- 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 - aromatic nucl eus of the
phenol rEtdred MRter P hos B naphthy I RERFSAT of bup? Broant 2t 1A% $RAY |
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@aphkerolUneesini redd Ueitene Baya iraghidny| met hyl
groups or anthrylnmethyl groups. - 7 -
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



[ 0015] 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

lurality of _glycidyl Qup- cont ai ni nq ar i ¢ skel.eton e are
Eonded tg ea@% %tﬁé%”ﬁﬁ¥6%§ﬁ Qﬁﬁxﬁiﬁﬁﬁé ﬁﬁgﬁ? Qnséiﬂhgﬁhﬁﬁﬁ%epéroup

havi ng an_ aronmatic hydrocarbon structure, and an aromatic nucleus. in
t he epo@roﬁ}%]g?nﬁ s@?euc e s aognatgh% rR/lfénse%rE%/Il B B %Onuncg that

ant hryl I oup. ﬁgv apeous fe Q V. [.on Og}§|
Accor)(;i @ P‘% I%kggenépjlpersen r?im;lveﬁ‘% ’ona!_:gi G%aZs%%S%}{ED]Fé;&%rg, pa[r ovide are
heat - I . o . 1 i di s

r ggl [ glu;\igajrprr‘@}i'rsﬁlrépe#em stiatgr?(;:g&r |éag| I%ﬂ%l ta%]l ed%cglrﬁgr/cecentlnlng

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
perf or mefe®Sscarbon structure, moisture-resistance 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



Brief Description of Draw ngs [0020] [Fig. 1] Fig. 1is a GPO
chart of phenol resin (A-1) produced in Exanple 1. [Fig. 2]
Fig. 2is a "GCNW chart of phenol resin (A-1) produced in Exanple 1.
[Fig. 3] Fig. 3 is a M spectrum of phenol resin (A1) produced in

Example 1. - 9 - [Fig. 4] Fig. 4 is a GPO chart of phenol
resin (A-2) produced in Exanple 2. 6 — [Fig. 5] Fig. 5is a 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. 7 is a GPO chart of phenol resin (A-5) produced in
Exanpl e &romatic ni¢ieus 83f Filtg @hemoh GROThatuofurpdxds resin (E-1)
produced in Exanpl e 6. [Fig. 9] Fig. 9 is a 13C-NWR chart of
epoxy r s ph{iE inepgrodugeep E@hprtlerylmethyl [Rieup10] Fig. 10 is
a M5 spectrum of epoxy resin (E-1) produced in Exanple 6.

[Fig. 11108 % 11 is a GPO chart of epoxy resin (E-2) produced in

Exanple 7. ] )
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. 12] Fig. 12 is a GPO chart of epoxy resin (E-3) produced in
Exanpl e 8. [Fig. 13] Fig. 13 is a GPO chart of epoxy resin
(E-4) produced in Exanple 9. [Fig. 14] Fig. 14 is a GPO chart
of epoxy resin (E-5) produced in Exanple 10. Description of

Enbodi ments [0021] The present invention is described in detail

below. - 10 - A heat-curable resjn conposition (I) of the
present invention is a heat-curable 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
skel eton[0GlSkt ructure in which a plurality of phenolic hydroxyl
group-contai ning aromati c skel etons (ph) are bonded to each ot her

t hrough an alfkyitihdene tdroppesrerd netvieyitdme gred@yieisaviong areadromati c
hydrocarbon structure, and aromatic nuclei in the phenol resin
struct urerrEve neFhithyderRIsa t ipnpupersinmt ey | arisyiarots 4 0022]
That is, the phenol_resin (B) has the phenol resin structure having,
as the bdwsat zREIagh, remid) <t et oth Whikch alptirdindy &F phenolic
hydr oxyl group-containing aromati c skel et ons é‘-ﬁ'h) are bonded to each
ot her t HOWRIH ghl HAWRIREH grIuPRA* % TRiHy| Ehe FP Haimy fpent
aromati c, hydrocarbon structure ,asnaT an aromatic nucleus in the phenol
resin stfRiICturdh&P S Mgt | et hy12 G F b reRi a kit nﬁ%t"g‘?eoup.
Ther ef ore, aromati Ci h%/ of thke resin can tbe etnhanc.ed, ancglfl uidity of
the resil CAl b Frel it e d <G 5l 7 ST pds B ¥ t i nprove
affinity for -an.ino nic. fidler such as silica in i.cat] t.0
sem concPulc roarllgcr%aop]é%fala\fcflnCI ln%}fyerq%cf%p d:e%nrscegalsneﬁﬁwa%%%f%li%igejﬁe[heo%on%
t her mal ansj o) 3, s i td oy i

noi st ur e- esindglltegnrbcéé{c}% %%% Cgﬁﬁél% | ane 1,}(33% %adnl@ﬁ%eﬁﬁ%\r{%seonﬁ
i nventian, Rhgn i ; respends t hanql i n
of the ger%éeérﬁl}ﬁ]i nve%ﬁ%ﬁf k{ho‘él?ﬂ% Fr o?n: tk%e&v%o?rgt of Cnt{fié’

i npr oveds RAl ANGE Hefvee Ui Sidrs rasd dnse Felimbidddorand Hdane
retardancy, the content of the naphthyl methyl groups or anthryl nmethyl
groups  ifagHth AR} IC qisileioOfar i dieile d188l ny:dugicture is
preferably 10 to 200 in terns of ratio of total number of the

napht hyl o1l groups or anthryl methyl groups relative to a total
nunber of 100 of the phenolic hydroxyl group-containing aromatic
skel et ons ( plAurtherparhiec prasenthd ncenttdnt irxelptefserablay 15 to 120
fromthe viewoint of the higher effect of inproving curability,

nol dabi |demnyl, carslwsthore -ares staicsl e naiE tialy , irandidirage  Iretaadddidnioyn
nore preferably in a range of 20 to 100 fromthe viewpoi nt of the
excel | erito dfffd repory gredin | &' s dsiduianarrdsaskcelB 'ontof the

i mpregnation into a glass substrate, and the significant effect of

t he pred@atigi@hlicotesiiy qarg il an y( hlef errabine iRl ¢ ahigel 8f 20
to 80.

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



[ 0024] On the other hand, Patent Literatures 2 and 3 descri be

t hat 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 #THner Ut &'h Pygroups or anthryl nethyl groups
relativ o the total nber of 100 of. the phenolic hydroxyl

gr oup- cglfévaairhriar%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 a phenol resin and epoxy resin which give these

performances.
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.



Since the present invention has the above-described characteristic
chem cal structure, it is possible to enhance the aromatic content in
the nol ecul ar structure and inpart excellent heat resistance and
flame retardancy to a cured product. - 14 - [0028] The phenolic
hydr oxyl group-containing aromatic skeleton (Phl) can take various
structures. Specifically, aromatic hydrocarbon groups represented by
structural fornulae Phl-1 to Phl-13 bel ow, which are forned from
phenol , naphthol, and a conmpound having an al kyl group as a
substituent on the aromatic nucl eus of phenol or naphthol, are
preferred frofiche A ol Mt icf =e)@RE |drrthedt phesicdt arsa rand-2)
noi sture-resistance reliability. [0029] Exanpl es of the phenolic
hydr oxylpxpdupea oin dixamglardmat i ¢ skel eton (Phi) include those
represented by structural fornulae P1 to P13 bel ow. [0030] [Chem 1]
- 15 - [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]
From the viewpoint 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



- 19 - OHOHOH ei seOHHasei N e4" 1Ph2- 1Ph2- 2Ph2- 3r AyCH3 Ph2- 4
14: 41: 1/ 40H OHOH Ph2-5H3CNI, | eC H3 Ph2-6 CH3 OHOH H3C, As. eCH3
|, F)Ph2- 71,

- 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



1())) CH3t-Bu OHOH In these structures, when two or nore
bonds to other structural sites are positioned on a naphthal ene
skel eton, these bonds nmay be positioned on the sane nucl eus or
di fferent nuclei. [0036] In the present invention, the
structural fornmula Ph2-1 is particularly preferred fromthe vi ewpoi nt
of excellent curability, and the st[ﬁg%u[al formula Ph2-4 is
preferred fromthe viewpoi nt of the sture resistance and sol der -
20 - resistance.
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.



