬁg all of the epoxy resin, the
curing agent, the non-hal ogen flame retiardant, filler, and the other

addi ti ves. inilarb&r when the organi c bhpsphorus conmpofitgd is usg&[
it is prefdrfg i A= I angefoff 9 §p 0 parts{by R
particula(gra ly I::‘]?]‘F‘sa ra SQG 9 -EPE)'%S to 6X0 pHglezby Ep1-7
mass. [0147] Wien the phosgh@rus-based flane refHedant is used,
t he pho @@ -based fl anme ret may be conbi ne @
hydr ot al ¢Y't®, magnesi um hydr oxi &€,™~a boron conpound, oni um oxi de,
a bl ack dye, calgiun1carbonate, zeolite, zinc nolybdate, activated
carbon, or the ﬁ ke. [0148] Exanpl es of the nitrogen-b&sed flane
retardant inclu triazi ne conpounds, cyapnwfi c acid conpounds,
i socyanuri c ackfRxconpounds, phquL and 1 Rhe |iHe, e
triazine conpolMs, thgpgganuric a!EgE;gﬁgggﬁgg?Band t 4;?12:&%5ur53*10
acid conpoundj*hre preferred. [Oliﬂ} CH,
T Gr
')0\ |)0\(0/Gr g
_-/.5\:)— Ep1-11 '_l/::)_ Ep1-12 i + Ep1-13
CH, CH, CH,

0 G

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0099]

In the present invention, the structural formula Epl-1



Exanpl es of the triazine conpounds include nel am ne, acetoguanam ne,
benzoguanam ne, nelon, nelam succi noguanam ne, ethyl enedi nel am ne,
nmel am ne pol yphosphate, triguanam ne, and other conpounds such as (i)
am notriazine sul fate conmpounds such as guanyl nel am ne sul fate, mnelem
sulfate, nmelamsulfate, and the like; (ii) co-condensates of phenols,
such as phenol, cresol, xylenol, butyl phenol, and nonyl phenol, wth
nmel am nes, such as nel am ne, benzogﬁaﬁ m ne, acetoguanam ne, and

f or mguanam ne, and formal dehyde; (iii) m xtures of the co-condensates
(ii) and phenol resins such as phenol -formal dehyde condensates; and

- 80 - (iw)pdheicorsondepsafesrédi frandcidevdwberes §fiigwfurther

nodi fied with tung oil, isonerized linseed oil, or the like. [0150]
Exanpl esvidcddiet ¢ yamdir ¢ ccatl enic oopoaindsi. € nel ekt cyeslst snée] dand
mel am ne cyanurate, and the like. [0151] The amount of the

ni t r ogermbbstedrd | zael seirceamd nsxkde T srappsivprdat elAl sl ectsdetleton
according to the type of the nitrogen-based flane retardant, the

ot her cdmpohentreidivi her dieas - coir adpec sesied donpdse t$omycamgal he
desired degree of flane retardancy. For exanple, the nitrogen-based
flame refieream Frlpt eieraptiemsedi rom athangewonosof otl® parts by
mass, particularly preferably in a range of 0.1 to 5 parts_by nass,
in 100 pat¥slbiranksehietheohebtRedir aby 1925 e Thiipysre i v dont Hi ki fg
all of the gpoxy resin, the curing agent, the non-hal ogen flane
retardah??s¥$%4%§? Y TPV et SHRIFIGSes. [ 0152] I n addition,
t he nitr@gﬁﬂ?based flame retardant may be used in conbination with a
met al hy he, a nol ybdenum conpound, or the like. [0153]

[Chem. 21]



The silicone-based flanme retardant is not particularly limted and
can be used as long as it is an organic conmpound containing a silicon
atom Exanples thereof include - 81 - silicone oil, silicone rubber,
silicone resins, and the |ike. [0154] The anount of the
silicone-based flame retardant m xed is appropriately sel ected
according to the type of the silicone- 2ased flame retardant, the

ot her conponents of the heat-curable Pésin conposition, and the
desired degree of flane retardancy. For exanple, the silicone-based
flame retardant is preferably mxed in a range of 0.05 to 20 parts by
mass in 100 partg.by mass of the hgat-curable resin copposition
containing all oft the epoxy resin, Yhe curing agent, tHe non-hal ogen
flame retardant, Jfiller, and the ot el additives. In a@dition, the
silicone-based fi Epi-a4dant ma 18 §e@ unsconblna

nnlybdenun1com@§ d, alum na, or li ke. [0155] )2 anﬁPEégof

t he i norganj 'ane retardant incklte netal hydr oxi *&tgmnaj oxi des,
metal carbg conmpounds, netal rs, boron Inds,

| ow nel ti ng™por'nt gl ass, and the . [ 0156] npl es of the

met al hydroxi des include al um num hydr oxi de, magnesi um hydr oxi de,
dolomte, hydrotalcite, cal cium hydroxide, bariunlhydroxide,
zirconiun1hydbpxide and the liKke. [0157] - 82 -

wa mw Jricu

(l-; G Gr
r
2 = | '
0 o)
H3C\l');\(CH3 L
A Ep1-20 H2c7:\:)— Ep1-21 h5—  Ept-22

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0101]
In the present invention, the structural formula Epl-14

is particularly preferred from the viewpoint of low



Exanpl es of the netal oxides include zinc nolybdate, nolybdenum
trioxide, zinc stannate, tin oxide, alum num oxide, iron oxide,
titani um oxi de, manganese oxi de, zirconium oxide, zinc oxide,

nol ybdenum oxi de, cobalt oxi de, bisnuth oxide, chrom um oxi de, nickel
oxi de, copper oxide, tungsten oxide, and the |ike. [0158]

Exanpl es of the netal carbonate conpoggds i ncl ude zinc carbonate,
magnesi um car bonat e, cal ci um car bonat ;7 bari um carbonate, basic
magnesi um car bonat e, al um num carbonate, iron carbonate, cobalt
carbonate, titanium carbonate, and the |ike. [0159] Exanpl es of
t he et a¥ipowslery amdl edes hoawler suodb Bl 1ing numeat rofsidtidrace umnd

manganese, zi nc, nolybdenum cobalt, bismuth, chrom um nickel
copper, nohgsten, reshstance tded | $dkledef 04691 s tEramg! edlclo,t ke phenad.
conpounds include zinc borate, zinc netaborate, barium netaborate,
boric ac$keldormxhawhed tihethykedr§@is1gs reprosampidsoofthde
| ow-nel ting-point glass include Seapl ea (Bokusui Brown Co., Ltd.),
hydr at eds gFagsusi b2t auubed Exbdl PhEER0S) baze EP RS P29 Rigjoe beasdd,
P205- B202- Pb0- My0- based, P- o '
from the viewpoint of the significant effect of improving
heat resistance and moisture resistance and solder
resistance.
[0102]

On the other hand, as the glycidyloxy group-containing
aromatic skeleton (Ep2) not having the naphthylmethyl group
or anthrylmethyl group in the aromatic nucleus, specifically,
aromatic hydrocarbon groups represented by structural
formulae Ep2-1 to Ep2-17 below, which are formed from phenol,
naphthol, and a compounds having arn alkyl group as a
substituent on the aromatic nucleus of phenol or naphthol,
are preferred from the viewpoint of excellent heat
resistance and moisture resistance and solder resistance.

[0103]

[Chem. 22]



- 83 - Sn-O F-based, FIDO V205-Te02-based, Al 203-H20-based, and | ead
borosi li cat e-based gl ass conpounds. [0162] The anmount of the
inorganic flane retardant m xed is appropriately sel ected according

to the type of the inorganic flane retardant, the other conponents of

t he heat-curable resin conposition, and the desired degree of flame
retardancy. For exanple, the inorganic flane retardant is preferably

m xed in a range of 0.05 to 20 parts B@ mass, particularly preferably
in arange of 0.5 to 15 parts by mass, in 100 parts by mass of the
heat - curabl e resin conposition containing all of the epoxy resin, the
curing agent, the non-hal og%? flame retardant, filler, and t ot her
additi ves. ?5163] Exanpl es q the organic netal salt-based fljane
retardant i Iude ferrocene9 acgsyl acet e nmetal conpl exes @ orﬂani C
met al carbaf EBQ nds Ml Cg Eal %wgs or _E Ep2-4
sul foni ¢ adkg’ net a alts, Fhpounds “each h&ddg_an ionic bdg! or p<-
coordi nate bond between a netal atom and an aromﬁn c conpound or

het er ocycl i@r compound, and t i ke. [0164] The. amount of thg organic
nmet al salt-gased flame retar ant mxed is apprbpriately sele fed
according tQ the - 84 - f the organj g t salt baseaoflarre

r et ar dant=t Dhe- ot Epe- a:onﬂé heat’- 54y I A— Ep2-8
conposi ti o'?'q/ and the desi red\:d’egreebof flame 'ﬁe‘farda Cy. For anpl ep

t he organi cCheet al salt-based flanme retardant iGHpreferably m«egd in
the range of 0.005 to 10 parts by mass in 100 parts by mass of the
heat - curabl e resin conposition contain l'ng all of theg,%)oxy resigy the
curing agent, the ji hal ogen fIa reardant, filler,Ngnd thegjother

addltlve @@] Ep2-9 -)- Ep2-10 —( )— Ep2-11

0 Gr
N 0~
: \J Ep2-15 L/: ) Ep2-16 7: > Ep2-17

In these formulae, "Gr" represents a glycidyloxy group,
and when two or more bonds to other structural sites are
positioned on a naphthalene skeleton, these bonds may be
positioned on the same nucleus or different nuclei.

[0104]
In the present invention, the structural formula Ep2-1

is particularly preferred from the viewpoint of excellent



If required, an inorganic filler can be m xed in the heat-curable
resin conposition of the present invention. Exanples of the inorganic
filler include fused silica, crystalline silica, alumna, silicon
nitride, alum num hydroxide, and the |ike. Wen the anount of the
inorganic filler mxed is particularly increased, the fused silica is
preferably used. Although either crushgd or spherical fused silica
can be used, the spherical fused siTigd Ts preferably mainly used for
i ncreasi ng the anount of the fused silica m xed and suppressing an
increase in melt viscosity of a nolding material. In order to further
i ncr easecudwb At afd tttes spherdioatalsifdaeld @ -4 hies gred festeade
distribution of the spherical silica is preferably properly adjusted.
The fil lfmgn ridte visewweefrer aif yelees o igtase possididandan arnceveafddt ane
retardancy, and particularly preferably 65% by nass or nore of the
whol e armamitstofnaehe heat-curable resin - 85 - conposition. In the
use for an application such as a conductive paste, conductive filler
such as @X13iNer powder, a copper powder, or the |ike can be used
[0166] If required, various conpoundi ng agents such as a sil ane
coupl i ng ageht-kea fRal dheePbgde lagestin anpithreheatagugrbilsi rieedn et c.
can be added to the heat-curable resin conpaosition (1) or (I1) of the
present FHRAIOPR [ CWe7]examplestipt Hdw Rattuble s 5 EdH i t4Ron
(1) or (JJ) of the present invention can be produced by uniformy

m xi ng tHe dBBE riThed @ orfpoTe it & UG Shébt t&l?r aenﬂ‘é‘&f gsitht! A
conposi tion of the present inventian n easily formed.into a

cur ed pr]d}i{}]cut‘jeoysrkt%c%%s d‘%e%regse%ﬁ}eéf%ngﬁ}? %%%CP% of the
cured prsgﬂdél%cétuirnacll Oermr{lqﬂadﬁeq(lcqoeqda-r oducts such as a lam nate, a
cast product; an adhesive Tayer, a coating film a film and the

like. [O 6]Appl i cations using the heat-curable resin conposition
(1) or (H of the present invention include sem conductor

Creprunes IRELELS, FpsIfI OUNR LioRhauRed . Ladnsion, mad

adhesi vase ifar anendiistl atd Nghich the glycidyloxy group-
containing aromatic skeleton (Epl) and the glycidyloxy
group-containing aromatic skeleton (Ep2) are bonded to the
glycidyloxy group-containing aromatic skeleton (Epl) or the
glycidyloxy group-containing arocmatic skeleton (EpZ2) through
the methylene bridging group (X). This bonding can take any
desired combination of bonding forms. The molecular
structure of the epoxy resin composed of these structural
sites includes a random copolymer or block copolymer having,
as repeat units, structural sites represented by partial
structural formulae El1 and E2 below

[0107]

[Chem. 23]



materials for build-up substrates, coating materials such as

insul ating coating, and the |ike. Anong these various - 86 -
applications, the resin conposition can be preferably used for
sem conductor encapsul ating materials. [0169] In order to

prepare the heat-curable resin composition (1) or (I1) for a

sem conduct or encapsul ating nmaterial, %he conponents including a
filler may be sufficiently m xed unti P°tRe resultant nixture becomes
uni formusing an extruder, a kneader, a roll, or the |like according
to demand, producing a nelt-m xing type heat-curable resin

conposi t.i.q]f_l 1dl)elli s casggq silica is generally used as the filler,
and the fi Fer Is preferably used at a filling rate of 30%to 95% by
mass relative to 100 parts by mass of the heat-curable resin

conposi t+fEpP+)Xwer (11). B2n particular, the filling rate is
preferably 70 parts by mass or nore in order to inprove flame
retardancy, noisture resistance, and sol der crack resistance and to
decrease the coefficient of |inear expansion, and 80 parts by mass or
nore in BrAIGIR o I lghi ¥ ddiRt | 9L ¥HHRAkE Y BTNt il ar e tist d a
sem conductor package, there is a nethod in which the conposition is
nol ded BFTRGThg Bl lusi HP4A triaddterd it idi g Fh H P 6eT 4 €t Dn

mol di ng nmachine and then heated at 50,0 ,200C for to 10 hours,
Cher eby U heP A ST orHA or Rfbu e s Thardlsiay It it A o)
When t he heat-gcurabl e resin conposition (1) or Itl). of - 87 - the
present 1Rt 170 1% H5t0dBss &P it g L dip s TITBH Fot % BHIFHERT
circuit hoar. for i : jtion for a.prepreg can be
pr epar ed. a%hﬁe Heat -eﬁgéou B}aﬂﬁ%e b?leo'rscﬁﬁ H(;ao‘%p i't5 i can be autgeu lvﬁ 1 Kout
using a I;)f%]_t fependi ' ' [ Vi, t var h
resin C(ﬁtrrjrcji sition fg{rbd’a%gr ceggrﬂel;aﬁ}%ﬂ ;E%%et? abl %upl}egspl\éfe rajsblt%réafnea

or gani ¢ S0l y&Nlra S 1 UGS VRN tan@ AR Yr SA MR, MAvi ng a

boi ling point of 160C or l'ess, such as nethyl ethyl ketone, acetone,
di met hyldymanddes 3 ofo tie IdKke, is preferably used, and these
sol vents can be used alone or as a m xed solvent of two or nore. Any
desired peeig@ior cenent substrate, such as paper, a glass cloth, a
gl ass nonwoven fabric, aram d paper, an aram d cloth, a glass mat, a
gl ass roMdhegn.clotih, or the like, is inpregnated with the resultant
varni sh, and heated at a heating tenperature according to the type of
sol vent _)@.r.lg]gf.r. y 50y 170C, teEp+X+Eppr90+ecg aB4a cured
product. e nmass ratio between the resgn conpygition and the
rei nforcergfent substrate used is not parlicularlly limted but is
preferably adjusted so that the resin content in the prepregis 20 to
60% by nass. Wien a copper-clad |am nation is _produced using the
heat - cureitip~nesEpteXmosi t iEh, the prappEyS—ERITmeas d%@cri bed
above areystacked by a usual nethod, and a copfer foil is
appropriatlely | am nated thereon and hea!-pr essdre bonded at 170 to
250C for 10 mnutes to 3 hours under a pressure of 1 to 10 [' Pa,
t her eby “sEpdedi=rEpa=-h)X— E7 —E p2-x—E|:_>2—-X— E8

X ¥ 1

|

a peclymer having a repeat unit represented by any one of E3
to E8 and a terminal structure represented by structural

formula E9 or E10 below in the resin structure.