[ 0037] In addition, when each of the structures is positioned
at a nolecular end, the structure is conposed of a nonoval ent
aromati ¢ hydrocarbon group. 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 sane nucl eus or
different nuclei. [0038] ExaaneE of the al kylidene group
serving as the nethylene bridging gro 6 (X) contained in the resin
structure of the phenol resin (B) include a nethyl ene group, an

et hyl i dene group, a 1-propylidene group, a 2,2- propylidene group, a
di met hyl En&2gr oup, a propane-1,1,3,3- tetrayl group, a
n-butane-1,1,4,4-tetrayl group, a npentane-1,1,5,5-tetrayl group, and
the |ike. Exdinsl edregfoltive hardamatyilc dnpdirocamriden rsinuangme-tdant ai ni ng
nmet hyl ene group include groups represented by structural formulae X1
to X8 beq]@ﬁ,\},eqcm)?,gth(}@ﬁ Uﬁke -vyricus stQHBTHBres. 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]



ED OCH3 OH [0040] Anong these, the nethylene group and
structures represented by the structural fornulae 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 nol ecul ar
chain of a OH\ock havi ng B peat unit, a AR L~ OH
havi ng, as h o M oar uPbl-6a str ure Ph1-7
representﬁ by any one of structciJ|'12aI formulae B3 to .,,, or
OH OH
—"')\' Ph1-8 ] 3 e s Ph1-10
N - 2 A 5D - G-l -
ﬁ cﬁ; N Cﬁ; \\
OH OH
OH OH
~&>3—  Phi-11 p
63 £ Phi-12 —,{ —)— Ph1-13
dﬁz /;) CH,

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



[0043] [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 fornula B9 or B10 bel ow
inits resin structure. [0044] [Chem 7] Phl-X--B9 Ph2 -X --B10

[ 0045]

- 16 -

having a phenol skeleton is particularly preferred from the
viewpoint of low viscosity and excellent curability, heat
resistance, and moisture resistance and solder resistance.
Also, a phenol skeleton having methyl groups as represented
by the structural formula Phl-4 is preferred 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]



Since the present invention has the above-described characteristic
chem cal structure, it is possible to enhance the aromatic content in
the nol ecul ar structure and inpart excellent heat resistance and
flame retardancy to a cured product. In particular, the aromatic

nucl eus constituting the phenolic hydroxyl group-containing aromatic
skel eton (Phl) or the phenolic hydrgxié group-contai ning aromatic
skel eton (Ph2) serving as the basic skeleton of the phenol resin (B)
of the present invention is preferably conposed of a phenyl group or
an al kyl -substituted phenyl group because of the |arge effect of

i mprovi ng noi st ufd resi stance and der resistance. Tlygy aromatic
nucl eus conposgﬂi?%_apﬁhggyl grou _E&hk L-%#bstitute henol group
i nparts toughn 0 a cured prod and ddRdensed W;Vtthiﬂs

skel eton di spo as a side chai nCHxhi bits | ow vi scosiily, Therefore,

| ow t her ma nsi on and i npr ovwesi on can L -FPhe

exhi bi t ed, by significantly Vi ng noi st @@ si stance and
sol der resistance and i nproving flanme retardancy. | 0046] In
addition, in the phenol resin (B), the naphthyl nethyl group or the
ant hryl met hyl group present in the phenolic hydroxyl group-containing

aromati c skeleton (Phi) may have a nultiple structure represented by
the follow ngostructural fornula (1)gpr (2): [0047] [GHem 8]

[ 0048] [(2%)— Ph1-17 CHi.)_ Ph1-18 /(03_ Ph1-19
a0

cH,

g€

Q
=

H,C 'y CH Q OH
S S
< Ph1-20 ~

/1/ HzC-;/-:' >m Ph1i-21 .

2CH3 2

Ph1-22

&

==
O
a of
&

[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 -
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]



Al 2 OCH3 [ 0051] In the present invention, when the phenol
resin (B) contains the al koxy group-containing aromatic hydrocarbon
group in its resin structure, the al koxy group-containing aronatic
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
AN OH
: Ph2-15 s 7S Ph2-17

_l\’\)_ : 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



- 28 - 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 hyd @t d NG RUBRNLLIE 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;

monosubstd t4R & PWHenol conmpounds such as cresol ,

f0039]

[Chem. 4]



phenyl phenol , et hyl phenol, n-propyl phenol, iso-propyl phenol,
tert-butyl phenyl, and the |ike; disubstituted phenol conpounds such
as xyl enol, nethyl propyl phenol, nethyl butyl phenol, nethyl hexyl phenol ,
di propyl phenol , di butyl phenol, and the like; trisubstituted phenol
conpounds such as nmesytol, 2,3,5-trinethyl phenol, 2,3, 6-

trimethyl phenol, and the |ike; and ph?ToL conpounds such as

1- napht hol, 2-naphthol, nethyl naphthol; and the |ike. [0059]

Anong t hese, 1-naphthol, 2-naphthol, cresol, and phenol are
particularly preferred in view of the excellent flane yetardancy and
noi st ur e_pesi st ance and der resistaage of a curedgdg-oduct and the

excellent jfluidity of fhel conposition. 060] npl es of the
car bonyl mpoxd ( X ci fXeal |y alicgrboXd grou nt ak4i ng
conpound 3), include~vaNphatic al dehy¥es such as fo tHehyde,

acet al dehyde, propional dehyde, and the FHke; dial dehydds such as
glyoxal - 31 - and the like; aromatic al dehydes such as

benzal dehgde, 4- nethyl henzal dehyde, 3, 4 di et hyl benzal dehyde, 4-
bi phenyl alildehyde, napht al dehyde, andghe |ike; and Kétqne

conpoundf Juch Xx& benz none,x¢ | uor e, i ndgro h&xﬂ i ke.

[ 0061] Anong t he f or mal dehyde Lt DEnzal dehyd

bi phenyl ehyde, and n hyl al dehyde Jfe preferred in view of the
excel | ents Yl ame retarda %%%ﬁ a cured pHuct. [0062] The
reaction of the phenol conpound (Phi') with the carbonyl conpound
(X') can be perfornmed by heating 0.01 to 0.9 noles of the carbonyl
compound[ 4 Q] per nole of the phenol conpound (Phi') in the presence
of a catalyst. The pol ynerization catalyst used is not particularly
linmted, but aAm®ngr ehessall yhan meeihg leatalgsiup Hord etatiteredn

i norgani ¢ acid such as hydrochloric acid, sulfuric acid, phosphoric
aci d, orrdgmeddrkesd dsy ortgand toracet wk sl clo msa et hehesid f amd ¥ idke
p-tol uenesul fonic acid, oxalic acid, or the like, or a Lewis acid
such as fgoortoicula flyorielss raathytirousttad um ewpoioht orf degcglilent flame
chloride, or the |like. The anmobunt of use thereof is preferably in a
range ofrexamdancib%bya mussed abznduat taf tthe ttaiohasssiof e raw
naterialﬁxﬁnﬁrged. [ 0063]

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



- 32 - If required, an organic solvent can be used during the
reacti on. Exanpl es of the organic solvent which can be used incl ude,
but are not limted to, nethyl cellosolve, ethyl cellosolve, toluene,
xyl ene, nethyl isobutyl ketone, and the like. The anmount of the
organi ¢ solvent used is generally 10 to 500% by mass and preferably
30 to 250% by nmass relative to the total mass of the raw materials
charged. In addition, the reaction tefifperature is 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 yhydrieptyskroxed e nparnik hast harigerabl fsimgl aaarBhmMndx@dantleor a
reduci ng agent nmay be added to the conpound in order to suppress the
col ori nglO®@&hpl es of the antioxidant include, but are not
particularly limted to, hindered phenol conpounds such as

2, 6-di al Ksttgshenol derivatives, and the like; dival ent sulfur-based
conpounds<p xposphi t eggonpounds contai ning trival ent phosphorus
atom Exanpl es of the reducing agent include, but are not
particularly limted to,_ hypophosphorous acid, phosphorous acid,

t hi osul fOTRR2AE T sul f Bdus acid, hydrosulfite, and salts thereof,
zinc, and the like. [0065] After the reaction, neutralization or

wat er washing. is,..--»s33. - ,perfarmed until the pH val ue of the reaction
m xt ur 6 BEUGHES Flle 7S ri gL (YO e 2T G r

wat er washi may._.b erfo aceardi ng t.o a usual, nethod, F .
exanpl e, r[ga(r%uacn Sa]%:e:a'L cat a{%}“:ﬂ i sclﬂ'é%d,lgsa t%éesié:h%qjelﬁ al'fy {J%WOJ;S

sodi um (i i ide, [ ar bgnat e, |2,

ri et iyl EAerat s A AR RO R e HENSEL e By e
neut r al izl g, AGRNtL - 1dL 408 JIRILS 3l 2atd Qb1 T E6Te SUEh @S
phosphor i pag%:i d or rtlhdt;bllrinfe. ma;}g b{a )_E)'r evﬁ%usﬂ added, or the pH val ue
may be gojdisdad £19 B3 dddeidh S ARG GOIydie bids afdeinPaints
brought “into the basic side. After the neutralization or water

washi ng,a thepquoductt can hel advated by distdddi neoiofd the
unreacted raw materials nmainly containing the phenol conpound (Phl1l),
the orgafd£irsatmdturnd DyPractodSsbys heatidigraddiered asucgdy one of
pressure, thereby producing the target polyhydric hydroxyl conpound.
The unr escted: s ndenilads BRcovea®d can be reused. I n addition, a
mcrofiltration step is nore preferably introduced into the treatnent
operati oifd@&f3iler the conpletion of reaction because inorganic salts
and foreign matters can be renoved by purification. [0066] Like in

t he net hidéhen. edanpl es of the napht hyl met hyl ati ng agent or

ant hryl met hyl ati ng agent (a2) used in the nethod 2 include

1- napht h _ de, 2- ht hy! et B YO e X e B4
(9?2& hrﬁgﬁ%)ﬁggﬁﬁe, _E%P Y hy;':(hq )OPPCI)"? X
I I |
==Ph 1=X=Ph 1= X=— B5 —Ph1=X=Pht=X=— B6
X X X
I I |
—Ph2=X=Ph 2= X = BY "'I:’hZ-X—PIJZ-'X— B8
X ¥ 1
|

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



- 34 - met hoxynet hyl napht hal ene, 1-naphthyl net hanol, 2-

met hoxynet hyl napht hal ene, 2-napht hyl net hanol , 9- (nethoxynet hyl)

ant hracene, and 9-ant hracene net hanol. Anong these, 1-naphthyl nethyl
chl oride, 2-naphthylmethyl chloride, and (9-anthryl methyl) chloride
are preferred in view of the point that the reaction can be perforned
W thout using a reaction catalyst, an 3tbe need for a purification
step after the reaction is elimnated”"[0067] The reaction of

t he novol ac resin with the naphthyl methyl ati ng agent or

ant hryl met hyl ati ng agent (a2) in the method 1 or the reaction of the
novol ac resith and ha tthermapht hyt et hytat regreagemntedrby structural

ant hryl met hyl ati ng agent (a2) in the method 2 can be perforned at a

t enper atigencbnddd i on B0 305 ¢vw R00G s presf ot abi yucingdes - t he reaction
condition of 70C to 180C. The reaction catalyst is preferably an acid
cat al yst[044¥] exanpl e, an inorganic acid such as hydrochloric acid,
sul furic acid, phosphoric acid, or the like, an organic acid such as
met hanestf#<5hi ¢’ bci d, p-tol uenesul fonic acid, oxalic acid, or the
like, or_a Lew s aciq% uch as boron trifluoride, anhydrous al um num
chl ori dePh#r¥e=thl ori'd8, or the like. The anmount 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] - 35 - When

1- napht hifhgewdryt chl oBil@e, 2- napht hyl met hyl chloride, or
(9-anthrylmethyl) chloride is used as the naphthyl net hyl ati ng agent
or anthryl methyl ati ng agent (a2), the reaction can be effected using
sel f -generat ed hydrogen halide without the need to use the reaction
catalysttod%ﬁn 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 gri%@ét %htehg}x}% |9 aREI AR %fash%%reog%%&%@'de%%r.i' | ;/it hi's

case, the hydrogen chl e gas generated is preferably rapi
di schar gﬁ%ﬁ&ﬂé@i%@'%n@fcéf%iﬁ?&ﬂdﬂ{‘, Sjl}‘l*?tlegnpé%ik?ﬂ@%@)/enhance

neutralization and ditoxification with alkali water or the |ike.

[0069] the ardiat@acidiiedi NEn i thdansiadd dabnUtudt 4@ Shd OSSO
t hat the napht hyl net hyl ati ng agent or anthryl methyl ati ng agent (a2)

used as exdaM ot eidatl dess i DSdncdeiy 11 siaphidvd reidwy ehlordwiesd

2- napht hyl net hyl chloride, or (9- anthrylnethyl) chloride is used,

t he reagiraiudt e Ins phalre itcule 1, edlier @domattiik hydlegen cohlsariitde igas i s
substantially not generated, the chloride conmpound as a raw nateri al

i s | ost,trendlreerchl ior i ned et le nd rowsud dn gl i rom & henataive neiteelra @dn (a2)
is not detected. In the actual reaction, the reaction tenperature can
be pref efRiblly @onthrolplexhaslol ¢ Hetd tmeds lo e wrh @ tohel ryiarsy i aseomeggl it y
generated and can be stably discharged to the outside of the system
Dependi rikoetidie (BhBp sexdary jamh Henpersiarsie ke ezlettiton Riignolat

such a reaction tequrature is about 1 hour to 25 hours. [0070]
resin (B) of the present invention is preferably composed of

a phenyl group or an alkyl-substituted phenyl group because
of the large effect of improving moisture resistance 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



In addition, the end of the reaction is preferably determ ned by
confirmng the di sappearance of xylyrene dichloride used as a raw
material in high-performance |iquid chromatography or gas

chromat ography and confirmng no change in nolecul ar wei ght

di stribution in gel perneation chromatography (GPC), and no change in

refractive index. [0071] Furtbe% the end of reaction is
preferably determ ned by confirmng t 3 conditions until the nelt
viscosity of the final resultant resin no | onger changes. The

melt viscosity nmay be neasured by a nethod using an 1 Cl cone-plate

Vi sconetlsr ,exch Boitygd, vitseoeiet exigror f awarkE: 1y penpi scionetmersisture  Since
the reaction product produced as descri bed above contains a | arge
anount ofesfgeacte dapheswl deo mpotiek arermi ana gl ey ing eBictresl phenol
can be renoved by a desired nethod such as distillation, water

washi ng,refraxdandy ke to produce the phenol resin (B) of the present

i nvention. 4[{0072] If required, an organic solvent can be used
during tiP4%laction. Exanpl es of the organi c sol vent which can be
used include, but are not Iim ted t o, _met hyl cel | osol ve, ethyl - 37

- cel | osol ve I §9GEH Oy Héndh ené’thl‘?ﬂo% §@t§d¥’yl BRet She, and the like.
However napht hyl net hyl | orid I rret h chl orj de,
or (9 i HERTRA Y L G T R Y Ve Pt QTP AT LSk an
al cohol qrgani c sol vent bec use of the occurrence of sid ction.
The anoUts oI aTHE st JRITORm RIS § & TG or 1Y 0 t%‘%b%%y
mass and r£ ferabl @eoatouz 0% b Ss relatlvetothedtot mass of
the raw QTE%{ riats argedn ][St(fd]?]ﬁ/ SLEUC reen LR SRS anhf kTyhydrl C
hydr oxyl ¢ g?§ xj dant or a redum ng
agent may& ﬁ % el%glo(r:rj'?)dor(tﬁld |n or er {éc))) 'suppress the col oring.
Exanpl esr ©f4 13 he anti oxi dant include, but are not particularly limted
to, hlndered phenol conmpounds such as 2, 6-di al kyl phenol derivatives,
and the jdig,. dfjval ent sul fur-based corrpounds and phosphite
conmpounds containing trival ent phosphorus atom Exanples of the
reduci ng agent e, bue not partlcularly limted to,
hypophosghor ous d} phosNhhoyous a Jf t hi osul furic acid, sulfurous
acid, hy r ' sat here ) zinc, and the like. [0074]
After th act 1eu Ta Ation or water washing is perforned
until the pH val ue of" the reaction mixture becones 3 to 7, preferably

4 to 7. The neutralization or water
[0048]

[Chem.

8y-8 -

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.



- 38 - washing may be perfornmed according to a usual nethod. For
exanpl e, when an acid catalyst is used, a basic material such as

sodi um hydr oxi de, potassi um hydr oxi de, sodi um carbonate, ammoni a,
triethylenetetramne, aniline, or the like can be used as a
neutralizing agent. In the neutralization, a buffer such as
phosphoric acid or the |like may be prséiously added, or the pH val ue
may be adjusted to 3 to 7 with oxalic“acid or the |ike after being
brought into the basic side. [0075] In the heat-curable resin
conposition (1) of the present invention, the phenol resin (B) may be
used al onhe et iyl dye, ctonddimegeh v ¢ Imairiof heyr ouy | 1y mgefdr{d) frorvissw
epoxy resin within a range where the effect of the present invention
is not iopafyedditSpewidiChing , rettrerdandng agent (b) for an epoxy
resin can be used in a range where the amount of the phenol resin (B)
is 30% byOWask or nore and preferably 40% by nmass or nore relative to
the total mass of the curing agent. [0076] Exanpl es of the

ot her curi ng Fagéme I b)t Neophém G’ernes(lBrl Wi Efec & ssendo ABiviead 1@int h
t he phenol resin (B) of the present invention include am ne
conmpound&Y ﬁﬁ%@@b:ﬁ}b@ﬂsoxxa&@%wtwwnﬂﬂw%wocarbm

conpounds other t han thgﬁfhenol resin (B) and am notri azi ne-nodified

phenol ¥R bandgd tq y?ﬁf%]?‘?tcl‘b DU ddtth Mot E: $itSg
henol cl connected 0o each o
Eenzoqu%ﬁ%g o) o “Yiggss Ise§ ott%tehé‘lg‘ﬁé‘h’oﬂr@&ﬁ‘p&&r‘?&é'l&tlﬁgr

t han the heq: res ?é§§ ncl ude nov resins such a

novol ac Feais: b e ML B (R St R W s
novol ac ¢ ﬁlnﬁ@{&{tﬂé}%uf‘ﬁ’% JleSé 2 tgtol phenol co-condensed

novol ac re5|ns -creso Co-Condensed hovol ac resins, and the
l'i ke; mefhpy, aromatic structure-containing phenol resins such as
phenol resins having a resin structure in which a nmethoxynapht hal ene
skel et ongdrsepponded to an aromatic nucl eus of any one of these novol ac
resins through a net hyl ene group, phenol resins having a resin
structure in which a nethoxyphenyl skeleton is bonded to an aromatic
nucl eus of any one of these novol ac resins through a nethyl ene group,
and the |ike; aral kyl-type phenol resins, such as [0078] phenol

aral kyl resins represented by the follow ng structural fornula:

[0079] [Chem 11]



- 40 - (wherein nis a repeat unit and is an integer of 0 or
nore), naphthol aral kyl resins represented by the foll ow ng
structural fornula: [0080] [Chem 12] (wherein n is a repeat unit
and is an integer of 0 or nore), biphenyl-nodified phenol resins

represented by the follow ng structural forrmula: [0081] [Chem 13]
41 -
—_ 26 -
OCH OCH
A A OCH, H3COy
—G 3~ A1 <5 A2 S A3
N~ AN OCHj;
I)o\?,"c':h QM H3CO. L OCH
3 3N Ir 3
L5320 a4 15— A5 —< 5 A6
CH,
SCH; OCH,