- 88 - copper-clad lam nation. [0171] When t he heat-curable
resin conposition (1) or (1l) of the present invention is used as a
resist ink, an exanple of a usable nethod is one in which a resist

i nk conposition is prepared by adding a cationic polynerization
catal yst as a curing agent for the heat-curable resin conposition
(I'l1) and further a pignent, talc, and f7|IIer, applied on a printed
board by a screen printing nmethod, and’tfien cured to form a resist

i nk cured product. [0172] When the heat - curabl e resin
conposition (1) or (Il) of the present invention is used as

conduct i MEL st e, exanpl es of a usable nethod include a nethod of
preparing a conposition for an anisotropic conductive film by

di sper si [theondife} i ve fine particles in the heat-curable resin
conposi tion, and a method of preparing a circuit-connecting paste
resin coEpdsrX'l'Un or &P ani sotropic conductive adhesive which is
liquid at roomtenperature. [0173] As a nethod for producing an
interlayer insulating material for a build-up board fromthe
heat - cur gplre=Xesi n corppgition (1) or (Il) of the present invention,
for exanple, the heat-curable resin conposition appropriately

contai ning rubber and filler is applied to a circuit board - 89 -
havi ng A Ei¥®uit forned thereon by a spray coating net hod a curtain
coating nethqod, or the |like, and then cured. Then, if uir

pr edet er ni ned FKPotdiF ROLSE Lr ¢S RGN JAF Hen 2 Oé’l?rfj& &rlgjefjr eat ed

and depratu oe ELAR ISt E Y th%th%%“?ﬂéterls%%gs%é o S

plating tr“%%mé%f%n (%téﬁtlﬂENIQ§ﬂﬁg¥jéﬂ(%¥ é{gT t %&ﬁt
ali,

pI’E,‘f erre an OXI 1 zer an a an organl C SO can

d t
used 25 P COASINL0 Adera RN AT ORsf %%ﬁfﬁlﬁ%‘ﬁﬁ e
I nsul at ifg, 4. ayer %%dg%r“t%%%tﬁror £ %y%rro?hfat cph%@%%ch gt&‘tﬁ%‘ihh

pattern,” thereby producing a -'up boar However, hroug

hol es arg,d of MR Bf Sy the it &Jﬂﬂbsifnlrrﬁ;s'a&dn{b%{@téli&é@f?r Fpl) or
formed. Also, "a buil dup substrate can be forned by pressure- bondl ng a

copper fiid guitdi By IS} Nyr MY -G tsa o th 1 8e8 - 1lididrt heegasi n
conposition on the copper foil, under heating at 170 to 250C on the
circuit dmarihhad nha gictidkdlormmd dthefleorgporyt heidit hgy 'St efrs wfe
form ng a coarsened surface and of plating. [0174] A et hod for
produci nresanttr eichyrrodivet iof dreef qrradslentcanpeesed af rmaypHenydaseobugn a

general nethod for curing an epoxy resin conposition. For exanple, a
heat i ng dremreraitkyrle- odrsdi it wre dreph doey lappror iketeus es el fedthed ooy di ng
to the éfggié of improving moisture resistance and solder
resistance. The aromatic nucleus composed of a phenyl group
or alkyl-substituted phenyl group imparts toughness to a
cured product and a condensed polycyclic skeleton disposed
as a side chain exhibits low viscosity. Therefore, low
thermal expansion and improved adhesion can be exhibited,

thereby significantly improving moisture resistance and

solder resistance and improving flame retardancy.



type of the curing agent conbi ned and use thereof, but the
conposition prepared by the above-described nmethod may be heated in
the tenperature range of about 20C to about 250C. In addition, a
general nethod for epoxy resin conpositions can be used as a nol di ng
met hod with no need for particular conditions for the heat-curable
resin conposition (1) or (Il) of the g esent |nvent|on [ 0175]
Therefore, according to the present invention,

environnment al | y-safe epoxy resin materi al capable of exhibiting a

hi gh degree of flanme retardancy can be produced w thout using a

hal ogen- pased] fl ame retardant. In addition, a higher operation speed
of a high-frequency device can be realized by the excellent

di el ectric char actddrtiistn,csn Elret keoxyt respmendaher esiph thB) rert hyiie
epoxy resin (A) can be easily efficiently produced by the production
met hod ofraue qr edentanifivientnarhy laniromd qeid santdeisi grhve anl el delalxivz ed
according to the | evel of the above-described intended performnmance.

[ EXAMPLESjoy®isltainindNextomathiec priesleaiton nimt)i grey haies oy inbeld-imle
further detail with reference to exanpl es and conparative exanpl es,
and "pardsrugHre oses TN e bn & Irasing (il BEst Wiaerfigmeila
specified. In addition, nelt viscosity at 150C, - 91 - GPO and NWR,
and Ms sbbth%.%@re measur ed under conditions described bel ow. 1)
Mel t V|sc05|ty at 150C. according to ASTM D4287

[Chem. 26]
[0113]
[Chem. 27]

B

The structural formula (1) or (2) can take an average n
value of 0 to 5, but in the present invention, a non-
multiple structure, i.e., n = 0, is preferred from the
viewpoint of the expression of excellent flame retardancy.
[0114]

Further, the epoxy resin (A') of the present invention



2) Softening point nmeasuring nethod: according to JI'S K7234 3)

GPO Apparatus: 1-1LC- 8220 GPO manufactured by Tosoh
Cor poration

-~ 59 -

may contain, as a structural site, an alkoxy group-
containing aromatic hydrocarbon group bonded through the
methylene bridging group (X). Examples of the alkoxy group-
containing aromatic hydrocarbon group include groups

represented by the follcowing structural formulae Al to Ai3:
(0115}

[Chem. 28]



Col um: TSK- GEL G2000HXL + G2000HXL + G3000HXL + GA4000HXL

manuf act ured by Tosoh Corporation Solvent: tetrahydrofuran Flow rate:
1 mMm/mn Detector: RI 4) NVR NWVR GSX270 manufactured by JEOL, Ltd.
5) Ms: doubl e focusing nass spectronmeter AX505H ( FD505H) manuf act ur ed
by JEOL, Ltd. [0177] EXAMPLE 1 [Synthesis of phenol resin (A-1)]

In a flask provided with a thernoneter, a cooling tube, a
fractionating colum, a nitrogen gas PHI et tube, and a stirrer, 103.0
g of phenol novolac resin ("M 70G" manufactured by Showa Hi ghpol yner
Co., Ltd., softening point 70C, hydroxyl equivalent 103 g/eq)
represent egy a structural forggp, bel ow and 103.0 g of nethyl

i sobutyl k% on® were charged u *330' rogen gasHgfiPginng and thﬁé‘ -

92 - he 115¢ [0178] | 38TAGHCH 6, 100THEK, oy,
QCHs, QCHs HsCO_~_LOCH
e S 3
Tizr_ 3 Ad l}—— A5 _1:§r_ A6
CH,
SCH,4 OCH,

_©_ A7 (OCH%_ AS —(—)— A9

—@3COOCH‘9-A10 (H9_ A1
_€H3')' A12 (OCHj- AT

OCHj

[011i6]

In the present invention, when the epoxy resin (A')
contains the alkoxy group-ccntaining arcmetic hydrocarbon
group in its resin structure, the alkoxy group-containing

aromatic hydrocarbon group having a structure represented by



After heating, a mxture containing 88.8 g of nethyl isobutyl ketone
and 88.8 g (0.50 nol) of 1- chloronethyl napht hal ene was added

dropwi se at 115C over 2 hours. After the conpletion of addition,
reaction was performed at 120C for 1 hour and further at 150C for 3
hours to produce 161 g of phenol resin (A-1). The resultant phenol
resin had a softening point of 105C (B. & R nethod), a nelt viscosity
of 16.1 dPa-s (neasurenent nethod: TCPlvisconeter method, measurenent
tenperature: 150C), and a hydroxyl equival ent of 173 g/ eq. Fi g.
1 shows a GPC chart of the phenol resin (A1), Fig. 2 shows a 13C NWR
chart, aitk HGrudoshonst erid $ peg tdarn e e 1 esengl aft seat

met hyl napht hyl group corresponding to the general formula (1) was
confi r mesgk s tdrecanaly st samd nreaddiddrory dhean adpaxofrddian tatmdd nunber
of met hyl napht hyl groups was 50 relative to the total nunmber of 100
of phengrdaduytdrany | cagr cafpyroiahitcd mii g deanedse dheelditarsst {101 7 ss
EXAMPLE 2 [ Synthesis of phenol resin (A-2)] - 93 - In a flask
provi ded-amdgdnta- t hernoneter, a cooling tube, a fractionating col um,
a nitrogen gas inlet tube, and a stirrer, 75.8 g (0.76 nol) of

bi sphenol0OIR Yl DI G BPF" manuf actured by DI C Corporation), 25.3 g
(hydroxyl group: 0.24 equival ents) of phenol novolac resin ("TD- 2131"
manuf act ur ed 1By agAE tdepoddt VésW $6f Mefiengmpsioved 8eer Fpgrgkpnce
equi valent; 104 g/eq), and 101.1 g of nethyl| isobutyl ketone were
char ged &bl ang r’cﬁ%@%%%&%i%g:%ﬁﬂ e Heat 't SPOPBEC. T 9 itter

heating, a mxture containing 99.6 g of nmethyl isobutyl ketone and
99.6 g (G596 Hﬁﬂﬁeﬁbllialﬁﬁcﬁgrbr%%@? SHRPht T En e s %#1&&%5@
at 115C qver hours. The sanme_subsequent eration.,as. in Example 1
was per (OTIel 3% prOdGEe Tphatol FEe T CACE)L S B4 GREdne TpAERo|
resin had a,softenin int of 75 B & R nethod), a nelt,viscosity
of 0.7 AL bl PR R M5 ot B 1Rt Idasur ement
t enper at : 0Q) , rﬂ)%/ ui e | 80 Fi g.
4 shows r;g%fgac Cac% to%yt%egyp(ﬂ no Al}%g’i nt\&?éA-%g}g{ nljeggd?t?g'r?, the ratio
of the J_I%H@igr ; 1o .gr : | t-he
t ot al nLLJFgrr{)ere 0 Oohﬁ E[prﬁ&eér}o ﬁgl%éﬁlotglaogﬁo%uﬁolﬁfaa{ %aﬁ{ éallsooiirncabt'ilc
skel et ong, OB . FXANRLE & 1Sy hesis fnqhenolo resid (A4 s,

In a flask provided with a therrometer, a cooling tube, a

fracti ongtd N0 &OlWGh h NidT cgedtgascdl etint yheriandad, th84epoxy
stirrer, 100.0 g (1.00 nol) of bisphenol F (manufactured by DIC