Y

A7 (OC"'%_ A8 —(—)— A9

.I
€I

_G{@OOCH:,)_MO ( H + A1

{0 §

OCH
OCH,
[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),

bi phenyl - nodi fi ed naphthol resins represented by the foll ow ng
structural fornula: [0082] [Chem 14] (wherein n is a repeat unit
and is an integer of 0 or nore), and the |ike; phenol resins having a
resin structure in which a nethoxynapht hal ene skel eton is bonded to
an aromatic nucl eus of any one of theég aral kyl -type resins through a
met hyl ene group, and phenol resins ha¥ving a resin structure in which
a met hoxyphenyl skeleton is bonded to an aromatic nucl eus of any one
of these aral kyl -type phenol resins through a nethyl ene group;

novol ac tlesi sisreaichr £bnf @i vy 28 ot | eximed hty | enes Blerat ieghgi ng gr oup
and represented by the follow ng structural fornula: [0083] [Chem

15] - 42esist(avves eind X Yaps eserd sdanphenty | argrepmpxorres in phemyd

group, and n is a repeat unit and is an integer of 0 or nore);

tri met hypoddeethaared rea st gnef ¥ ephiehy | &t @tdmare thesidssleridric loss

di cycl opent adi ene phenol addition-type phenol resins. [0084]

Anong t Hexegerst r esi n contai ning many aromatic skeletons in its

nol ecul ar_structure is preferred fromthe viewdoint of the flame
retardantO®¥4lect. Exanpl es thereof which are preferred in view of
excel lent flanme retardancy inQIudejﬁhenol novol ac resins, cresol

novol ac resi fd 3FGVEER r &8 Y Svaith§raedeiitc fhedriitensugd ng
bridgin roup, phenol aral kyl resins, naphthol aral kyl resins,
napht hoﬁ“%ﬁ%d&isﬁ%&%ﬁb’%twsmﬁe%&%@% HONHAGC resins,

napht hol - cresol co-cqndensed hovol ac sins enyl - nodi fied phenol

resins, BiphemlcHoditT o HiphtHot 1 e n§?¢%$l Q%ﬁﬁﬂ%ﬁt
esins. pooRay 40 REE A SR SRR Ly B ) used i
. ; y Tesin ) used in

the heat;curall & L A5 GPIRARL 180 1) f PPy SSE 1diy&ation
measured with an ICI viscometer. Further, in view of more
improved heat resistance and flame retardancy of a cured
product, the phenol resin (B) preferably has a hydroxyl
equivalent in a range of 120 to 400 g/eqg. In particular,
with the hydroxyl equivalent in a range of 150 to 250 g/eq,
heat resistance and flame retardancy of a cured product and
balance with curability of the 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



- 43 - include naphthal ene-type epoxy resins such as diglycidyl oxy
napht hal ene, 1, 1-bis(2, 7-di gl yci dyl oxynapht hyl ) net hane, 1-

(2, 7-di gl yci dyl oxynapht hyl )-1-(2'- gl yci dyl oxynapht hyl ) net hane, and
the |ike; bisphenol epoxy resins such as bi sphenol A epoxy resins,

bi sphenol F epoxy resins, and the |ike; novol ac epoxy resins such as
phenol novol ac epoxy resins, cresol ngvolac epoxy resins, bisphenol A
novol ac epoxy resins, naphthol novola 8er)oxy resins, biphenyl novol ac
epoxy resins, naphthol - phenyl co-condensed novol ac epoxy resins,
napht hol - cresol co-condensed novol ac epoxy resins, and the |ike;
epoxy repidis hiavittge aa @i i Stiucleli€ and Whe plee it hoxyyapht yial ene
skel eton is bonded to an aromatic nucl eus of any one of these novol ac
epoxy r estagp-tdwrougin angred fyrheemniec gidipo @ncb @p axsoure s{ Fis2 havo i chaving

resin structure in which a nethoxyphenyl skeleton is bonded to an
aromat i ctheuclamlst of Lrestyh oinegofup hess ea midviogy Jae €poXx ygragy nisn ttheough a
met hyl ene group; phenol aral kyl epoxy resins represented by the
fol | ow regrenatuict uredldws nulla Blartioe8e) [ Chemratép is peferapilyeddi n
nis arepeat unit and is an integer of O or nore), naphthol aralKky
epoxy rest NG elgy e5leqit el Hihe Heldlol ¢ gy &ft rideraaraing orunaksl By,
[0087] [Chem_ 17] 0 CH21kKt. 11
moldability, moisture 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).



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

bi phenyl epoxy resins represented by the follow ng structural fornula
B3: [0088] [Chem 18] (wherein nis a repeat unit and is an

i nteger of 0 or nore), novol ac epoxy resins each having aronmatic

met hyl ene as a bridging group and represented by the follow ng
structural formula B4: - 45 - [OOBQ]ZBCben1 19]

[0056]

The novolac resin used in the method 1 has a resin
structure in which the phenolic hydroxyl group-containing
aromatic hydrocarbon group (Ph2) is bonded to the phenolic
hydroxyl group-containing aromatic hydrccarbon group (Ph2)
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



(wherein X represents a phenyl group or a biphenyl group, and nis a
repeat unit and is an integer of O or nore); epoxy resins having a
resin structure in which a nmethoxynapht hal ene skel eton i s 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 nethoxyphenyl skeleton is bonded to an aromatic
nucl eus of any one of these aral kyl -t Be_phenol resins through a

met hyl ene group; tetranethyl bi phenyl epoxy resins; triphenyl nethane
epoxy resins; tetraphenyl ethane epoxy resins; and dicycl opentadi ene
phenol afish ta opur EBCtdOhet yPieee poikiye if eshd Sreddreisen epoxyl iresiatsedny be
used alone or as a mxture of two or nore. Anong these,
napht hal Ene58 ype epoxy resins, naphthol novol ac epoxy resins, phenol
aral kyl epoxy resins, biphenyl epoxy resins, alkoxy group-containing

novol ac epoxyExeegiles cndia kdveyogr cwmreomcai (fihid Yamdlilopn cepooe

resins are preferred in view of excellent flanme retardancy and

di el ect régedhip achernstiesd. 2 inghade [wondistitutedhrhenod mprpmuris
of the epoxy resin (A) and the phenol resin (B) in the heat-curable
resin c ia§ aphgn9l of reFRr predenth YRRRM i e a1pt effeg ablKeisuch

that the anmount of active group in the_ curing agent containing the

phenol rENFURHtILEEY RRFIOE GRIFMNEhtS1GRI3T %483V a total of 1

equi val ent of oXxy. groups, i.n the epoxy resin (A) fromthe vi ewpoint
o good DS T bpcrt RO e TTa TR S b T ORRAREY HOTH L
If require t he at -curabl e resin .conpositiagn (I f the present
inventicﬁ?#kﬂpékyigi5ﬁgg#y %Q§;ﬁqﬁxﬂﬁ%%¢1é@%ﬂﬁﬁqﬁfgﬁﬁzIQQ%R . As the
curing accel erator, wvarjou onpoun can be used nd for exanple, a
phosphorcuogg %usrgéscosrr%%}ﬁna ) %ijeer} |’ar1§estahr9?1rPel:onyLr%p aéznocfale', an organic
acid met #ﬁ%@ acj 1 | ex he |ike ca
be used.n‘?%tn}-?%iaﬁr%fi32L ar ,ogll'nq%(%p ﬁ?a%lﬁ%?{?’s?%@rﬁdyulﬂg%él’

encapsul aty ial, + Vi WO i EXGE] | urabi | i

heat r es?lsk%d;%}é: , Egr?del?'t rallrg{ o aér Qﬁc;t%ér'i \Q%)lcé'sl%b%o]i stur e-@ug%}cglt adﬁlc;(:‘fIll duirdls
reliabilddoh £ GredytPheny)phasphine:HygH&isrred fssthe
phosphor us- based conpound, and 1, 8- di‘azabi cycl o-T5. 4. 0] - undecene
(DBY) i st prefeiy|shasol head@rdiaryilam nhd [(H81 Aideindeadudirabl e
resin conposition (l11) of the - 47 - present invention include, as
essent i al -reapiraneEnt S -rapreoxy, mesiny (rsiphtand a oid ithg: agert. (B'),
the epoxy resin (A') having an epoxy resin structure having, as a
basi ¢ skl %N, a structure in which a plurality of glycidyl oxy
group-contai ning aromati c skel etons (ep) are bonded to each ot her

t hr ough an alAminigdehe sgr, olp nephd hwet, hgl-eaphgholp Iltaeisnd ,aandr phehiod
hydr ocarbon structure, and an aronmatic nucl eus of the epoxy resin

st r uct uraehama et rapla i meteRA r egd g oriem entiirey lamstdillergy dligme

[ 0093] That is, the epoxy resin (A) in the heat-curable resin
conposi iV {dancy 1t Gicdd 1) %§5oHE Rt mnchrsugie i exagtligrrafe tdfe
phenol resin (B) constituting the heat-curable resin conmposition (1)
Wi L epi % HBFhyRIAHIC rRRd HIS (e He Tash 0 Sk et 6mon (o ¢ he
phenol resin (B). Therefore, aromaticity of the resin can be
enhanced°"HitP 14t ty of the resin can be maintained. In addition

it is pOﬁﬁL e to inprove affinity for an inorganic filler such as
silica i lication to a sem conductor encapsul ating material,

decrease the_coefficient of thermal .expansio ,a cured . prodyct, and

S ont 11 cant | §IPTBSse ol SEurETFERYL: SREBOPBR A8 Trt PBRATH PRy 2

ret ar dang In.th esent. inventi o the, e y resin (A), . .