Cor por atddfl.vaisrit yi O99%e b HI00. h G ofaried hyd Jod yokef ang were
charged under nitrogen gas purging and then heated to 115C. After
heat i ng,becaniod we eord lalaningndiziilray of s instdnde issabutgilddeet one and
126.1 g (0.71 nol) of 1- chloronethyl napht hal ene was added dropw se
at 115C mpairstarhmurand Thiearsa e tadrkagquentt gpenatadprasivuat Beahpl e |
was performed to produce phenol resin (A-3). The resultant phenol
resi n hakeelloftterdtalgps mitdf aRERE & R afettod)compaasitian scosity
of 0.5 dPa.s (neasurenent nmethod: |ICl visconeter nethod, mneasurenent
t enper atif1e:81150C), and a hydroxyl equival ent of 200 g/eq. Fig. 5
shows a GPO chart of the phenol resin (A-3). In_addition, the ratio
of the total FREHHET o ¥R REApRCHF 1GIPeQysdndsd ape reltaLipacyo aRe
total nunber of 100 of phenoli¢ hydroxyl group-containing aromatic

skel et 0RO TS | “EHRANPIEEY Y nthedPs bPSpRerdFereli f FRras product,
the ratio of total number of the glycidyloxy group-

containing aromatic hydrocarbon group (Epl) present is
preferably in a range of 10 to 200 relative to the total

number of 100 of the glycidyloxy group-containing aromatic



In a flask provided with a thernmoneter, a nitrogen gas inlet tube,
and a stirrer, 59.0 g of the phenol resin (A-3) produced in Exanple 3
and 41.0 g of bisphenol F (manufactured by DI C Corporation, purity
99. 0% were charged under nitrogen gas purging and then m xed by
over-heating at 120C for 1 hour to produce phenol resin (A-4). The
resul tant phenol resin had a softening point of 57C (B & R - 95 -
met hod), a nelt viscosity of 0.2 dPa.82(measurenent nethod: |Cl

vi scomet er nmet hod, neasurenent tenperature: 150C), and a hydroxyl

equi val ent of 142 g/eq. Fig. 6 shows a GPC chart of the phenol resin.
I'n addi thgicoddendmtd o (HE] il tyndies fpiet ynddaapht gyﬂow%@s

was 30 relative to the total nunber of 100 of phenol i ¢ hydr oxyl

gr oup- C ol teth 1y T1ge e OIed it ®us kel e tans . g 1 P8R} 1 EXAM IS d o hesig  of
phenol resin (A-5)] In a flask provided with a thernoneter, a
cool i ng dxdyest ic fiadtooneEdomgymipMEPpA) ni inogertdas liam, ett hieulbe: iand
a stirrer, 35.0 g of the phenol resin (A-3) produced in Exanple 3 and
65.0 g afs hspferabl F {hemuflEtd urredrlgw DI Qo poirgtt icifequrafty 99. 0%
wer e charged under nitrogen gas purging and then m xed by

over - heatnpipatnd 20¢ #lor 1 1t houro kdniprloduce phiestolreesisi(tRB)e The
resul tant phenol resin had a softening point of 52C (B & R nethod), a
mel t vi seosialyi bftin. 12Pal e faresia ety mabdis |10 & ixawretar 20

met hod, neasurenent tenperature: 150C), and a hydroxyl equival ent of
121 g/ eqto RY ey o Fe el lomt e RIFRFE £ s i imya-5)91ass
addition, the ratio of the total, nunber of nethyl napht hyl, groups was
15 rel atTURP YR TheAT Dt MKt Tobl &F %cﬁ% S

group-cont ai ning. aromgti c, skel et on 0183] COVPARATI VE
EAVPLE SOTRSSH il (gt f;lr%@oq SR GRS 108 A o P A % 3
Pat ent ther ure Iask prov ded WL%Q a t.her.monet er

a,.f
cool i ng cflifbee arqq%% i JHaql?‘?Fg acd(ﬂ et R edand
a sti ”%31% Jsﬁlcesﬂror# %%chlsaoﬁ eers'lne %Vﬂﬂﬂzde gkt 82&@9&3& nt 86C
9 un ni

and 0.5 uenes oni c aC| Wer'e charge trSgen T gas

pur gi ng enzy mf%ﬂ%c? rLOa ]r%qg_je E(}e(?o 136 ¢ (lt}{g)lrn}oggﬁ:ure

p- nethyl er was a dropw se ove ours. During

reacti Or\_«eéf‘s@caq{@%&ﬂ JBidanole svas LH&d 14d 6 f fi i dvagy out si de of

the system and the reaction was termnated after aging at the same
tenperatuye dor 5 hours. Then, gas was renoved under reduced pressure
with an aspirator to produce a phenol resin. The resultant phenol

resin A-6 hadha sgbikeniregipoi(al')oka9lEe( Br&dicret bgdh, paorelt ion
viscosity of 3.1 dPa.s (neasurenent nethod: |1C visconeter nethod,
measur enthde npeyatibel itbAMetaidndel dw.dr Tyt egui vakenttbbdlfédr
g/ eq. [0184]
producing the epoxy resin (A') is, for example, the method
of producing the phenol resin in the heat-curable resin
composition (I) according to the above-described method and
then reacting the phenol resin with epichlorohydrin.
Specifically, the method includes adding 2 to 10 moles of
epichlorohydrin per mole of phenolic hydroxyl group in the
phenol resin and then performing reaction for 0.5 to 10

hours at a temperature of 20°C to 120°C while collectively

or gradually adding 0.9 to 2.0 meoles of a basic catalyst per



COVPARATI VE EXAMPLE 2 [ Synt hesis of phenol resin (A-7): phenol resin
described in Patent Literature 2] In a flask provided with a
thernoneter, a cooling tube, a fractionating colum, a nitrogen gas
inlet tube, and a stirrer, 192 g of 1, 6-naphthal enediol, 81 g of

di chl oronet hyl napht hal ene (95.6% of 1, 5-di chl oronet hyl conpound,
3.0% of other dichloronethyl conpounds, 1.4%of - 97 -
monochl or omret hyl conpound), and 550~g®8f ~tol uene were charged under
nitrogen gas purging and then slowy heated under stirring to forma
solution, directly followed by reaction for 2 hours under reflux at
about 138G e Thermphdhel {EMPRIAIHFE dRs b NCheased stie E8RG1RIL! aatobeene
was distilled off, directly followed by reaction for 1 hour. After

t he reacidea,ad heigpdventsypsd remveddedistddladiean undenh keduced
pressure to produce a phenol resin. The resultant phenol resin A7
had a hydfuesots espiwviad @ntiofuddd], gites,metisad ten) Nge pRiantirofwhlidAC (R &
R nmethod), and a nelt viscosity of 20.1 dPa.s (neasurenent nethod:

| CI vi scometers net hodi onreias wrenentudweiperadded,: @b Gatfdd 85]d EXAMPLE
6 [ Synthesis of epoxy resin (E-1)] In a flask provided with a

t her monetreirch lo dyloppi iny fuenednt isnwood inglisibie, lehd & sfiramr ethe 173 g
(hydroxyl group: 1 equivalent) of the phenol resin (A-1) produced in
Exanpl e readsidpry niistoirmlyndsgr gpgdiitast amairdure 189 npwfalnlteamine and
2 g of tetraethyl benzyl annoni um chl ori de were charged under nitrogen
gas pur gity fWr iPredpaiea et sulafie b Ahady waier dsulteamvesbl @idhn was
heated to 65C, the pressure was reduced to azeotropic pressure, and
90 g (1.8PIRIHOTAR UGy, Ry RBUSIRBH UM R Base Solthe diramdsi ddded
dropwi se over 5 hours. Then, stirring was continued for 0.5 hour
under t -3 conditions. During reaction under - 98 - stirring,

t he azeo[\tl%ozgjr]c distillate was separated with a Dean and Stark trap,
and the | ayer was renoved, while the oil |ayer was returned to
the reacti onIsy§ em Then, ynreact ed.e icgl ar, ohédri n_was renoved by

di stillation under rcggt?cé)é 6Pessurré.alT EOPES TRt "EFude epoxy resin

di . 1. A A . f
- but andl R PP b s SR S St Gton
was added- 48, dehigy s itd e f Bl qee%qxp,y Hlﬁa%tcg}%ggsteéﬁ%&‘ YatHRQUr S.

Then, water washi ng was repeated times wt wat er” each

until thePRHBICHING IR S Q0 BecaMB ReUARle Mdbidde

reaction systemwas aZeotropically dehydrated, and after

m crof i ldrcatican.id ety Wasndinddd hiieth ofdw wideh radiged by essur e
to produce 218 g of epoxy resin (E-1). The resultant epoxy resin had
a sof t e”idrg epgigidicfg &3C A BohRirrtiked)Losds M8 tthd seesitivrmf Snl
dPa. s (nmeasurenent nethod: |1Cl visconeter method, neasurenent

t enper attlries cHFR(Q) ,thancdmarcdpooh velpuiny aloenta iofs 26 uy/ied.ed Q36ved
Fig. 8 shows a GPC chart of the epoxy resin (E-1), Fig. 9 shows a
13C- NVR fotrar ttheangaéitg.onl,0 skiws sa gy csipkedt, r wpil ciie quhgsirice aofd a

met hyl napht hyl group corresponding to the general fornmula (1) was
conf i r medtey t Bey arvalaysics sdliveaddi titon, The epticbloftohidrint akedumber
of met hyl napht hyl groups was 50 relative to the total nunmber of 100

of - 9qat particularly limited but, for example, epichlorohydrin,
epibromohydrin, B-methylepichlorohydrin, or the like can be
used. In particular, epichlorohydrin is preferred because
of easily industrial availability.

[0121]

Examples of the basic catalyst include alkaline-earth



gl yci dyl group-containing aromati c hydrocarbon groups. [0187] EXAMPLE
7 [Synthesis of epoxy resin (E-2)] Epoxi dati on reaction was
performed by the sane nethod as in Exanple 6 except that the phenol
resin (A-1) used in Exanple 6 was changed to 180 g (hydroxyl group: 1
equi val ent) of the phenol resin (A-2) produced in Exanple 2, thereby
produci ng epoxy resin (E-2). The resul%ant epoxy resin had a
softening point of 56C (B & R net ho(:l),6 a nelt viscosity of 0.5 dPa.s
(measurenment method: |1Cl visconeter nethod, neasurenent tenperature:
150C), and an epoxy equi val ent of 268 g/eq. Fig. 11 shows a GPC chart
of the epotyl rliesdrofEey, dbkaddimeton] ddwbdradties ofaleli aiatta Nunber
of net hyl napht hyl groups was 56 relative to the total nunber of 100
of gl ycildydrapiodgs contdi thagl Bromatlinc daydriecdrbon igr oups. df0188]
EXAMPLE 8 [ Synthesis of epoxy resin (E-3)] Epoxi dati on reaction
was per fererdldyt tdmt shyel aret ¢lotl by | fobeppte GeeXxcepnitiedis he
phenol resin (A-1) used in Exanple 6 was changed to 200 g (hydroxyl
group: Irespiien em) kbl tihet phdnoirewkdes ( AQ) pratuked edBranpl e 3,
t hereby producing epoxy resin (E-3)., The resultant epoxy resin had a
sof t eni My Portdef BEC B RYRIN6HS, 2RI thsiStesi t3r o mRumd s
(nmeasurenment nethod: I Cl visconeter - 100 - nethod, neasurenent

t enper atthe BHIHS L GrkR B ¥Hoxds eifitfYal Enthaf 2R Ugpddn fike form
showsaGPOc rt of . the epo resin ( In additionp,_the ratio of
the totdl® rfunpertdf Wetdis g?%ﬁ'b ML P R Py t e

B(r)'ézjlpsnuncgg of 100 C}E rga%/m dyI tg?rourgf cont ai n| n arri)tréa‘%ri: lh Cdl[eoacsaer bon
Epoxi dat j,on reac:on per f b th S in_Ex le 6
qp% % é V§%§ Sf %&rﬁ% Vs F ?ﬁﬁ eéa Exa g&FS

except tha e P eno I’ESI n use was ‘change

142 f
prodaced s M Er Tharaty pro: u%é.)ngﬁ%ﬁoa?%e ol 4‘§‘ﬁa?%ley
resul tarltl RAXY ‘Jc‘?s']{bﬂ%je% JRIE 4 SEAS e OfmdkHy dR& 15y £ent

met hod: TCl™ vi sconet er od, neasurenent terrperature 150C and an

epoxy eqfyalnt] Ofe 2251 Hrest s Fingn 1 Showsa o IGPQ N d 1 ofllﬁ%@aoxy

resin (E-4). In addition, the ratio of the total nunber

et hyl nmm&ntil,grmw 0 et ve-pecdre b cg@dormawrbﬁan&q of
gl yci dyl group-containing aromati c hydrocarbon groups. [0190] EXAMPLE

10 [ Syntihesiisnf wpoxyolesand (thd)like; cdpmddatd OnsudEacid o ivasl

performed by the same nethod as in Exanple 6 except that the phenol

resin (Ad)lasedra n dbdanipl e 6l veasl wharget] thee 12ikey (dbidroxydudgr aup: 1
tetrahydreofuran, 1,4-dioxane, 1,3-dioxane, diethoxyethane,
and the like; and aprotic polar solvents such as
acetonitrile, dimethylsulfoxide, dimethylformamide, and the
like. These organic solvents may be used alone or in
compination of two or more in order to adjust polarity.
[0122]

The product of the epoxidation reaction is washed with

water and then unreacted epichlorohydrin and the solvent

used are distilled off by distillation under heating and

reduced pressure. Further, in order to produce the epoxy



- 101 - equivalent) of the phenol resin (A-5) produced in Exanple 5,

t her eby producing epoxy resin (E-5). The resultant epoxy resin had an
epoxy equi val ent of 201 g/eq. Fig. 14 shows a GPO chart of the epoxy
resin (E-5). In addition, the ratio of the total nunber- of

met hyl napht hyl groups was 15 relative to the total nunber of 100 of

gl yci dyl group-containing aromatic hyggogarbon groups. [0191]
COVPARATI VE EXAMPLE 3 [ Synthesis of epdoxy resin (E-6): phenol resin
described in Patent Literature 1] In a flask provided with a

t hernoneter, a cooling tube, a fractionating colum, a nitrogen gas
inlet tubesimncbrtatningrlidtle ghpdrehezphbndialesim, (HeS)rosodired
in Conparative Exanple 1 and 555 g (6 nol) of epichlorohydrin were

pl aced gRIRXY pLRHLMACIN the Mz byl g3l ed eardregrniGGoTvem; 105
g (1.05 nol) of a 40% aqueous sodi um hydroxi de sol uti on was added

dr opwi seSHQN t&e Febuthant MATFRYLr &sePBEYA Ketipse. DBeLhy Lt R&haddiketons,
the reaction tenperature was kept at 100C or nore, and the

azeot roptEatty Hikei |3 FpiELOhyIR AR Petdnt mebka bt thetdkact i on
system through a Dean and Stark water separator whjle water was

renoved BRTGF TheS&y/st2tn S+ ER R¥Er T PGS THE dhiEoRrst $odi Um
Lgar ded A TS G oS (AT | S (B COT A Tom OF S
i or edP Y, ol eic SeRnt Tl Bt n SAS 1oL | SR BT om € e
filtrate yndes, fediged pressy e?Er?eP,r Oéié’P%eegﬁ‘%rc"rfAéP éﬁ%'pﬁ%ﬁ%%e, .