corres pocnay £ qn{}/ a %oasfé? Ceé;notxa{yﬂlrlgg P IHE pfaggéé ntlr}cnlvueoglet i%lr%p%4]
aldehydes such as formaldehyde, acetaldehvyde,

propicnaldehyde, and the like; dialdehydes such as glyoxal



- 48 - From the vi ewpoi nt of nore inproved bal ance between

noi sture-resistance reliability and flanme retardancy, the ratio of
total nunber of the naphthyl nmethyl groups or anthryl nmethyl groups
present is preferably 10 to 200 relative to the total nunber of 100
of the glycidyl group-containing aronmatic skeletons (ep). In
particular, the ratio is preferably 1? to 120 fromthe viewpoint of

t he hi gher effect of inproving curabi iLty, nmol dabi lity,

noi sture-resistance reliability, and flane retardancy. Further, the
ratio is preferably in a range of 20 to 100 fromthe viewpoint of the
excel | erdnaftihai I ykd orafordteic saickeragdss |dweh exdstnaiidetigpiegnat | on
into a glass substrate, and the significant effect of the present

i nvent i aretlandograzd idetatd y Jrefemabily livere aladgeydd, 20-to 80. [ 0095]
Here, the total nunber of the naphthyl methyl groups or anthryl nethyl
groups reltenvel 4 odehede otra pumbley 1 agh iy, ofnd hehegl yidialy layxy ketone
group-containing aromati c skeletons (ep) is equal to the total anopunt
of a naptisdundhydudh mp Rrmowrerandy Vi srsnend ngt ripmng ,a2nd
relative to the nunber of aromatic nuclei in a phenol resin raw

mat eri althised ¥r produci ng the phenol resin serving as a precursor
of the e&gd(é/ resin. [0096] As described above, the epoxy resin (A)
in the h 11. 49 - curable resin conposition (lI1) contains, inits

resin structure, a _glycidyl ox r Qup- cont ai ni.ng aromati c skel eton
(the struct ufgCrS ttg‘eis§'al§t5’rr§éilgjte%é'pd§s aﬂﬁrﬂ}&%@&ﬂ‘

gr oup- cqnt ai ni arqmati c skel et (Epl) Y hereinafter)_having a _,
apht hy ISR S GG e L ARIRI I TF A bk s
and a glél itq}/el XY I 0uUR- Cﬁ”tn?ej nIi, ﬁa%’?:%}iocf sakelueéeoyréltohcg Structur al
siteis a%brevi a eeg’l as a 'ga| yCi aey oXy "gr‘oup- contai ni ng aronat i c

skel et on dcﬁﬁoﬁz]) " hereinafter) not having a naphthyl net hyl group or
ant hryl r’r[et yl- group in an aromatic nucleus. In the resin structure,

t hese struct (Y] r i-nke a t ugh t: hyl ene
bridging gr og%%( )%%.atcf%%8817]%fl B ?)E%gir?gl %gm&bﬂfﬂﬁie (g 3c?dyflt§§y%%

9/ A%, SIS A ol s dorite s repipesn i by
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]



50 -

O 1G 0iG0 C4:leaG. aviNH3C.,11,4: NrCH3 Epl-2Epl- 3Epl-4

Ys®%'s CH2Or CH2

- 372 -

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



In these formulae, "G " represents a glycidyloxy group, and when two
or nore bonds to other structural sites are positioned on a
napht hal ene skel eton, these bonds may be positioned on the sane
nucl eus or different nuclei. [0099] In the present invention, the
structural formula Epl-1 - 51 - is particularly preferred fromthe
vi ewpoi nt of low viscosity and excellept curability, heat resistance,
and noi sture resistance and sol der resiPstance. Al so, a skeleton
havi ng net hyl groups as represented by the structural fornula Epl-4
is preferred fromthe viewpoint of the significant effect of
I Mpr ovi nge et med Surst BhcehansH nee Bieref ridsd stemeel andnisot et becomes
resi stance. [0100] [Chem 21] - 52 - O 0
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

resi stance and noi sture resi stance and sol der

methoxymethyl naphthalene, Z2-naphthylmethancl, 9-
(methoxymethyl) anthracene, and 9-anthracene methanol.

Among these, l-naphthylmethyl chloride, Z-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 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]



resi stance. [0102] On the other hand, as the glycidyl oxy
group-cont ai ning aromati c skel eton (Ep2) not having the
napht hyl met hyl group or anthryl methyl group in the aromatic nucl eus,
specifically, aromatic hydrocarbon groups represented by structural
fornmul ae Ep2-1 to Ep2-17 below, which are forned from phenol,
napht hol , and a conpounds havi ng an_ah yl group as a substituent on
the aromati c nucl eus of phenol or napfithol, are preferred fromthe
vi ewpoi nt of excellent heat resistance and noisture resistance and
sol der resistance. [0103] [Chem 22] - 54 - G ol H3C IekirCH3
%Ep2- 6 When l-naphthylmethyl chloride, 2-naphthylmethyl
chloride, or (9-anthrylmethyl) chloride is used as the
naphthylmethylating agent or anthrylmethylating agent (a2},
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, 2Z2-naphthylmethy! 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



7r 0 H3C, 14eCH3 y-- Ep2-7 CH3 CH3 Ep2-4 G 0 Ep2-8 t-Bu In

these fornmulae, "G" represents a glycidyloxy 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 nucl eus or

di fferent nuclei.

- 36 -

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



[ 0104] In the present invention, the structural fornula Ep2-1is
particularly preferred fromthe viewpoint of excellent - 55 -
curability, and the structural fornula Ep2-4 is preferred fromthe

vi ewpoi nt of the noisture resistance and sol der resistance. [0105]

Li ke for the phenol resin in the heat-curable resin conposition (1),
exanpl es of the nethyl ene bridging gr yp (X) contained in the resin
structure of the epoxy resin (A ) inclFudde structures represented by

t he above-described structural fornmulae X1 to X5. [0106] The
epoxy resin (A) used in the present invention has the resin

struct ure=liIosdi e, thelghrye] dyy Dxye grmeth gbni soingl akoimid C skl gion
(Epl') and the glycidyl oxy group-containing aronmatic skel eton (Ep2)
are bondetkd o0 tHoavegleyci dynleox i -gragin-hgdmteginyiln ghdoarialtel, c 2skel et on
(Epl) or the glycidyloxy group-containing aromati c skel eton (Ep2)

t hr ough ramsh et Iy temel beh ey inde grow pl §9nt ity sndsgmdi Ingelclaor tek el aany
desired conbi nati on of bonding forns. The nol ecul ar structure of the
epoxy rested coiposedriietmsd Bk uet izt I talscehwl udesa . ¢ sandorgnt
copol ynmer or bl ock copolyner having, as repeat units, structural
sites reReEsEIf «f BhoRIFTHW T FURUralde orfeee™® dhe¢ ERopEitowT

[ 0107] [t%hem 23], - 56 - Epl-XEl

e organic solvent used 1s generally 10 to 500% by mass and
preferably 30 to 250% by mass relative to the total mass of
the raw materials charged.

[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



E2 wherein "Epl" is the glycidyl oxy group-containing aromatic
skel eton (Epl), "Ep2" is the glycidyl oxy group-containing aronatic
skel eton (Ep2), and "X" is the nmethylene bridging group (X), a
pol ymer containing El present in a nol ecular chain of a polyner block
having E2 as a repeat unit, a polynmer having, as a branch point in a
resin structure, a structural site Leg esented by any one of
structural fornulae E3 to E8, or [010 % [ Chem 24] a pol yner
having a repeat unit represented by any one of E3 to E8 and a
term nal structure represented by structural fornmula E9 or EI O bel ow
I n the resinist mect bre.perfdied [L3OMd{rChem £25]suEZpll -ENdEH2- XBL 0
[ 0110]
example, when an acid catalyst is used, a basic material
such as sodium hydroxide, potassium hydroxide, sodium
carbonate, ammonla, triethylenetetramine, aniline, or the
like can be used as a neutralizing agent. In the
neutralization, a buffer such as phosphoric acid or the 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



Since the present invention has the above-described characteristic
chem cal structure, it is possible to enhance the aromatic content in
the nol ecul ar structure and inpart excellent heat resistance and
flame retardancy to a cured product. In particular, the aromatic

nucl eus constituting the glycidyl oxy group-containing aronmatic

skel eton (Epl) or the glycidyl oxy grogg cont ai ning aromati c skel eton
(Ep2) serving as the basic skeleton of“the epoxy resin (A ) of the
present invention is preferably conposed of a phenyl group or an

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

I pr ovi ngpoyisgder Be rsdrsd ans@n@incthdo | etarh resiisdianeey pHwendll aradlied
nucl eus conposed of a phenyl group or al kyl-substituted phenyl group
i npart s ¢caugthmess to eacurethgyr oditdt reniceral roo noe rised- qeplareyncirie) .