resul t ant epoxy resin had a softening poi

e S 8 g dfe. S dopastTEtEDt RROd ol ChatkssomELar

met hod, measurenment 1enperature: an epoxy equival ent of

251 of 0o {0190 CONARATIAME. RNNELE dr [ YOGS So01; SRR ALY in

(E-7): phenol” resin described In Patent Literature

flask provigesdt vty a therampetey nas£oading dahes hd rasdipnatd ng
columm, a nitrogen gas inlet tube, and a stirrer, 100 g of the phenol

resin (Ardod pr editeed tihe Cofpalatione ofXalc® idn,81Rel pgodfuced salt
epi chl orohydrin, and 162.4 g of diglynme were charged under nitrogen
gas pur giarg,beanttntdvay] dfy af 18% agieo Usn ¢ ok tam hyacitoixigle ssod Wi on was
added dropwi se to the resultant m xture at 60C over 4 hours under
reduced grlessur esyctbod tI@0uaermdHg)r nmixirhng 1dwowdddi theomndg hsamprisduced
wat er was renoved out of the system by azeotropy wi th epichlorohydrin
whi | e t il siziebtgdpifthlby lhasting ethdpi cheduasty drias waze ey wrethiao
the reaction system After the addition, the reaction was further
cont i nuedh g GEPARhoEs1Then:h dpiBhIwtoHyr i n and di gl yme were
distilled off under reduced pressure, the residue was dissolved in
348.1 g ¥4k hyl isobutyl ketone, and then the produced salt was

In the heat-curable resin composition (II) of the
present invention, the epoxy resin (A') produced by the
production method of the present invention may be used alone,
but may be combined with another epoxy resin (a'}) in a range
where the effect of the present invention is not impaired.
When the other epoxy resin (a') is combined, the ratioc of
the epoxy resin (A) of the present invention in the whole of

the epoxy resin components is preferably 30% by mass or more,



- 103 - renoved by filtration. Then, 21 g of a 48% aqueous sodi um
hydr oxi de solution was added to the filtrate, followed by reaction at
80C for 2 hours. After the reaction, filtration and water-washi ng
were perforned, and then nethyl isobutyl ketone as the solvent was
distilled off under reduced pressure to produce epoxy resin (E7).
The resultant epoxy resin had a softening point of 62C (B & R

nmet hod), a nelt viscosity of 1.2 dPa.8®(measurenent nethod: |Cl

vi sconmet er et hod, neasurenent tenperature: 150C), and an epoxy

equi val ent of 175 g/eq. [0193] SYNTHESI S EXAMPLE 1 [ Synt hesi s of
epoxy resdiciduBidiy 40% B madd ask fy@vi ded with a thernoneter, a
cooling tube, a fractionating colum, a nitrogen gas inlet tube, and
a stirrerg128R.4 g (4.00 nol) of o-cresol, 158.2 g (1.00 nol) of

2- met hoxynapht hal ene, and 179.3 g (formal dehyde 2.45 nol) of a 41
mMass% aqueous sfaamislsdelfy dées altiieirorposyve refsdmged,' )amthi®h0 cgnofbeoxal i1 C
acid was added to the resultant m xture, followed by heating to 100C
and r eactondol ratd QG fiore ghouy sreshiren(A 73.@f g-Hd grmedadethyiderent0i®on
nol) of a 41 nmass% aqueous formal dehyde sol uti on was added dropw se
to the nindlurde oveeriduhorroxthites e erf wlaseuid et ethidythiahlene-type
fractionating colum. After the conpletion of addition, the

t enper ataREXNaEe $ g esed ao 4By ol axhaarh s Jesked oyl thirg Her7-
reaction_ at 150C for 2 hours. After the completion - 104 - of

react i orfli AB00L ¢y W mRATAN Y WdkithA et one mbis furt her added, and the

m xture was transferred tqQ a separating funnel and washed wi th water.

After wet LY TR XRAP TN o ed Anitd +Y S WaemiaR) Wt dmedHsisty
neutral it nr eact ed ,0- cr.esol. and 2- net hoxynapht hal ene and t hyl

| sobut y13 okt WY PRI GO G Torfert by Sy dhder
e e IS Tl S T i e
fl ask provjde j r , i I j t ube,
andsa gtr}o\r/‘}roglrafic ‘%ﬂ&g}? {%lﬁ%%raosﬁﬁe d;latr}?)v‘;aﬂtiergr}f)epoo%}f%gégrlg%’dl ;Jant
henol resj . . i ghi i, k33 - but anol ,
g_nd 29 Cgféslf%e]t %%y%%e%%@a%%ﬁﬁ gtﬂlgg{l ecglwe%le charagzeggpudr}( er

nitrogen gas, Purg Ng- 10 HARA K- %p%ﬁl}‘tﬁé&“insﬁf th‘?irpﬁé]ﬂ/lr e dam

solution was heated to 65C, the pressure was reduced to azeotropic

pressur &pdnf 20 thd 1. dagidno 10fprae Yo aguamise st WBJHIHO Ky

sol uti on was added cfropvvi se over 5 hours. Then, stirring was
cont i nuag§iafs ,0.rfadrodHo Wlessd e sain ot d irso 1 drd gtk yf eradiirgy)

under stirring, the azeotropic distillate was separated with a Dean
and St ardad rtaps laikk  heposet efe d iayerhaneing enmowvedin whirthestidree oid wWaysr
was returned to the reaction system Then, unreacted epichl orohydrin
was rena e tho:dirstpitltetlieare wideretreeduicebondelD3 e an aromatic
nucleus of any one of these novolac epoxy resins through a
methylene group and epoxy resins having a resin structure in
which a methoxyphenyl skeleton is bonded to an aromatic
nucleus of any one of these novolac epoxy resins through a
methylene group; phenol aralkyl-type epoxy resins
represented by the following structural formula Bl:

{0125]

[Chem. 29]



pressure. The resultant crude epoxy resin was dissolved by addi ng 590
g of nethyl isobutyl ketone and 177 g of nbutanol. Further, 10 g of a
10% aqueous sodi um hydroxi de sol ution was added to the sol ution,

foll owed by reaction at 80C for 2 hours. Then, water washi ng was
repeated 3 tinmes with 150 g of water until the pH of the washing

sol ution becanme neutral. Next, the [eggtLon system was azeotropically
dehydrated, and after mcrofiltration, the solvent was distilled off
under reduced pressure to produce epoxy resin (E-8). The resultant
epoxy resin had a nmelt viscosity of 0.8 dPa.s (neasurenent mnethod:

I Cl viscogeter nethod, neasixenent tenperatur/d, 150C) and an epoxy
equi val en ?f 250 g/eqg. [O EXAMPLES 11 té&91 and COVPARATI VE
EXAMPLES 57to 8 [0196] he epoxy resins dsed were the
above-des@ribed (E-1) tof(E8), "YX-4000M' (®Qetranethyl bi phenol epoxy

resin, e y equjxal ent: g/ eq) nuf &ct d by Japan_Epoxy Resin
DR,
ppon Kayaku

Co., Ltdl Z*“N& (- Clbi sin, epoxy 'equival ent:
274 g/ eq)manuf actur ed ., Ltd., "NGC 2000L" (phenol
aral kyl epoxy resin, epoxy equivalent: 286'g/eq) manufactured by

Ni ppon Kayaku Co., Ltd., and "N 655-EXP-S" (ortho-cresol novol ac
epoxy resin, epoxy equivalent: 200 g/eq) manufactured by DI C
Corporation. - 106 - The phenol resins used were the above-descri bed

(A1) to . "TD-2131" V. , in, ' t:
104 g/ eqséﬁ%ﬁ%cﬁ%d& bryé%]%]%r}%r%?gln% %&E@{\g&%ﬁﬂen(g%aﬁﬁl’
resin, | vial : 2 fgggg Vs (S :
Chem capis/égr?er?zél %y%ﬂ%%%}égsrs@é%g‘% phenyl %ﬂﬁfg%)brteﬂgi njﬁjlhlyodﬁlo&%/l
equi val et +,200- 01 eg) i feet ured by Meiwa Plastic Industries, Ltd.
The curing accel erator used was triphenyl phosphine (TPP), the flanme
retardanggiased were magnesi um hydroxi de ("Ecomag Z-10" nmanuf actured
by Air Water Inc.) and al um num hydroxi de ("CL-303" manufactured by
Sumi t ono[ ¢Cteemd c®3] Co., Ltd.), the inorganic filler used was spherica
silica ("FB-560" manufactured by Denki Kagaku Kogyo K K.), and the

\=)

silane co i ng agent used was yghyci doxytri et ysi | ane (" KBM 403"
manuf act uke® by ShinEtsu Chenical-€o.,). Furthgr?2 carnauba wax

(" PEARL No. 1-P" manufacturedyby Cerarica a Co., Ltd.) and
carbon bl &k were used. Thg¢se cooponents wene m xed according to each
of the co itio hown } es 1 ang\ Wl t - kneaded with two
rolls at # Lgnpds e Chit f gr @l LT qeceby prepari B an

i nt ende osition. The tant conpositfon ggﬁ ground and then
nol ded i a di sk shape o mmx 3 (t) fect angul ar shape
of 12.7 mmwi dth x 127 mmlength x 1.6 mmthickness using a transfer
nol di ng machine for a tine of 180 seconds at a pressure of 70 kg/cn®,
a ram speed of 5 cnisec, and a tenperature of - 107 - 175C. The

| ded : f ; / t t
he. phyol Eat Hrbas 11 o e TR A ot 4 T o e Yad Tt red
from the, Pr s e 4d é?{téﬂ)lk%&% ﬂ%é)yfﬁlwi%d_ descri bed

|

bel ow, and he resi stance, a coefficient near expansion,

adhesi ony+ MRUSIALE F&shstanee and sol der resistance, and flane
retardancy were neasured by nethods described bel ow. The results are
shown in“ingps 1 and 2. A test piece for adhesion was forned by
transfer-nol ding a rectangul ar shape of 12.7 nmw dth x 127 mm | ength
x 1.6 mmdHemgkmnEss using a nold in which a copper foil (manufactured
by Furukawa Circuit Foil Co., Ltd., thickness 35 1Am GIS-M° treated
shine surface used as a bonded surface with the resin conposition)
was pl aced on one of the surfaces, and then further curing at 180C
for 5 hours. [0197] <Curability> First, 0.15 g of each epoxy
resin conposition was placed on a cure plate (nmanufactured by Therno



- 108 - <Heat resistance> G ass transition tenperature:
measured using a viscoelasticity neasuring device (solid

vi scoel asticity measuring device "RSA Il" manufactured by Rheonetrics
Co.), double cantilever method; frequency 1 Hz, heating rate 3C/ nin).
<Coefficient of |inear expansion> The cured product was forned

into a test piece of about 5 M in width and about 5 nmin |length and
subj ected to conpressi on-node t her nal Aechani cal anal ysis using a

t hermal nechani cal anal yzer (TMA: "SS-6100" neasured by Sei ko
Instrunents Co., Ltd.). At the second neasurenent (neasurenent | oad:
30 M\, he¥ing rate: 3 Cmn (t times), neasurenent nper at ure
range: -5 to 250C), a coeffici of linear expansi At 50C was
measur ed. “Adhesi on> The curyed product was formed ynto a test
piece of 40 mmin width and pgelostrength was neajured@at a speed of

50 nm m n)_ <Moi s e resistarfce and solder i stahce> The
di sk-sh t;gcQ X23H( subi tB3nDi sture
absorpti treat Mt By bein wed stamd in pspher e of

85C and 85% RH for 168 hours,\and then imersed i@ a sol der bath of
260C for 10 seconds to exani ne the occurrence of a crack. - 109 -
Good: No occurrence of crack Poor: COccurrence of crack

(wherein n is a repeat unit and is an integer of 0 or more),
and novolac epoxy resins each having arcmatic methylene as a
bridging group and represented by the following structural
formula B4:

[0128]

[Chem. 32]
0 Qo Qo
o o o
| =—cH A\—CH 2N B4
2 A Y BN
X X n

(wherein X represents a phenyl group or a biphenyl group,
and n is a repeat unit and is an integer of 0 or more):
epoxy resins having a resin structure in which a
methoxynaphthalene skeleton is bonded to an aromatic nucleus
of any one of these aralkyl-type epoxy resins through a
methylene group, and epoxy resins having a resin structure

in which a methoxyphenyl skeleton is bonded to an aromatic



<Fl ame ret ardancy> A conbustion test was conducted using five
eval uation test pieces of 12.7 mmin wdth, 127 nmin length, and 1.6

mmin thickness according to the UL-94 test nethod. *1: Total
flam ng conbustion tine (second) of five test pieces *2:
Maxi mum fl am ng conbustion tinme (second) at each tinme of flane
application [0198] - 110 - [Table 1]6gnprThE1e 21 13171

nucleus of any one of these aralkyl-type epoxy resins

through a methylene group; and other epoxy resins such as
tetramethylbiphenyl epoxy resins, triphenylmethane epoxy
resins, tetraphenylethane epoxy resins, and

dicyclopentadiene phenol addition reaction-type epoxy resins.
These epoxy resins may be used alone or as a mixture or two
or more,

[0129]

Among these, naphthalene-based epoxy resins, naphthol
novolac epoxy resins, phencl aralkyl epoxy resins, biphenyl
epoxy resins, alkoxy group-containing novolac epoxy resins,
and alkoxy group-containing aralkyl epoxy resins are
preferred in view of excellent flame retardancy and
dielectric characteristics.