skel eton di sposed as a side chain exhibits |ow viscosity. Therefore,

| ow t herif#)7&xpansi on and i nproved adhesi on can be exhibited, thereby
significantly inproving noisture resistance and sol der resistance and
i mprovi ng fléﬁﬁﬂwéﬁér@énéﬁe pheb® l- cjpgppljnds othepn thddi thenphienotlhe
epoxy resin, the napht met hyl group or the anthryl methyl group
present 395 ihe(B) m@m%&wcgfcé@p: Aol Shi st harasmati an ok etastadraq Epl )
may have a nultiple structure represented by the foll ow ng structural
f or nul a {16y (%esqlofmol[a@neﬁﬁﬂz‘ea phanyly oY Gfemr SEANs, cpfsol
structural fornula can take an average n value of 0 to 5,
but in Y PrASERSH er{’t"‘IHj*thoa1 RSEGART i 5575 5t r deRjrdioi-pliieng] £qy
Ir:t 2; g;er ! edd rbsféf [ ;]gor{reolva{ce eosllr};[s ,Ofne}p%etho)&prcersess!o 4 c(g—c%)ﬁc elnlserg flame

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]



Further, the epoxy resin (A') of the present invention - 59 - may
contain, as a structural site, an al koxy group-containing aromatic
hydr ocar bon group bonded through the nethylene bridging group (X).
Exanpl es of the al koxy group-containing aromatic hydrocarbon group

i ncl ude groups represented by the follow ng structural fornulae Al to
Al13: [0115] [Chem 28] - 60 - CI}% [0116] In the present

i nvention, when the epoxy resin (A) 8nfains the al koxy
group-contai ning aromati ¢ hydrocarbon group in its resin structure,

t he al koxy group-containing aromatic hydrocarbon group having a

structuregyepresented by -76lgy OH
=—cH —@-CH ")\\-—CH —@—CH =™
I P 2 2 v 2 2 >

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),&



the structural formula A8 can exhibit excellent heat resistance and
flame retardancy of an epoxy resin cured product and can
significantly decrease the dielectric |loss tangent. [0117] I n
addition, in view of nore inproved heat resistance and fl ane
retardancy of a cured product, the epoxy resin (A ) preferably has
an epoxy equivalent in a range of 180 ho 500 g/eq. Further, in view
of excellent fluidity during nolding Ahd~excel | ent noisture

resi stance and sol der resistance of a cured product, the epoxy resin
(A") preferably has a nelt viscosity at 150C in a range of 0.1 to 50
dPa. s, parttecedmrihyis na arepewie oii®. dnd ol 4 CandPast egreasuf el o triv ) |,

I Cl visconeter. In particular, the epoxy equivalent is preferably in
a range lofpl200yt-ond@Of p¢@gndeicbiusk ofsbxsetdmresamisd dre thesi st ance
and sol der resistance and flame retardancy of a cured product and
excel | enfobkdwiee wirhcturabi foxyubi: t he conposition. [0118]

Further, in view of nore inproved flanme retardancy and noi sture

resi stant®@&hd sol der resistance of a cured product, the ratio of
total nunber of the glycidyl oxy group-containing aromatic hydrocarbon
group (Edtherestht is preferably in a range of 10 to 200 relative to
the total nunber of 100 of the glycidyl oxy group-containing aromatic
- 62 -

ant hryl met hyl

hydrocarb1 fdrabl V)15 to
120 in vi g ty,
noi st ur @ r{j[s A
range of ~20 to 100 because of the ent inpregnation’into avgl ass

substrate and an inorganic filler such as silica in the conposition,
the I ower coefficient of thernmal expansion of a cured produce, higher
adhesion, and significantly inproved noi sture resistance and sol der
resi st an@@?eq‘?ﬂrbdf* t3ed PSRt H R He 30 i ian a- e At Xb 0 B hhe

noi sture resistance and solder resistance is nore inproved. [0119]
The epoxd! efs*?%a]?%d“j" B pr SR Y (ft doRitt o%@%q%ae descri bed

ind il, bel ow. i h f duci i.n,
0 9o 210 8 TN o 1 MBS LB B OTSLIRADS SRR 5B
A R

en teacti ng t he phenol Tesl epi ¢

S i fi d ingl i ; I
Spect 1 sald dhe deiod 4 iles, 24,2 A A0 1o o) ooracoure
resin angd, t.henpes frﬁ’éfﬁdz}g@ﬁm%ﬁi aned e h 5 d IUPWS A Bromatic

tenperature of 20Cto 1 e collectively or gradually adding 0.9

to 2.0 miesed & bas) oAl Yisledlaral 183 -ty SdnPhENd ii0s
hydroxyl group. The basic catalyst nmay be used as either a solid or
an aquecisrsdiitd oflet IWBShd Ner Asie Sy S Ut NS aksed, cdiien ivetipd
may be one in which the aqueous solution is continuously added, and
wat er angdr-egd it aitbieldie ade £ ast i dyious | grdlistddd etepifdsdritga the
reaction m xture under reduced pressure or normal pressure and
further fheacidlonadady sot flatuwel eforrsuYenoved, and epi chl orohydrin is
continuously returned to the reaction m xture. [0120]

[0083]

[Chem. 15]



In the case of industrial production, new epichlorohydrin to be
charged is used in a first batch for production of the epoxy resin,
but in subsequent batches, the epichlorohydrin recovered fromthe
crude reaction product is preferably conbined with new

epi chl orohydrin corresponding to a consunption |oss by the reaction.
In this case, the epichlorohydrin contgins inpurities derived from
the reaction, such as gl ycidol, epiEhﬂ rohydrin and water, an organic
solvent, etc. The epichlorohydrin used is not particularly limted
but, for exanple, epichlorohydrin, epibronohydrin,
P—nethylepnphlorogydrom, or theomlke can be used. In particular,

epi chl oroljydrin i E errey befause of easily industrial

avai | abi t he basic catal yst include

al kalin kt oxi des, al kali netal carbonates,
Xi
i

al kal i netal es, xen the like. In particular, in view of
excellent cata yt activity mor epoxy resin synthesis reaction,

al kali metal hydroxides, for exanple, sodium hydroxide, potassium
hydr oxi de, and the like, are preferred. Wen the basic catalyst is
used, it may be used in the formof a 10 to 55 mass% aqueous sol ution
or a sol juhdwsin % nrasithddots £ opidmal | @rowd tdr an Wigei €l sptognt can
increase the reaction rate of synthesis of the epoxy resin. Exanples
of the amghm cdsd vssdeatnalide, arbditi @iraen nioit qupet icfilGrdry thomited to,
ket ones such as acetone, nethyl ethyl ketone, and the like; alcohols
such as tmetneriof ] oletdizhmols de propy | t et caokiodnyislogriopy =@ <iobod ,and

1- butanol, secondary butanol, tertiary butanol, and the like;

cel | osolddesy Sharrerdsa dvethy | ples ¢ bsoddit i@t Hywpe et arsol veesiamg t he

| i ke; ethers such as tetrahydrofuran, 1,4-dioxane, 1, 3-dioxane,
dlethoxy@Uﬂﬁﬁb and the |ike; and aprotic polar solvents such as
acetonitrile, dinethylsulfoxide, dinmethylformam de, and the |ike.
These organ|§m§@ﬁvéﬁ@§enaﬁ & SiSe FORTES IHY MANYo REIORAL6n SHe Lakens

nore in order to adjust polarlt [012 The duct, of the
epoxi datdion-re 4R} Lﬁlasrv%%é%t %ﬁfedrrfbeq rﬁ‘?{?ﬁg c‘fle?i"’pom
epi chl or ohydri n.and the sol vent distill :
MER I o e LR %ﬁ%ﬁ% SuRre TReERG VhishoAdE: o
produce Lo SROKY 15 ey JELD SO NiNgL i1 . Dydrol yzafl e,
halogen €%e resuf&ant ep oxy 'esin can %e agdin sso &%

organi ¢ 50l r%cﬁlnt osx{gaclhaésr fl pene,  Jeth Jrox}c?ﬂf)é)é“ ésf&%o «{]y% e SLAY!