[0130]

As the curing agent (B') used in the heat-curable resin
composition (II) of the present invention, various known
curing agents for epoxy resins, for example, an amine
compound, an amide compound, an acid anhydride compound, a
phenol compound, and the like, can be used. Examples of the
amine compound diaminodiphenylmethane, diethylene triamine,
triethylene tetramine, diaminodiphenylsulfone, isophorone
diamine, imidazole, BF;—-amine complex, guanidine derivatives,
and the like. Examples of the amide compound include

dicyandiamide, polyamide resins synthesized from linclenic
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acid dimer and ethylenediamine, and the like. Examples of
the acid anhydride compound include phthalic anhydride,
trimellitic anhydride, pyromellitic anhydride, maleic
anhydride, tetrahydrophthalic anhydride,
methyltetrahydrophthalic anhydride, methylnadic anhydride,
hexahydrophthalic anhydride, methylhexahydrophthalic
anhydride, and the like. Examples of the phenol compound
include novolac resins such as phenol noveolac resins, cresol
novolac resins, naphthol novolac resins, naphthol-phenol co-
condensed novolac resins, naphthol-crescl co-condensed
novolac resins, and the like; methoxy aromatic structure-
containing phencl resins such as phencl resins having a
resin structure in which a methoxynaphthalene skeleton is
bonded to an arcomatic nucleus of any cne of these novelac
resins through a methylene group, phencl resins having a
resin structure in which a methoxyphenyl skeleton is bonded
to an aromatic nucleus of any one of these novolac resins
through a methylene group, and the like; aralkyl-type phenol
resins such as phencl aralkyl resins represented by the
following structural formula:

[0131]

[Chem. 33]
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(wherein n is a repeat unit and is an integer of 0 or more),

naphthol aralkyl resins represented by the following

structural formula:
[0132]

[Chem. 34]

Pﬂi OH HO
| :'\—-CHz—@—CHZ /i/ -’—CHZ—<C>—CH2 ":\:

(wherein n is a repeat unit and is an integer of 0 or more},

biphenyl-modified phenol resins represented by the following

structural formula:
[0133]

[Chem. 35]

OH
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{wherein n is a repeat unit and is an integer of 0 or more),
biphenyl-modified naphthol resins represented by the
follewing structural formula:

[0134]

[Chem. 36]

{(wherein n is a repeat unit and is an integer of 0 or more),
and the like; phenol resins having a resin structure in
which a methoxynaphthalene skeleton is bonded to an aromatic
nucleus of any one of these aralkyl-type phenol resins
through a methylene group, and phenol resins having a resin
structure in which a methoxyphenyl skeleton is bonded to an
aromatic nucleus of any one of these aralkyl-type phenol
resins through a methylene group; novolac resins each
containing aromatic methylene as a bridging group and
represented by the following structural formula:

[0135]

[Chem. 37]
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(wherein X represents a phenyl group or a biphenyl group,
and n is a repeat unit and is an integer of 0 or more); and
polyhydric phencl compounds such as trimethylolmethane
resins, tetraphenylolethane resins, dicyclopentadiene phenol
addition-type phenol resins, aminotriazine-modified phencl
resins (polyhydric phenol compounds each containing phencl
nuclei connected to each other with melamine or
benzogquanamine), and the like.

[0136]

Among these, a resin containing many aromatic skeletons
in its molecular structure is preferred from the viewpoint
of the flame retardant effect. Examples thereof which are
preferred in view of excellent flame retardancy include
phenol novolac resins, cresol novolac resins, novolac resins
having aromatic methylene as a bridging group, phenol
aralkyl resins, naphthol aralkyl resins, naphthol noveclac
resins, naphthol-phenol co-condensed novolac resins,
naphthol-cresol co-condensed novelac resins, biphenyl-
modified phenol resins, biphenyl-modified naphthol resins,

methoxy aromatic structure-containing phenol resins, and
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aminotriazine-modified phenol resins. In addition, in order
to improve fluidity, it is preferred to use the resin
together with dihydroxyphenol such as resorcin, catechol,
hydroguinone, or the like, bisphenol such as bisphenol F,
bisphenol A, or the like, or dihydroxynaphthalene such as

2, 7-dihydroxynaphthalene, 1,6-dihydroxynaphthalene, or the
like.

[0137]

However, in the present invention, the phenol resin (B)
used in the heat-curable resin composition (I) is
particularly preferred from the viewpoint of the significant
effect of improving heat resistance and moisture resistance
and solder resistance. Further, from the viewpoint of
excellent moisture resistance and solder resistance and
flame retardancy, the phenol resin preferably has a
structure in which the phenolic hydroxyl group-containing
aromatic skeleton (Phl} having the naphthylmethyl group or
anthrylmethyl group in the arcmatic nucleus is represented
by the formula Phl-14, Phl-15, Phl-20, or Phl-22, the
phenclic hydroxyl group-containing aromatic skeleton (Ph2)
not having the naphthylmethyl group or anthrylmethyl group
in the aromatic nucleus is represented by the formula Ph2-1
or PhZ2-4, and the methylene bridging grcoup (X) is
represented by the structural formula X1, X2, or X5.

[0138]
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The amounts of the epoxy resin (A') and the curing
agent (B') mixed in the heat-curable resin composition (II)
of the present invention are not particularly limited, but
are preferably such that the amount of active group in the
curing agent (B') is 0.7 to 1.5 equivalents relative to a
total of 1 equivalent of epoxy groups in the epoxy resin
including the epoxy resin (A') from the viewpcint of good
physical properties of the resultant cured product.

[0139]

If required, the heat-curable resin composition {(II) of
the present inventicn may be properly further combined with
a curing accelerator. As the curing accelerator, various
compounds can be used and, for example, a phosphorus-base
compound, a tertiary amine, imidazole, an organic acid metal
salt, a Lewis acid, an amine complex sait, and the like ca
be used. In particular, in application to a semiconductor
encapsulating material, from the viewpoint of excellent
curability, heat resistance, electric characteristics,
moisture-resistance reliability, etc, triphenylphosphine is
preferred as the phosphorus-~base compound, and 1,8~
diazabicyclo-[5.4.0]-undecene (DBU) is preferred as the
tertiary amine.

[0140]
In the heat-curable resin compositions (I) and (II)

detailed above, the phenol resin (B) in the heat-curable
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resin composition {(I) and the epoxy resin (A') in the heat-
curable resin composition (II) have the excellent effect of
imparting flame retardancy, and thus a cure product has good
flame retardancy even if not mixed with a flame retardant in
common use. However, in order to exhibit higher flame
retardancy, for example, in the field of semiconductor
encapsulating materials, a non-halogen flame retardant (C)
containing substantially no halogen atom may be mixed within
a range where moldability in an encapsulation step and
reliability of a semiconductor device are not degraded.
[0141]

Although the heat-curable resin composition containing
the non-halogen flame retardant (C) contains substantially
no halogen atom, the resin composition may contain halogen
atoms due to trace amounts of impurities at about 5000 ppm
or less which are derived from, for example, epichlorochydrin
contained in the epoxy resin.

[0142]

Examples of the non-halogen flame retardant (C) include
a phosphorus-kased flame retardant, a nitrogen-based flame
retardant, a silicone-based flame retardant, an inorganic
flame retardant, an organic metal salt-based flame retardant,
and the like. Use of these flame retardants is not
particularly limited, and they may be used alone or in

combinaticen of a plurality of flame retardants of the same
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type or different types.
(0143]

As the phosphorus-based flame retardant, either an
inorganic type or an organic type can be used. Examples of
an inorganic compound include red phosphorus; ammonium
phosphates such as monoammonium phosphate, diammonium
phosphate, triammonium phosphate, ammonium polyphcosphate,
and the like; and inorganic nitrogen-containing phosphorus
compounds such as phosphoric amide, and the like.

[0144]

The red phosphorus is preferably surface-treated for
preventing hydrolysis or the like. Examples of a surface
treatment method include (i) a method of coating with an
inorganic compound such as magnesium hydroxide, aluminum
hydroxide, zinc hydroxide, titanium hydroxide, bismuth oxide,
bismuth hydroxide, bismuth nitrate, or a mixture thereof,
{(ii) a method of coating with a mixture of an inorganic
compound, such as magnesium hydroxide, aluminum hydroxide,
zinc hydroxide, or titanium hydroxide, and a thermosetting
resin, such as a phencl resin, (iii) a doubly coating method
of coating with a film of an inorganic compound such as
magnesium hydroxide, aluminum hydroxide, zinc hydroxide, or
titanium hydroxide, and coating the film with a
thermosetting resin such as a phenol resin, and the like.

[0145]
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Examples of the organic phosphorus compound include
general-purpose organic phosphorus compounds such as
phosphate compounds, phosphonic acid compounds, phosphinic
acid compounds, phosphine oxide compounds, phospholan
compounds, organic nitrogen-containing phosphorus compounds,
and the like; cyclic organic phosphorus compounds such as
9,10-dihydro-9-oxa-10-phosphaphenanthrene=10-oxide, 10-(2,5-
dihydroxyphenyl)-10H-9-oxa-10-phosphaphenanthrene=10-oxide,
10-(2,7-dihydroxynaphthyl) -10H-9-0xa-10-
phosphaphenanthrene=10-oxide, and the like; and derivatives
produced by reaction of the phosphorus compounds with a
compound such as an epoxy resin, a phenol resin, or the like.
[0146] |

The mixing amount is appropriately selected according
to the type of the phosphorus-based flame retardant, the
other components of the heat-curable resin composition, and
the desired degree of flame retardancy. For example, when
red phosphorus is used as the non-halogen flame retardant,
the flame retardant is preferably mixed in a rage of 0.1 to
2.0 parts by mass in 100 parts by mass of the heat-curable
resin composition containing all of the epoxy resin, the
curing agent, the non-halcgen flame retardant, filler, and
the other additives. Similarly, when the organic phosphorus
compound is used, it is preferably mixed in a range of 0.1

to 10.0 parts by mass, particularly preferably in a range of
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0.5 to 6.0 parts by mass.
[0147]

When the phosphorus-based flame retardant is used, the
phosphorus-based flame retardant may be combined with
hydrotalcite, magnesium hydroxide, a boron compound,
zirconium oxide, a black dye, calcium carbonate, zecolite,
zinc molybdate, activated carbon, or the like.

(0148]

Examples of the nitrogen-based flame retardant include
triazine compounds, cyanuric acid compounds, isocyanuric
acid compounds, phenothiazine, and the like, and the
triazine compounds, the cyanuric acid compounds, and the
isocyanuric acid compounds are preferred.

[0149]

Examples of the triazine compounds include melamine,
acetoguanamine, benzoguanamine, melon, melam,
succinoguanamine, ethylenedimelamine, melamine polyphosphate,
triguanamine, and other compounds such as (i) aminotriazine
sulfate compecunds such as guanylmelamine sulfate, melem
sulfate, melam sulfate, and the like; (11) co-condensates of
phenols, such as phenol, cresol, xylenol, butylphenol, and
nonylphencol, with melamines, such as melamine,
benzoguanamine, acetoguanamine, and formguanamine, and
formaldehyde; (iii) mixtures of the co-condensates (ii) and

phenol resins such as phenol-formaldehyde condensates; and



099 IPt I W | ocz POOO | O-A | cc IL Exanple 16

_80_

{(iv) the co-condensates (i11i) and the mixtures (iii} further
modified with tung oil, isomerized linseed o0il, or the like.
[0150]

Examples of the cyanuric acid compounds include
cyanuric acid, melamine cyanurate, and the like.

[0151]

The amount of the nitrogen-based flame retardant mixed
is appropriately selected according to the type of the
nitrogen-based flame retardant, the other components of the
heat-curable resin composition, and the desired degree of
flame retardancy. For example, the nitrogen-based flame
retardant is preferably mixed in a range of 0.05 to 10 parts
by mass, particularly preferably in a range of 0.1 to 5
parts by mass, in 100 parts by mass of the heat-curable
resin composition containing all of the epoxy resin, the
curing agent, the non-halcgen flame retardant, filler, and
the other additives.

(0152]

In addition, the nitrogen-based flame retardant may be
used in combination with a metal hydroxide, a molybdenum
compound, or the like.

[0153]

The silicone-based flame retardant is not particularly

limited and can be used as long as it is an organic compound

containing a silicon atom. Examples thereof include
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silicone oil, silicone rubber, silicone resins, and the like.
[0154]

The amount of the silicone-based flame retardant mixed
is appropriately selected according te the type of the
silicone-based flame retardant, the other components of the
heat-curable resin composition, and the desired degree of
flame retardancy. For example, the silicone-based flame
retardant is preferably mixed in a range of 0.05 to 20 parts
by mass in 100 parts by mass of the heat-curable resin
composition containing all of the epoxy resin, the curing
agent, the non-halogen flame retardant, filler, and the
other additives. In addition, the silicone-based flame
retardant may be used in combination with a meolybdenum
compound, alumina, or the like.

[0155]

Examples of the inorganic flame retardant include metal
hydroxides, metal oxides, metal carbonate compounds, metal
powders, boron compounds, low-melting-point glass, and the
like.

[0156]

Examples of the metal hydroxides include aluminum
hydroxide, magnesium hydroxide, dolomite, hydrotalcite,
calcium hydroxide, barium hydroxide, zirconium hydroxide,
and the like.

[0157]
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Examplies of the metal oxides include zinc molybdate,
molybdenum trioxide, zinc stannate, tin oxide, aluminum
oxide, iron oxide, titanium oxide, manganese oxide,
zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide,
bismuth oxide, chromium oxide, nickel oxide, copper oxide,
tungsten oxide, and the like.

[0158]

Examples of the metal carbonate compounds include zinc
carbonate, magnesium carbonate, calcium carbonate, barium
carbonate, basic magnesium carbonate, aluminum carbonate,
iron carbonate, c¢obalt carbonate, titanium carbonate, and
the like.

[0159]

Examples of the metal powders include powders of
aluminum, iron, titanium, manganese, zinc, molybdenum,
cobalt, bismuth, chromium, nickel, copper, tungsten, tin,
and the like.

[0160]

Examples of the boron compounds include zinc borate,
zinc metaborate, barium metaborate, boric acid, borax, and
the like.

[0161]

Examples of the low-melting-point glass include Seaplea

(Bokusui Brown Co., Ltd.), hydrated glass $i0.,-MgO-H;0, and

Pb0O-B;03-based, Zn0O-P;05-MgO-based, P;05-B;03-Pb0-MgO-based, P-
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Sn—-0-F-based, Pb0O-V,05-TeC;-based, Al,03-H.O-based, and lead
borosilicate-based glass compounds.
[0162]

The amount of the inorganic flame retardant mixed is
appropriately selected according to the type of the
inorganic flame retardant, the other components of the heat-
curable resin composition, and the desired degree of flame
retardancy. For example, the inorganic flame retardant is
preferably mixed in a range of 0.05 to 20 parts by mass,
particularly preferably in a range of 0.5 to 15 parts by
mass, in 100 parts by mass of the heat-curable resin
composition containing all of the epoxy resin, the curing
agent, the non-halogen flame retardant, filler, and the
other additives.

[0163]

Examples of the organic metal salt-based flame
retardant include ferrocene, acetylacetonate metal complexes,
organic metal carbonyl compounds, organic cobalt salt
compounds, organic sulfonic acid metal salts, compounds each
having an ionic bond or coordinate bond between a metal atom
and an aromatic compound or hetercocyclic compound, and the
like.

[0164]
The amount of the organic metal salt-based flame

retardant mixed is appropriately selected according to the
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type of the organic metal salt-based flame retardant, the
other components of the heat-curable resin composition, and
the desired degree of flame retardancy. For example, the
organic metal salt-based flame retardant is preferably mixed
in the range of 0.005 to 10 parts by mass in 100 parts by
mass of the heat-curable resin composition containing all of
the epoxy resin, the curing agent, the non-halogen flame
retardant, filler, and the other additives.

[0165]

If required, an inorganic filler can be mixed in the
heat-curable resin composition of the present invention.
Examples of the inorganic filler include fused silica,
crystalline silica, alumina, silicon nitride, aluminum
hydroxide, and the like. When the amount of the inorganic
filler mixed is particularly increased, the fused silica is
preferably used. Although either crushed or spherical fused
silica can be used, the spherical fused silica is preferably
mainly used for increasing the amount of the fused silica
mixed and suppressing an increase in melt viscosity of a
molding material. In order to further increase the amount
of the spherical silica mixed, the grain size distribution
of the spherical silica is preferably properly adjusted.

The filling rate is preferably as high as possible in view
of flame retardancy, and particularly preferably 65% by mass

or more of the whole amount of the heat-curable resin
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composition. In the use for an applicaticn such as a
conductive paste, conductive filler such as a silver powder,
a copper powder, or the like can be used.

(01le6]

If required, various compounding agents such as a
silane coupling agent, a mold release agent, a pigment, an
emulsifier, etc. can be added to the heat-curable resin
composition (I) or (II) of the present invention.

[0167]

The heat-curable resin composition (I) or (II) of the
present inventicon can be produced by uniformly mixing the
above-described components. The heat-curable resin
composition of the present invention can be easily formed
into a cured product by the same as a general known method.
Examples of the cured product include molded cured products
such as a laminate, a cast product, an adhesive layer, a
coating film, a film, and the like.

[0168]

Applications using the heat-curable resin composition
(I} or (II) of the present invention include semiconductor
encapsulating materials, resin compesitions used for
laminates and electronic circuit boards, and the like, resin
casting materials, adhesives, interlayer insulating
materials for build-up substrates, ccating materials such as

insulating coating, and the like. Among these various
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applications, the resin composition can be preferably used
for semiconductor encapsulating materials.
[0169]

In order to prepare the heat-curable resin composition
{(I) or (II) for a semiconductor encapsulating material, the
compenents including a filler may be sufficiently mixed
until the resultant mixture becomes uniform using an
extruder, a kneader, a roll, or the like according to demand,
producing a melt-mixing type heat-curable resin composition.
In this case, silica is generally used as the filler, and
the filler is preferably used at a filling rate of 30% to
95% by mass relative to 100 parts by mass of the heat-
curable resin composition (I) or (II). In particular, the
filling rate is preferably 70 parts by mass or more in order
to improve flame retardancy, moisture resistance, and solder
crack resistance and to decrease the coefficient of linear
expansion, and 80 parts by mass or more in order to
significantly enhance the effect. 1In order to mold a
semiconductor package, there is a method in which the
composition is molded by casting or using a transfer molding
machine or injection molding machine and then heated at 50
to 200°C for 2 to 10 hours, thereby producing a
semiconductor device as a molded product.
[0170]

When the heat-curable resin composition (I) or (II) of
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the present invention is processed into a composition for a
printed circuit boar, for example, a resin composition for a
prepreg can be prepared. The heat-curable resin composition
can be used without using a solvent depending on its
viscosity, but a varnish of the resin composition for a
prepreg is preferably prepared using an organic solvent. As
the organic solvent, a polar solvent having a boiling point
of 160°C or less, such as methyl ethyl ketone, acetone,
dimethylformamide, or the like, is preferably used, and
these solvents can be used alone or as a mixed solvent of
two or more. Any desired reinforcement substrate, such as
paper, a glass cloth, a glass nonwoven fabric, aramid paper,
an aramid cloth, a glass mat, a glass roving cloth, or the
like, is impregnated with the resultant wvarnish, and heated
at a heating temperature according to the type of solvent
used, preferably 50 to 170°C, to form a prepreg as a cured
product. The mass ratio between the resin composition and
the reinforcement substrate used is not particularly limited
but is preferably adjusted sc that the resin content in the
prepreg is 20 to 60% by mass. When a copper-clad lamination
is produced using the heat-curable resin composition, the
prepregs formed as described above are stacked by a usual
method, and a copper foil is appropriately laminated thereon
and heat-pressure bonded at 170 to 250°C for 10 minutes to 3

hours under a pressure of 1 to 10 MPa, thereby producing the
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copper-clad lamination,
[0171]

When the heat-curable resin composition (I) or (II) of
the present invention is used as a resist ink, an example of
a usable method is one in which a resist ink composition is
prepared by adding a cationic polymerization catalyst as a
curing agent for the heat-curable resin composition (II) and
further a pigment, talc, and filler, applied on a printed
board by a screen printing method, and then cured to form a
resist ink cured product.

[0172]

When the heat-curable resin composition (I) or (II) of
the present invention is used as conductive paste, examples
of a usable method include & method of preparing a
composition for an anisotropic conductive film by dispersing
conductive fine particles in the heat-curable resin
composition, and a method of preparing a circuit-connecting
paste resin composition or an anisotropic conductive
adhesive which is liquid at room temperature.

[0173]

As a method for producing an interlayer insulating
material for a build-up board from the heat-curable resin
composition (I) or (II} of the present invention, for
example, the heat-curable resin composition appropriately

containing rubber and filler is applied to a circuit board
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having a circuit formed thereon by a spray coating method, a
curtain coating methced, or the like, and then cured. Then,
if required, predetermined through holes are formed, and
then a surface is treated with a coarsening agent, washed
with hot water to form projections and depressions, and then
plated with a metal such as copper. As the plating methoed,
electroless plating and electrolytic plating are preferred,
and an oxidizer, an alkali, and an organic solvent can be
used as the coarsening agent. Such an operation is
successively repeated according to demand to alternately
build up a resin insulating layer and a conductor layer of a
predetermined circuit pattern, thereby producing a build-up
board. However, the through hcles are formed after the
outermost resin insulating layer is formed. Also, a build-
up substrate can be formed by pressure-bonding a copper foil
with a resin, which is formed by semi-curing the resin
composition on the copper foil, under heating at 170 to
250°C on the circuit beoard having a circuit formed thereon,
without the steps of forming a coarsened surface and of
plating.
[0174]

A method for producing a cured product of the present
invention may be based on a general method for curing an
epoxy resin composition. For example, a heating temperature

condition may be appropriately selected according to the
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type of the curing agent combined and use thereof, but the
composition prepared by the above-described method may be
heated in the temperature range of about 20°C to about 250°C.
In addition, a general method for epoxy resin compositions
can be used as a molding method with no need for particular
conditions for the heat-curable resin composition (I) or
(IT}) of the present invention.

[0175]

Therefore, according to the present invention, an
environmentally-safe epoxy resin material capable of
exhibiting a high degree of flame retardancy can be produced
without using a halogen-based flame retardant. In addition,
a higher operation speed of a high-frequency device can be
realized by the excellent dielectric characteristics.
Further, the phenol resin (B) or the epoxy resin (A') can be
easily efficiently produced by the production method of the
present invention, and molecular design can be realized
according to the level of the above-described intended
performance.

[EXAMPLES]
[0176]

Next, the present invention is described in further
detail with reference to examples and comparative examples,
and "parts" and "3%" below are on a mass basis unless

otherwise specified. In addition, melt viscosity at 150°C,
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GPC, and NMR, and MS spectra were measured under conditions
described below.
1) Melt viscosity at 150°C: according to ASTM D4287

2} Softening point measuring method: according to JIS

K7234

3) GEC:

Apparatus: HLC-8220 GPC manufactured by Tosoh
Corporation

Column: TSK-GEL GZ2000HXL + GZ000HXL + G3000HXL +
G4000HXL manufactured by Tosoh Corporation

Solvent: tetrahydrofuran

Flow rate: 1 ml/min

Detector: RI

4) NMR: NMR GSX270 manufactured by JEOL, Lid.

5) MS: double focusing mass spectrometer AX505H
(FD505H) manufactured by JEOL, Ltd.
[0177]
EXAMPLE 1 [Synthesis of phenol resin {A-1)]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 103.0 g of phenol novolac resin ("M-70G"
manufactured by Showa Highpolymer Co., Ltd., softening point
70°C, hydroxyl equivalent 103 g/eq) represented by a
structural formula below and 103.0 g of methyl iscbutyl

ketone were charged under nitrogen gas purging and then
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heated to 115°C.
f0178]

[Chem. 38]
OH OH

After heating, a mixture containing 88.8 g of methyl
isobutyl ketone and 88.8 g (0.50 mol) of 1-
chloromethylnaphthalene was added dropwise at 115°C over 2
hours. After the completion of addition, reaction was
performed at 120°C for 1 hour and further at 150°C for 3
hours to produce 161 g of phenol resin (A-1}. The resultant
phenol resin had a softening point of 105°C (B & R method),
a melt viscosity of 16.1 dPa-s (measurement method: ICI
viscometer method, measurement temperature: 150°C), and a
hydroxyl equivalent of 173 g/eq.

Fig. 1 shows a GPC chart of the phenol resin (A-1), Fig.
2 shows a C-NMR chart, and Fig. 3 shows a MS spectrum. The
presence oi a methylnaphthyl group corresponding to the
general formula (I} was confirmed by the analysis. 1In
addition, the ratio of the total number of methylnaphthyl
groups was 50 relative to the total number of 100 of
phenolic hydroxyl group-containing aromatic skeletons.
{0179]

EXAMPLE 2 [Synthesis of phenol resin (A-2)]
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in a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 75.8 g (0.76 mol) of bisphenol F ("DIC-BPF"
manufactured by DIC Corporation), 25.3 g (hydroxyl group:
0.24 equivalents) of phenol novolac resin ("TD-2131"
manufactured by DIC Corporation, softening point: 80°C,
hydroxyl equivalent: 104 g/eq), and 101.1 g of methyl
isobutyl ketone were charged under nitrogen gas purging and
then heated to 115°C. After heating, a mixture containing
99.6 g of methyl iscbutyl ketone and 99.6 g {(0.56 mol) of 1-
chloromethyl naphthalene was added dropwise at 115°C over 2
hours. The same subsequent operation as in Example 1 was
performed to produce phencl resin (A-2). The resultant
phenol resin had a softening point of 75°C (B & R method), a
melt viscosity of 0.7 dPa‘s (measurement method: ICI
viscometer method, measurement temperature: 150°C}, and a
hydroxyl equivalent of 180 g/eg.

Fig. 4 shows a GPC chart of the phenol resin (A-2). 1In
addition, the ratio of the total number of methylnaphthyl
groups was 56 relative to the total number of 100 of
phenolic hydroxyl group-containing aromatic skeletons.
[0180]

EXAMPLE 3 [Synthesis of phencl resin (A-3)]
In a flask provided with a thermometer, a cooling tube,

a fractionating column, a nitrogen gas inlet tube, and a
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stirrer, 100.0 g {(1.00 mol} of bisphenol F {(manufactured by
DIC Corporation, purity 99%) and 100.0 g of methyl isobutyl
ketone were charged under nitrogen gas purging and then
heated to 115°C. After heating, a mixture containing 126.1
g of methyl isobutyl ketone and 126.1 g (0.71 mol) of 1-
chloromethylnaphthalene was added dropwise at 115°C overxr 2
hours. The same subsequent operation as in Example 1 was
performed to produce phenocl resin (A-~3). The resultant
phenol resin had a softening point of 72°C (B & R method), a
melt viscosity of 0.5 dPa's (measurement method: ICI
viscometer method, measurement temperature: 150°C), and a
hydroxyl equivalent of 200 g/eg. Fig. 5 shows a GPC chart
of the phenol resin (A-3). In addition, the ratio of the
total number of methylnaphthyl groups was 71 relative to the
total number of 100 of phenolic hydroxyl group-containing
aromatic skeletons.

[0181]

EXAMPLE 4 [Synthesis of phenol resin (A-4)]

In a flask provided with a thermometer, & nitrogen gas
inlet tube, and a stirrer, 59.0 g of the phenol resin {(A-3)
produced in Example 3 and 41.0 g of bisphenol F
(manufactured by DIC Corporation, purity 99.0%) were charged
under nitrogen gas purging and then mixed by over-heating at
120°C for 1 hour to produce phenol resin (A-4). The

resultant phenol resin had a softening point of 57°C (B & R
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method), a melt viscosity of 0.2 dPa:s (measurement method:
ICI viscometer method, measurement temperature: 150°C), and
a hydroxyl equivalent of 142 g/eq. Fig. 6 shows a GPC chart
of the phenol resin. In addition, the ratio of the total
number of methyinaphthyl groups was 30 relative to the total
number of 100 of phenclic hydroxyl group-containing aromatic
skeletons.
[0182]
EXAMPLE 5 [Synthesis of phenol resin {(A-5)]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 35.0 g of the phenol resin (A-3) produced in
Example 3 and 65.0 g of bisphenol F (manufactured by DIC
Corporation, purity 99.0%) were charged under nitrogen gas
purging and then mixed by over-heating at 120°C for 1 hour
to produce phenol resin (A-5). The resultant phenol resin
had a softening point of 52°C (B & R method), a melt
viscosity of 0.1 dPars (measurement method: ICI viscometer
method, measurement temperature: 150°C), and a hydroxyl
equivalent of 121 g/eq. Fig. 7 shows a GPC chart of the
phenol resin (A-5). In addition, the ratic of the total
number of methylnaphthyl groups was 15 relative to the total
number of 100 of phenolic hydroxyl group-containing aromatic
skeletons.