ket one, an aqueous solution o an aIk

hydroxi t d the |ike
qgadegﬁ{]o ef f ect fué\tyjﬁh'c@%égjeas 4 @ﬁ'sd‘ﬂﬂﬁp ePhéHOl

can be a reaction. Inth a phase

transf ery catialy Stes SUEH @Hoia BT LF DBE Y1 %E@ﬂlélmrﬁ?dﬁthcﬂ G{ Qv £t her,
or the like, 'may be present for inproving the reaction rate. Wen the

phase transfey, cRipltsdl ighdised, od-heomnidd Howsead hesenis i s
preferably in a range of 0.1 to 3.0%by nass relative to the epoxy
resin usetbhtdBrcidin I amp! @idden fdd reaedlian, rédien Pr agiygreshysial t can
be renoved by filtration and water-washi ng, and a sol vent such as

t ol uene naydinEitdty | pHenhlutyd s ked onel wean ye-nthchit f 1 d e chagdft Hayl hesd imeg,
under reduced pressure to produce the epoxy resin with high purity.
[0123] methdxy téhwoneeaitc cirabt terresion teaoivpiosy tpremdll 1)esofnd he present
i nvention, the epoxy resin (A ) produced by the production method of
t he pr esanitna tsdierniron i biediggterad brisssing . may be conbined with
anot her epoxy resin (a') in a range where the effect of the present

i nventi olfG%>Inot inpaired. Wien the other epoxy resin (a') is

conbi ned, the ratio of the epox resin (A) of the present invention
in the mhoIeN@%tbhexéﬁﬁ%Fsr@§l FROEIN S S JRef &bl yN3GH by SRAS'S

or nore,
'curable resin composition (I) of the present invention




- 66 - particularly 40% by nass or nore. [0124] Exanpl es of the
ot her epoxy resin (a') which can be conbined with the epoxy resin
(A") of the present invention include various epoxy resins, for
exanpl e, napht hal ene-type epoxy resins such as diglycidyl oxy
napht hal ene, 1, 1-bis(2,7- diglycidyl oxynaphthyl)nmethane, 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 holraghedul 1 @ ¢ ohdetisienl( Shok-ad iagl wepiokyl a:emarhtand ndighdneke;1-
epoxy resins having a resin structure in which a nethoxynapht hal 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 nethyl ene 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

ral kyl resins repr n he follow n r ral, fqrnul
gz'a [)61 v vOoX_Lyac eespo;;.sy re siensse, tcerdesb 1 tnoevoloac Oepoy?y sgesuicr;[su, %isp%eqluola

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



[ Chem 30] (wherein nis a repeat unit and is an integer of 0 or
nore), biphenyl epoxy resins represented by the follow ng structural
formula B3: [0127] [Chem 31] - 68 - (wherein n is a repeat unit
and is an integer of 0 or nore), and novol ac epoxy resins each having
aromatic nmethylene as a bridging group and represented by the
follow ng structural fornmula B4: [OIZEL [ Chem 32]

(wherein n is a repeat unit and is an integer of 0 or more),
naphthol aralkyl epoxy resins represented by the following
structural formula BZ2:

[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]

0 0 (o}

0 0 (0]
d;—cuz @ O curéé}-cm @ O CH2>‘:: B3

(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:



(wherein X represents a phenyl group or a biphenyl group, and nis a
repeat unit and is an integer of O or nore); epoxy resins having a
resin structure in which a nmethoxynapht hal ene skel eton i s bonded to
an aromati c nucl eus of any one of these aral kyl -type epoxy resins
t hrough a net hyl ene group, and epoxy resins having a resin structure
in which a net hoxyphenyl skeleton is nded to an aromatic - 69 -
nucl eus of any one of these aralkylftgge"epoxy resins through a
met hyl ene group; and ot her epoxy resins such as tetranethyl bi phenyl
epoxy resins, triphenyl net hane epoxy resins, tetraphenyl ethane epoxy
resins, po@Bdl cycl opent adi ene phenol addition reaction-type epoxy
resins These epoxy resins may be used alone or as a m xture or two
nor e. [(10429]1 9} Anong t hese, napht hal ene- based epoxy resins,
naphthol ovol ac epoxy resins, phenol aral kyl epoxy resins, biphenyl
epoxy reszg aIkOXﬁgégoup Coft4i ni ng novol ac epoxy resins, and
al koxy gr cont ai ing ar al epoxy resins are preferred in view of

excellent flanme reta dancy an di el ectric characteristics. [0130]

As the cu¥ing ag t B' sed?in the heat-curable resin conposition
(rr) of ventlo avarious known curing agents for epoxy
resins, [t Ckmfre _donpouBd, an ani de conpound, an acid
anhydri de~to phedol ~0onpound, and the |i ke, can be used.

Exanpl es of e am ohWnd di am nodi phenyl net hane, di et hyl ene
triamne, triethylene tetramne, diam nodi phenylsulfone, isophorone

ke, ”Exgnp esznﬁiftmeﬁf e conﬁﬁﬁén l%ﬁﬁﬁed&dpiy%ﬁé A Feafam do
(rat6?1|yInZne am ne déﬁge I‘ﬂ%te Exarrpﬁ @&AT?% acid a?l%dénordee

conmpoundd g} %eslﬁm h@&l\}ﬁnf@yfgéﬁ%sﬂfdé@lﬂé ti,e mwra de,

pyromel | i'ti ¢ anhydri de, el ¢ anhydri de, tetrahydrophthalic

anhydri destHBstyhd i Ayt ophd haldre anhyeitddde, + aredrhyd s ¢ @nhysird e,
hexahydropht hal i ¢ anhydride, nethyl hexahydrophthalic anhydride, and

the |ikef Bxamims of diteshanolacompaund, ddglrise NowH ats restdigsuch
as phenol novol ac resins, cresol novol ac resins, naphthol novol ac
resi ns, megihtlole phengd, crrd ansens ede ool tacy iresins;e giaphitholctarmesol
co-condensed novol ac resins, and the |ike; nethoxy aromatic

st ruct urier conitcl rd mee tphengharesl nskeslegivrasi plenmaded @0 s heanomeg: iac
resin structure in which a nethoxynapht hal ene skel eton is bonded to
an ar onatu@l encldusref @y ohelufsd resel kovdlye resinsl tteough a

met hyl ene group, phenol resins having a resin structure in which a
met hoxy pHEIBH IS lée Mgy s e ghofeib 1 & s adredvhat el ol yelu ss st ya rise Soies Jof

t hese novol ac resins through a nethyl ene group, and the |ike;

ar al ky| -E5ARNSSHEMS thans RPRUE H el e id t iy L9 sne sRgphesent ed

by the follomnng structural fornula: [0131] [ Chem, K 33]
esins; and dicyclopentadiene phencl 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.



- 71 - (wherein nis a repeat unit and is an integer of 0 or
nore), naphthol aral kyl resins represented by the foll ow ng
structural fornula: [0132] [Chem 34] (wherein n is a repeat unit
and is an integer of 0 or nore), biphenyl-nodified phenol resins
represented by the followi ng structural forrmula: [0133] [Chem 35]

- 46 -

[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



- 72 - (wherein nis a repeat unit and is an integer of 0 or nore),
bi phenyl - nodi fi ed naphthol resins represented by the foll ow ng
structural fornula: [0134] [Chem 36] (wherein n is a repeat unit
and is an integer of 0 or nore), and the |ike; phenol resins having a
resin structure in which a nethoxynapht hal ene skel eton is bonded to
an aromatic nucl eus of any one of thes§ aral kyl -type phenol resins
t hrough a net hyl ene group, and phen6|4 eSins having a resin structure
i n which a net hoxyphenyl skeleton is bonded to an aromatic nucl eus of
any one of these aral kyl -type phenol resins through a nethyl ene
group; novedact rasvast bachi conide Ni fg & odmt i £1 nedilydene s #an epoxy
bridging group and represented by the follow ng structural fornmula:
[0135] [€©Cheim &¥]) and3a-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-
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.
[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]



(wherein X represents a phenyl group or a biphenyl group, and nis a
repeat unit and is an integer of O or nore); and pol yhydric phenol
conpounds such as trinethyl ol net hane resins, tetraphenyl ol et hane
resins, dicycl opentadi ene phenol addition-type phenol resins,

am notri azi ne-nodi fi ed phenol resins (polyhydric phenol conpounds
each contai ni ng phenol nuclei connected to each other with nel am ne
or benzoquanam ne), and the I|ike. [Olég]‘ Anong these, a resin
cont ai ning many aromati c skeletons in its nol ecular structure is
preferred fromthe viewoint of the flanme retardant effect. Exanples
t her eof whi clrrame thefergwgdint Wewdafe exgaldwet ddiamd elanadancy

i ncl ude phenol novol ac resins, cresol novol ac resins, novol ac resins
havi ng an@nsit uos e diyd esvecasral el gl thy gidupl anphensot a edatdky! tlesi ns,
napht hol aral kyl resins, naphthol novol ac resins, naphthol -phenol

co- conderzseth nofy of @ica ¥ esimss r nai hit e | = aplesioy 1 ook leyph densges now ol ac
resins, biphenyl-nodified phenol resins, biphenyl-nodified naphthol
resins, amethoxdnelioyatgroers ustesentons abeferahenolO resia®] and -
74 - am notriazine-nodified phenol resins. In addition, in order to
i nprove ¥¢lativy totthe W@ﬁrw@b% Usel Pheok eFin qlogeidier IHQUP-

di hydr oxyphenol such as resorcin, catechol dr oqui none, or the

li ke, bl%?fhwl%&ﬁ%@%}%pﬂﬁﬂeﬁtqms bf%b)henéy RATGE GHE i kBe or

di hydr ox ht hal ene such as %idr oxynapht hal ene,
1, 6- di hfé%ﬁ%/rﬂa%tﬁ Tk b1 sbrlthtewt ErgnsHe vievwpqidiert th% the

pr esent |nvent| t he phenol resin (B int heat curable
resin cohsBy %ﬂf Y ‘?g Jd%ﬁt?‘@df%rq'é/r%qjg]fjemffedmf 1he i ewpoi nt of
t he S|gn|f1cant ef fect, of qg%QV|n eat re :§%$nce nd i sture
resi stante & o’tedse]rsq’ae%?%t XFferan Bhe i Bt of

excel I ent, gﬂ%é : éefééic?.”fse ppflg%erago fesislange anddlame gy

retardancy enol "feéesin has cture 1 N Whi

phenol i Cfrtﬁﬁﬂ | 9L Q0P t}'H t )?lcfé)_f%rll'@ aSﬂ‘f"l t&p A5hig; hawi nsglélbe