[0183]
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COMPARATIVE EXAMPLE 1 [Synthesis of phenol resin (A-6):
phenol resin described in Patent Literature 1]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 208 g of phenol novolac resin having a softening
point 86°C and 0.5 g of p-toluenesulfonic acid were charged
under nitrogen gas purging and then heated to 140°C. Then,
136 g (1 mol) of p-methylbenzyl methyl ether was added
dropwise over 5 hours. During reaction, the produced
methanol was distilled off to the outside of the system, and
the reaction was terminated after aging at the same
temperature for 5 hours. Then, gas was removed under
reduced pressure with an aspirator to produce a phencl resin.
The resultant phenol resin A-6 had a softening point of 91°C
(B & R method), a melt viscosity of 3.1 dPa*s (measurement
method: ICI viscometer method, measurement temperature:
150°C), and a hydroxyl equivalent of 174 g/eq.
[0184]
COMPARATIVE EXAMPLE 2 [Synthesis of phenol resin (A-7):
phenol resin described in Patent Literature 2]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 192 g of 1,6-naphthalenediol, 81 g of
dichloromethyl naphthalene (95.6% of 1,5-dichloromethyl

Qa,

compound, 3.0% of other dichloromethyl compounds, 1.4% of
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monochloromethyl compound), and 550 g of toluene were
charged under nitrogen gas purging and then slowly heated
under stirring to form a solution, directly followed by
reaction for 2 hours under reflux at about 116°C. Then, the
temperature was increased to 180°C while toluene was
distilled off, directly followed by reaction for 1 hour.
After the reaction, the solvent was removed by distillation
under reduced pressure to produce a phencol resin. The
resultant phenol resin A~-7 had a hydroxyl equivalent of 114
g/eq, a softening point of 102°C (B & R method), and a melt
viscosity of 20.1 dPa-s {measurement method: ICI viscometer
method, measurement temperature: 150°C).

[0185]

EXAMPLE 6 [Synthesis of epoxy resin (E-1}]

In a flask provided with a thermometer, a dropping
funnel, a cooling tube, and a stirrer, 173 g (hydroxyl
group: 1 equivalent} of the phenol resin (A-1) produced in
Example 1, 463 g (5.0 mol}) of epichlorochydrin, 139 g of n-
butanol, and 2 g of tetraethylbenzylammonium chloride were
charged under nitrogen gas purging to prepare a solution.
After the resultant solution was heated to 65°C, the
pressure was reduced to azeotropic pressure, and 90 g (1.1
mol) of a 49% agqueous sodium hydroxide solution was added
dropwise over 5 hours. Then, stirring was continued for 0.5

hour under the same conditions. During reaction under
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stirring, the azeotropic distillate was separated with a
Dean and Stark trap, and the water layer was removed, while
the o0il layer was returned to the reaction system. Then,
unreacted epichlorohydrin was removed by distillation under
reduced pressure. The resultant crude epoxy resin was
dissolved by adding 590 g of methyl iscbutyl ketone and 177
g of n-butancl. Further, 10 g of a 10% aqueous sodium
hydroxide scolution was added to the solution, followed by
reaction at 80°C for 2 hours. Then, water washing was
repeated 3 times with 150 g of water each until the pH of
the washing sclution became neutral. Next, the reaction
system was azeotropically dehydrated, and after
microfiltration, the solvent was distilled off under reduced
pressure to produce 218 g of epoxy resin (E-1). The
resultant epoxy resin had a softening point of 83°C (B & R
methed), a melt viscosity of 5.1 dPa‘s (measurement method:
ICI viscometer method, measurement temperature: 150°C), and
an epoxy equivalent of 260 g/eq.
[0186]

Fig. 8 shows a GPC chart of the epoxy resin (E-1), Fig.
9 shows a '®C-NMR chart, and Fig. 10 shows a MS spectrum.
The presence of a methylnaphthyl group corresponding to the
general formula (I) was confirmed by the analysis. 1In
additicon, the ratio of the total number of methylnaphthyl

groups was 50 relative to the total number of 100 of
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glycidyl group-containing aromatic hydrocarbon groups.
[0187]
EXAMPLE 7 [Synthesis of epoxy resin (E-2)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in
Example 6 was changed to 180 g (hydroxyl group: 1
equivalent) of the phenol resin (A-2) produced in Example 2,
thereby producing epoxy resin (E-2). The resultant epoxy
resin had a softening point of 56°C (B & R method), a melt
viscosity of 0.5 dPa's (measurement method: ICI viscometer
method, measurement temperature: 150°C), and an epoxy
equivalent of 268 g/eq. Fig. 11 shows a GPC chart of the
epoxy resin (E-2). In addition, the ratio of the total
number of methylnaphthyl groups was 56 relative to the total
number of 100 ¢f glycidyl group-containing aromatic
hydrocarbon groups.

[0188]
EXAMPLE 8 [Synthesis of epoxy resin (E-3)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in
Example 6 was changed to 200 g (hydroxyl group: 1
equivalent) of the phenol resin (A-3) produced in Example 3,
thereby producing epoxy resin (E-3). The resultant epoxy
resin had a softening point of 56°C (B & R method), a melt

viscosity of 0.4 dPa-s (measurement method: ICI viscometer
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method, measurement temperature: 150°C), and an epoxy
equivalent of 291 g/eq. Fig. 12 shows a GPC chart of the
epoxy resin (E-3). In addition, the ratio of the total
number of methylnaphthyl groups was 71 relative to the total
number of 100 of glycidyl group-containing arcmatic
hydrocarbon groups.

(018831}

EXAMPLE 9 [Synthesis of epoxy resin {(E-4)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in
Example 6 was changed to 142 g (hydroxyl group: 1
equivalent) of the phenol resin (A-4} produced in Example 4,
thereby producing epoxy resin (E-4). The resultant epoxy
resin had a melt viscosity of 0.1 dPa:s {measurement method:
ICI viscometer method, measurement temperature: 150°C) and
an epoxy equivalent of 225 g/eqg. Fig. 13 shows a GPC chart
of the epoxy resin (E-4). 1In addition, the ratio of the
total number of methylnaphthyl groups was 30 relative to the
total number of 100 of glycidyl group-containing aromatic
hydrocarbon groups.

[0190]
EXAMPLE 10 [Synthesis of epoxy resin (E-5)]

Epoxidation reaction was performed by the same method
as in Example 6 except that the phenol resin (A-1) used in

Example 6 was changed to 121 g (hydroxyl group: 1
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equivalent) of the phenol resin (A-5) produced in Example 5,
thereby producing epoxy resin (E-5). The resultant epoxy
resin had an epoxy equivalent of 201 g/eg. Fig. 14 shows a
GPC chart of the epoxy resin (E-5}). In addition, the ratio
of the totzl number of methylnaphthyl groups was 15 relative
to the total number of 100 of glycidyl group-containing
aromatic hydrocarbon groups.
[0191]
COMPARATIVE EXAMPLE 3 [Synthesis of epoxy resin (E-6):
phenol resin described in Patent Literature 1]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 152 g of the phencl resin (A-3) produced in
Comparative Example 1 and 555 g (6 mol) of epichlorohydrin
were placed under purging with nitrogen gas and heated to
115°C. Then, 105 g (1.05 mol) of a 40% aqueous sodium
hydroxide sclution was added dropwise to the resultant
mixture over 4 hours. During the addition, the reaction
temperature was kept at 100°C or more, and the
azeotropically distilled epichlorohydrin was returned to the
reaction system through a Dean and Stark water separator
while water was removed out of the system. After the
addition of the agueous sodium hydroxide solution, the time
when water was no longer distilled was regarded as the end

of the reaction. After the completion of the reaction, by-
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preoducts such as an incrganic salt etc. were filtered off,
and excess epichlecrohydrin was distilled off from the
filtrate under reduced pressure to produce epoxy resin (E-6).
The resultant epoxy resin had a softening point of 78°C (B &
R method), a melt viscosity of 2.3 dPa:s (measurement
method: ICI viscometer method, measurement temperature:
150°C), and an epoxy equivalent of 251 g/eq.
[0192]
COMPARATIVE EXAMPLE 4 {Synthesis of epoxy resin (E-7):
phencol resin described in Patent Literature 2]

In a flask provided with a thermometer, a ccoling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 100 g of the phenol resin (A-4) produced in
Comparative Example 2, 812.1 g of epichlorohydrin, and 162.4
g of diglyme were charged under nitrogen gas purging, and 71
g of a 48% aqueous sodium hydroxide solution was added
dropwise to the resultant mixture at 60°C over 4 hours under
reduced pressure (about 100 mmHg). During the addition, the
produced water was removed out of the system by azeotropy
with epichlorohydrin while the azeotropically distilied
epichlorohydrin was returned to the reaction system. After
the addition, the reaction was further continued for 1 hour.
Then, epichlorohydrin and diglyme were distilled off under
reduced pressure, the residue was dissoclved in 348.1 g of

methyl isobutyl ketone, and then the produced salt was
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removed by filtration. Then, 21 g of a 48% aqueocus sodium
hydroxide solution was added to the filtrate, followed by
reaction at 80°C for 2 hours. After the reaction,
filtration and water-washing were performed, and then methyl
isobutyl ketone as the solvent was distilled off under
reduced pressure to produce epoxy resin (E-7). The
resultant epoxy resin had a softening point of 62°C (B & R
method)}, a melt viscosity of 1.2 dPa*s (measurement method:
ICI viscometer method, measurement temperature: 150°C), and
an epoxy equivalent of 175 g/eq.
[0193]
SYNTHESIS EXAMPLE 1 [Synthesis of epoxy resin (E-8)]

In a flask provided with a thermometer, a cooling tube,
a fractionating column, a nitrogen gas inlet tube, and a
stirrer, 432.4 g (4.00 mol) of o-cresol, 158.2 g {(1.00 mcl)
of Z2-methoxynaphthalene, and 172.3 g (formaldehyde 2.45 mol)
of a 41 mass% aqueous formaldehyde solution were charged,
and 9.0 g of oxalic acid was added to the resultant mixture,
followed by heating to 100°C and reaction at 100°C for 3
hours. Then, 73.2 g (formaldehyde 1.00 mel) of a 41 mass$
aqueous formaldehyde solution was added dropwise to the
mixture over 1 hour while water was collected by the
fractionating column. After the completion of addition, the
temperature was increased to 150°C over 1 hour, followed by

further reaction at 150°C for 2 hours. After the completion
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of reaction, 1500 g of methyl isobutyl ketone was further
added, and the mixture was transferred to a separating
funnel and washed with water. After water-washing was
performed until the washing water showed neutrality,
unreacted o-cresol and Z2-methoxynaphthalene and methyl
isobutyl ketone were removed from an organic layer by
heating under reduced pressure to produce a phenol resin.
The resultant phenol resin had a hydroxyl equivalent of 164
g/eq.

[0194]

Next, in a flask provided with a thermometer, a
dropping funnel, a cooling tube, and a stirrer, 164 g
(hydroxyl group: 1 equivalent) of the resultant phenol resin,
463 g (5.0 mol) of epichlorohydrin, 132 g of n-butanol, and
2 g of tetraethylbenzylammonium chloride were charged under
nitrogen gas purging to prepare a solution. After the
resultant solution was heated to 65°C, the pressure was
reduced to azeotropic pressure, and 90 g (1.1 mol) of a 49%
aqueous sodium hydroxide solution was added dropwise over 5
hours. Then, stirring was continued for 0.5 hour under the
same conditions. During reaction under stirring, the
azeotropic distillate was separated with a Dean and Stark
trap, and the water layer was removed, while the oil layer
was returned to the reaction system. Then, unreacted

epichlorohydrin was removed by distillation under reduced
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pressure. The resultant crude epoxy resin was dissolved by
adding 590 g of methyl isobutyl ketone and 177 g of n-
butanol. Further, 10 g of a 10% agueous sodium hydroxide
solution was added to the solution, followed by reaction at
80°C for 2 hours. Then, water washing was repeated 3 times
with 150 g of water until the pH of the washing solution
became neutral. Next, the reaction system was
azeotropically dehydrated, and after microfiltration, the
solvent was distilled off under reduced pressure to produce
epoxy resin (E-8). The resultant epoxy resin had a melt
viscosity of 0.8 dPa-s (measurement method: ICI viscometer
method, measurement temperature: 150°C) and an epoxy
equivalent of 250 g/eq.

[0195]

EXAMPLES 11 to 21 and COMPARATIVE EXAMPLES 5 to 8

[0196]

. .The epoxy resins used were the above-described (E-1) to
(E-8}, "YX-4000H" (tetramethylbiphenol epoxy resin, epoxy
equivalent: 195 g/eq) manufactured by Japan Epoxy Resin Co.,
Ltd., "NC-3000" (biphenyl novolac epoxy resin, epoxy
equivalent: 274 g/eq) manufactured by Nippon Kayaku Co.,
Ltd., "NC-2000L" (phencl aralkyl epoxy resin, epoxy
equivalent: 236 g/eq) manufactured by Nippon Kayaku Co.,
Ltd., and "N-655-EXP-S" (ortho-crescl novolac epoxy resin,

epoxy equivalent: 200 g/eq) manufactured by DIC Corporation.
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The phenol resins used were the above-described (A-1) to (A-
7). "TD-2131" (phenol novolac resin, hydroxyl equivalent:
104 g/eq) manufactured by DIC Corporation, "XLC-3L" (phenol
aralkyl resin, hydroxyl equivalent: 172 g/eq) manufactured
by Mitsui Chemicals, Inc., and "MEH-7851SS" (biphenyl
novolac resin, hydroxyl equivalent: 200 g/eg) manufactured
by Meiwa Plastic Industries, Ltd. The curing accelerator
used was triphenylphosphine (TPP), the flame retardants used
were magnesium hydroxide ("Ecomag Z-10" manufactured by Air
Water Inc.) and aluminum hydroxide ("CL-303" manufactured by
Sumitomo Chemical Co., Ltd.), the inorganic filler used was
spherical silica ("FB-560" manufactured by Denki Kagaku
Kogyo K.K.), and the silane coupling agent used was y-
glycidoxytriethoxysilane ("KBM-403" manufactured by Shin-
Etsu Chemical Coc.,). Further, carnauba wax ("PEARL WAX No.
1-P" manufactured by Cerarica Noda Co., Ltd.} and carbon
black were used. These compcnents were mixed according to
each of the compositions shown in Tables 1 and 2 and melt-
kneaded with two rolls at a temperature of 90°C for 5
minutes, thereby preparing an intended composition. The
resultant composition was ground and then molded into a disk
shape of ¢50 mm x 3 (t) mm or a rectangular shape of 12.7 mm
width x 127 mm length x 1.6 mm thickness using a transfer
molding machine for a time of 180 seconds at a pressure of

70 kg/cmz, a ram speed of 5 cm/sec, and a temperature of
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175°C. The molded product was further cured at 180°C for 5
hours. With respect to the physical properties of the cured
product, a test piece was formed from the cured product of
the transfer molding by a method described below, and heat
resistance, a coefficient of linear expansion, adhesion,
molsture resistance and solder resistance, and flame
retardancy were measured by methods described below. The
results are shown in Tables 1 and 2. A test piece for
adhesion was formed by transfer-molding a rectangular shape
of 12.7 mm width x 127 mm length x 1.6 mm thickness using a
mold in which a copper fcil (manufactured by Furukawa
Circuit Foil Co., Ltd., thickness 35 uym, GTS-MP treated
shine surface used as a bonded surface with the resin
composition) was placed on one of the surfaces, and then
further curing at 180°C for 5 hours.
{0197]
<Curability>

First, 0.15 g of each epoxy resin composition was
placed on a cure plate (manufactured by Thermo Electric Co.,
Ltd.) heated at 175°C, and timing was started with a stop
watch. A sample was uniformly stirred with a tip of a bar,
and when the sample was cut into filaments and remained on
the plate, the stop watch was stopped. The time taken until
the sample was cut and remained on the plate was determined

as a gel time.



Rmax 2sec - - 22 - In the tabl es, abbreviations are as foll ows.
NC- 2000L: phenol aral kyl epoxy resin ("NC 2000L" manufactured by
Ni ppon Kayaku Co., Ltd., epoxy equivalent: 236 g/eq) NC- 3000:

bi phenyl novol ac epoxy resin ("NC 3000" - 112 - nanufactured by

Ni ppon Kayaku Co., Ltd., epoxy equivalent: 274 g/eq) YX- 4000H:
t et r amet hyl bi phenol epoxy resin ("YX- OH' manufactured by Japan
Epoxy Resin Co., Ltd., epoxy equival ent: 195 g/eq) N- 655- EXP- S:
cresol novol ac epoxy resin ("Epiclon N655-EXP-S", epoxy equival ent:
200 g/ eq)

<Heat resistance>

Glass transition temperature: measured using a
viscoelasticity measuring device (solid viscoelasticity
measuring device "RSA II" manufactured by Rheometrics Co.),
double cantilever method; frequency 1 Hz, heating rate
3°C/min) .
<Coefficient of linear expansion>

The cured product was formed into a test piece of about
5 mm in width and about 5 mm in length and subjected to
compression-mode thermal mechanical analysis using a thermal
mechanical analyzer (TMA: "$S-6100" measured by Seiko
Instruments Co., Ltd.). At the second measurement
(measurement load: 30 mN, heating rate: 3 °C/min (two times),
measurement temperature range: -50°C to 250°C), a
coefficient of linear expansion at 50°C was measured.
<Adhesion>

The cured product was formed into a test piece of 10 mm
in width and peel strength was measured at a speed of 50
mm/min.
<Moisture resistance and sclder resistance>

The disk-shaped test piece of ¢50 mm x 3 (t) mm was
subjected to moisture absorption treatment by being allowed
to stand in an atmosphere of 85°C and 85% RH for 168 hours,
and then immersed in a solder bath of 260°C for 10 seconds

to examine the occurrence of a crack.



MEH- 7851SS: bi phenyl novol ac resin ("MEH 7851SS" nmanuf act ured by
Meiwa Pl astic Industries, Ltd., hydroxyl equivalent: 200 g/eq)

XLC- 3L: phenol aral kyl resin ("XLC 3L" manufactured by Mt sui

Chem cal s, Inc., hydroxyl equivalent: 172 g/eq) TD- 2131: phenol
novol ac phenol resin ("TD 2131" manufactured by DI C Corporation,

hydr oxyl equivalent: 104 g/eq) TPP:_ tlrd'goh_enyl phosphine - 113 -
CLAIMS [ aim 1] A heat -curabl e Tesin conposition conprising, as
essential conponents, an epoxy resin (A) and a phenol resin (B),
wherein the phenol resin (B) has a phenol resin structure having, as
a basic skel éood: dlostoagsrpegden ofhicglack plurality of phenolic

hydr oxyl group-contai ning aromati c skel etons (ph) are bonded to each
ot her t hr ougFo&T alfeaurd@nsegcdusraicka net hyl ene group having an
aromati ¢ _hydrocarbon structure, and an aromati c nucl eus of the phenol
resin stTUERR & Hadr R Hapht hyl net hyl group or an ant hryl met hyl group.
[ aim 2] The heat-curable resin conposjtiaon according.to Cl aim

1, wherein t Fe GORENSIE08s e SEB)YaS0 FORAINS otk USapt Ry Ve EAVH- UGdePs or
t hryl net hyl t tio of a,tot nbe, f 10.to 20
ol at e et RTE Harr g1 26b e Froth (1 R a9 1.6
- t ai_ni ng. ti kel et h) . i T
eat - curbl E Tt BT b AT T o Heast iy 16 Y A1 LISHEE n the
phenol res!n*la)TQ%%laiq%kﬁn%I%%%?é%Xi%% %@9% q%E%b%dBOo%o%iqgat%st
measured with an I'Cl""vi sconeter. aim4] sem conduct or

encapsulﬁj%é material conprising, in addition to the epoxy resin (A
and t he "‘phenol resin (B)

*¥2: Maximum flaming combustion time (second) at each
time of flame application

[0188]



according to Caim1, 2, or 3, an inorganic filler at a ratio of 70%
to 95% by mass in the conposition. [C aim5] A cured product
produced by a curing reaction of the heat-curable resin conposition
according to any one of Clainms 1 to 3. [Claim®6] A phenol resin
havi ng a phenol resin structure having, as a basic skeleton, a
structure in which a plurality of pheng|ic hydroxyl group-containing
aromati ¢ skel etons (ph) are bonded to ‘each ot her through an

al kyl i dene group or a nethyl ene group having an aromati c hydrocar bon
structure, and an aromatic nucl eus of the phenol resin structure has
a napht hiyT#eieyl] group or an anthrylnmethyl group. [Caim7] The
phenol resin according to Caim6, wherein the ratio of the total
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essenti al

conponent

a basi c skel et on,

S,

A heat-curable resin composition conprising,
an epoxy resin (A') and a curing agent (B),
wherein the epoxy resin (A ) has an epoxy resin structure having,
a structure in which a plurality of glycidyl oxy

as

as

group-contai ning aromati c skeletons (ep) are bonded to each ot her

t hrough an al kyli dene group or a net
hydr ocar bon structure,
structure has a napht hyl et hyl

[ ai m 10]

and an aronmti ]n

9, whereil®%hke epoxy resin (A ) contains the naphthyl net hyl

ant hryl net hyl
rel ati velTabke tt al

groups at a ratio of a total

nunber

ne group having an aromatic
ucl eus of the epoxy resin
group or an ant hryl met hyl
The heat-curable resin conmposition according to C aim
groups or
of 10 to 200

gr oup.

nunber of 100 of the glycidyl oxy group-containing

aromat | ¢ skeletons (ph). [U alm [@omparativel [0dnip@dtive [TorkbarativBdhparative
conposi {ion according to O ai m 9| @Exakiple BhEERIMpIEIBE| ERANYleI7EE ERarifle)s
has a mEdoxyr&HiPST (N-6qbescpbed W P. L (0 100 dPayg nepsured wifh an TCl
visconefer. [C ai m@p]1) A se conduct of encapsu| ating nateri al
conprising, in addiE7qaedc®bédm epoxy resin (A") and| theggurihg agent
(B'), an inorganic|fpTllger at a rptio of 7006to 95% py mass ip the
conposifion. - 11¢e-8 [Calm 13] 77 A clured product produced by a
curing feaction of [NB65#E@-Scurapl e resin jconpositipn accord] ng 8®
any one|@tringlayer A-and 10. [d al m I4] An fpoxy resjn having| an epoxy
resin s{ructure hayAag,
A-3
A-4
A-5
A-6 (described in 54
PTL 1)
MEH-78518SS
XLC-3L 53 65
TD-2131 45
TPP 3 3 3 3
Fused silica 860 860 860 860
Silane coupling agent 2 2 2 2
Carnauba wax 1 1 1 1
Carbon black 3 3 3 3
Curability sec 35 34 18 31
Thermal expansion ppm 9.5 9.0 8.6 9.0
coefficient {a.1)
Adhesion N/cm 150 160 80 90
Moisture resistance and - Poor Poor Poor Poor
solder resistance
Flame retardancy Class Burning Burning V-1 Burning
F sec - - 78 -
Rmax * sec - - 22 -

In the tables,

NC-2000L: phencl aralkyl epoxy resin

manufactured by Nippon Kayaku Co.,

236 g/eq)

NC-3000:

biphenyl novclac epoxy resin

Ltd.

r

ebbreviations are as follows.

("NC-3000"

("NC-2000L"

epoxy eguivalent:




as a basic skeleton, a structure in which a plurality of glycidyl oxy
group-contai ning aromati c skeletons (ep) are bonded to each ot her

t hrough an al kyli dene group or a nethylene group having an aronmatic
hydr ocarbon structure, and an aronmatic nucl eus of the epoxy resin
structure has a napht hyl net hyl group or an anthryl met hyl group.

[C aim 15] The epoxy resin according ##?Clajn114, wherein the ratio
of the total nunber of the naphthyl nethyl groups or anthryl net hyl
groups is 10 to 200 relative to the total nunber of 100 of the

gl yci dyl oxy group-containing aromatic skel etons (ph). [C aim16] The
epoxy resimubrcondiddgoy N Prém Hayaku 160 . whgt@i n ¢hexye¢quivatesity
of the epoxy resin at 150C neasured with an ICl visconeter is 0.1 to
100 dPa.s74 g/eq)

YX-4000H: tetramethylbiphenol epoxy resin ("YX-4000H"
manufactured by Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 195 g/eq)

N-655-EXP-S: cresol novolac epoxy resin ("Epiclon N-
655-EXP-8", epoxy equivalent: 200 g/eq)

MEH-78518S: biphenyl novolac resin ("MEH-7851S8S"
manufactured by Meiwa Plastic Industries, Ltd., hydroxyl
equivalent: 200 g/eq)

XLC-3L: phenol aralkyl resin ("XLC-3L" manuifactured by
Mitsui Chemicals, Inc., hydroxyl equivalent: 172 g/eq)

TD-2131: phenol novolac phenol resin ("TD-2131"
manufactured by DIC Corporation, hydroxyl equivalent: 104
g/eq)

TPP: triphenylphosphine
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CLAIMS
[Claim 1]

A heat-curable resin composition comprising, as
essential components, an epoxy resin (A) and a phenol resin
(B}, wherein the phenol resin (B) has a phenol resin
structure having, as a basic skeleton, a structure in which
a plurality of phenolic hydroxyl group-containing aromatic
skeletons (ph) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and an aromatic nucleus of the phenol
resin structure has a naphthylmethyl group or an
anthrylmethyl group.

[Claim 2]

The heat-curable resin composition according to Claim 1,
wherein the phenol resin (B) contains the naphthylmethyl
groups or anthrylmethyl groups at a ratioc of a total number
of 10 to 200 relative to a total number of 100 of the
phenolic hydroxyl group-containing aromatic skeletons (ph).
[Ciaim 3]

The heat-curable resin composition according to Claim 1,
wherein the phenol resin (B) has a melt viscosity at 150°C
of 0.1 to 100 dPars measured with an ICI viscometer.

[Claim 4]
A semiconductor encapsulating material comprising, in

addition to the epoxy resin (A) and the phenol resin (B)
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according to Claim 1, 2, or 3, an inorganic filler at a
ratio of 70% to 95% by mass in the composition.
[Claim 5]

A cured product produced by a curing reaction of the
heat-curable resin composition according to any one of
Claims 1 to 3.

[Claim 6]

A phencl resin having a phencl resin structure having,
as a basic skeleton, a structure in which a plurality of
phenclic hydroxyl group-containing aromatic skeletons (ph)
are bonded to each other through an alkylidene group or a
methylene group having an aromatic hydrocarbon structure,
and an aromatic nucleus of the phenol resin structure has a
naphthylmethyl group or an anthrylmethyl group.

[Claim 7}

The phenol resin according to Claim 6, wherein the
ratio of the total number of the naphthylmethyl groups or
anthrylmethyl groups is 10 to 200 relative to the total
number of 100 of the phenclic hydroxyl group-containing
aromatic skeletons ({ph).

[Claim 8]

The phenol resin according to Claim 6 or 7, wherein the
melt viscosity at 150°C measured with an ICI viscometer is
0.1 to 100 dPa-s.

[Claim 9]
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A heat-curable resin composition comprising, as
essential components, an epoxy resin (A') and a curing agent
(B'), wherein the epoxy resin (A') has an epoxy resin
structure having, as a basic skeleton, a structure in which
a plurality of glycidyloxy group-containing aromatic
skeletons (ep) are bonded to each other through an
alkylidene group or a methylene group having an aromatic
hydrocarbon structure, and an aromatic nucleus of the epoxy
resin structure has a naphthylmethyl group or an
anthrylmethyl group.

[Claim 10]

The heat-curable resin composition according to Claim 9,
wherein the epoxy resin (A') contains the naphthylmethyl
groups or anthrylmethyl groups at a ratio of a total number
of 10 to 200 relative to a total number of 100 of the
glycidyloxy group-containing aromatic skeletons (ph).

[Claim 11]

The heat-curable resin composition according to Claim 9
or 10, wherein the epoxy resin (A') has a melt viscosity at
150°C of 0.1 to 100 dPa-s measured with an ICI viscometer.
[Claim 12]

A semiconductor encapsulating material comprising, in
addition to the epoxy resin (A') and the curing agent (B'),
an inorganic filler at a ratio of 70% tc 95% by mass in the

composition.
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[Claim 13]

A cured product produced by a curing reaction of the
heat-curable resin composition according to any one of
Claims 9 and 10.

[Claim 14]

An epoxy resin having an epoxy resin structure having,
as a basic skeleton, a structure in which a plurality of
glycidyloxy group-containing aromatic skeletons (ep) are
bonded to each other through an alkylidene group or a
methylene group having an aromatic hydrocarbon structure,
and an aromatic nucleus of the epoxy resin structure has a
naphthylmethyl group or an anthrylmethyl group.

[Claim 15]

The epoxy resin according to Claim 14, wherein the
ratio of the total number of the naphthylmethyl groups or
anthrylmethyl groups is 10 to 200 relative to the total
number of 100 of the glycidyloxy group-containing arcomatic
skeletons (ph).

[Claim 16]

The epoxy resin according to Claim 14 or 15, wherein

the melt viscosity of the epoxy resin at 150°C measured with

an ICI viscometer is 0.1 to 100 dPpa-‘s.