napht hyl me ar oup or ant group In t e aromati ¢ nucl eus

I's repr ea%ergm@ay tdiecd orapy %rﬁﬂe&ﬁtf&% ﬂr?’a s(c%rhu]:%:) the

phenol i ¢ hydroxyl group-containing aronatic eI e 'avi ng

the naphgdwylime hyil gri Puda o antduy | detdd ;Qfé)étﬁqﬁ rhrthﬁq@r&tmtarcd
nucl eus is represent ed by the fornmula Ph2-1 or Ph2-4, and t'he

et hyl engadyi clgingl @roeprd28nlis e eseijebby2d he sgguctural formula
X, X2, or XS. [0138] - 75 - The amounts of the epoxy resin
(A") andadesicuring agent (B') mixed in the heat-curable resin
conposition (11) of the present invention are not particularly
limted, but Haere,préfeertaitlay swobeirhatf tthe ampirtth vdineadtyilv eyrgu@isp oirn
the curing agent (B') is 0.7 to 1.5 equivalents relative to a total

of 1 equirviedimnitmedfhishosaourupsld i et epoxy Tasn nuidtadiog 1te of
epoxy resin (A ) fromthe viewoint of good physical properties of

t he resutftaartl wtirdd prodireup{OI8g|ining anrdmateiquishaletans (ep) is
heat - curabl e resin conposition (I11) of the present invention may be
proper | ye3uat He&r onbidienl IR @ ihgracdneiegdryl atslnhaasnt my
accel erator, various conpounds can be used and, for example, a
phosphor%%@é“%ﬁﬁtﬁﬁ‘ﬂdlg RIE | @3 iR R 1 V9 e NPT i ¢
acid netal salt, a WIS aci d,. an am ne conplex salt, and the | i ke ca

be used.2HH T TS iTh AP TP TS Gonldlictted for
encapsul at i mat er.i al m t he. vi ewpoi nt of excellent cur |ty,
cncapsul oLl 10 18! Shlal Qe viewol it of excell ol curatild
reliabiljt etc ri phenyl phosphine is preferred as the

phosphorus @gbﬁasreesclonrfpound and 1, 8- di azabicycl o-[5. 4. 0] -undecene

( DBU) |sdH9egerred as the tertlary am ne. [0140]

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



n the heat-curable resin conpositions (1) and (I1) detail ed above,
he phenol resin (B) in the heat-curable - 76 - resin conposition

) and the epoxy resin (A') in the heat-curable resin conposition
1) have the excellent effect of inparting flane retardancy, and

hus a cure product has good flane retardancy even if not mxed with
a flame retardant in common use. Howexgr, in order to exhibit higher
flame retardancy, for exanple, in the*fiéeld of sem conductor

encapsul ating naterials, a non-hal ogen flame retardant (C) containing
substantially no hal ogen atom may be m xed within a range where

nol dabi lduyab e aresint apsubad i toiorst € Jantbrited drad)i i yitof resin

sem conduct or device are not degraded. [0141] Al t hough the

heat - curstbtwectness n a onjoosi dy lovk ¢ antal o awgn taien imon -shadnegeine fdlateton
retardant (C) contains substantially no hal ogen atom the resin
conposi t {Bre neyrwontza n st odgien atloresy idied e g rady lgmiditlonf group-
inpurities at about 5000 ppm or |ess which are derived from for
exanpl e,c@piaiiigrd Riat o ke kedebr n(Brhle "egmae iresiter )| dszing a
Exanpl es of the non-hal ogen flame retardant (C) include a .
phosphortARIFdsedMFiiame Feawr dihtanth riineiden. EHaeP finmn raomaddit , a
silicone-based flane retardant, an inorganic flanme retardant, an

or gani ¢ HEt S USal3nh s et ¥Fhel et SERHR- CUHP Y] i3&eMaE of t hese

flame retardants js not particularly limted, and they may be used
al one orSKHTHbi géteio‘ﬁt Ctdlﬁﬁ]ur%%t f%fakﬁ?r&er?‘élarte?dar%aarﬁs of the
sane - /7. - type or different t.yrp.es. 01434. t he .
hosphor AL R B P A PR IR oy P an

or gani c ;type. ¢ be used., Exanpl es of. .an 4 nargani ¢ _compound i ncl ude
red phoshp%lgerlunsa?f]caen}ﬁn nrlloﬁcm lqp ‘615“% a ensapshutc larrée Hoamom um phosphat e,

i amoni e EPRRNA 4R ARISANAL G, AT UBLPALYPRasEhat €

and the ani‘c nitrogen- ai'ni ng phosphorus conpounds

such as fhasphord © 1 ta]_qg: I ik 414 5

phosphorus 1iIs prée'f e?{fbﬁ Ssur ag(:Je-leatlr eée;ltecee %ﬁe plrlenvkeenc% ;rt!r% éi]a%} c())Ityhs(_:irs or
the |ike:hfxamlas qe@qﬂggé%ﬂdﬁq{wo@t fod include (i) a nethod
of coating with an inorganic conmpound such ‘as magnesi um hydr oxi de,

al um numgyalroxi de, zinc hydroxide, titani um hydroxide, bisnuth

oxi de, bisnmuth hydroxide, bisnmuth nitrate, or a m xture thereof,

Examples of the glycidyloxy group-containing aromatic

|
t
(
(
t

skeleton (Epl) include those represented by structural
formulae Epl-1 to Epl-13 bkelow.
[0098]

[Chem. 20]



(ii) a method of coating with a m xture of an inorgani c conpound,
such as magnesi um hydroxi de, al um num hydroxi de, zinc hydroxide, or
titani um hydroxi de, and a thernosetting resin, such as a phenol
resin, (iii) a doubly coating nmethod of coating with a filmof an

i norgani ¢ conpound such as nagnesi um hydroxi de, al um num hydr oxi de,
zi nc hydroxide, or titanium hydroxide, and coating the filmwith a
t hernosetting resin such as a phenol 5ern, and the |ike. [0145] -
78 - Exanpl es of the organi ¢ phosphorus conpound incl ude
general - pur pose organi ¢ phosphorus conpounds such as phosphate
conpounds, pho$phonic acid cégpounds phosphinic acid conpounds,
phosphi ne oxi dg conpounds, S an cogpounds organi c

ni t rogen- cont a4gi ng phosphor onpounds "@qpaghe Ilke cungA\KCH3
organi ¢ pho @T‘U's E8 Frﬂoundsr\gtrch B2 Ty —G—  Epl4
9, 10-di hydr o¢#; oxa- 10- phos henant hr ene= 1&49xf&§ 10 (2 Stﬁz

di hydr oxyph 10H 9- oxa hosphaphena e= 10 oxi de,

10- (2, 7-di h“ napht hyl @®~ oxa- 10- [f IT ?j Oe
phosphaphenant hr ene=10- oxi de, ‘and the |ike; and derivatives produced
by reaction of the phosphorus conpounds with a conpound such as an
epoxy resin, a phenol resin, or the Iigp. [ 0146] The m xi ng
anount is approprlately sel ected accor I'ng to the type of the
phosphor us- pased f ﬁ retardant the & h;; conponent s ,&¥4 t he dF’

heat - cur able; ™ eg degr eefof
ret ardan $@ Ie en r usE 'Bused th

non-haloaJ# | ane retardant, ane retardant is fHeferably nixed
inara 1t020parts s in 100 parts s of the
heat - cur atl & resin conposition aining all of th y resin, the

curing agent, the non-halogen flane retardant, filler, and the other
additives. Sim arly, when the organic phosphorus conpound iGs used,

it is preferabl ¥ mxed in a rangg of O. rlO 0 parts by nm5s

particul arly p¥therabl Laqge _gr by

mass. [0147] V‘Q\VWeng?Lg phospho ngne r et usefgp1-10
t he phosphoru Hrased flane retardght nay b conmbi ned w ¢h,

hydrot al ci te, esi um hydr oxi d @ﬁa on conpound, Zzj i um oxi de,

Ep1-7

a bl ack dye, um car bonat e, e, zinc nol ybdat i vat ed
carbon, or the like. [0148] Exanpl es of the nitrogen-based flane
r et ar dant |ncIu$e triazine conpoundssrcyanurlc aci d conpounds,
i socyanuric o Gr
S—  Ept-1 A
/\/ pi- g Ept-12 j(“’ + 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



aci d conpounds, phenothiazine, and the |like, and the triazine
conpounds, the cyanuric acid conpounds, and the isocyanuric acid
conpounds are preferred. [0149] Exanpl es of the triazine
conmpounds i ncl ude nel am ne, acet oguanam ne, benzoguanam ne, nel on,

mel am succi noguanam ne, ethyl enedi nel am ne, nel am ne pol yphosphat e,
triguanam ne, and ot her conpounds such_as (i) am notriazine sulfate
conpounds such as guanyl nel am ne sulfate; nel em sul fate, melam
sulfate, and the like; (ii) co-condensates of phenols, such as
phenol, cresol, xylenol, butylphenol, and nonyl phenol, with

mel am ness sachi @slael anp fef e beaa ofguan afha evi aees Detianan ae, and

f or nguanam ne, and formal dehyde; (iii) m xtures of the co-condensates
(i) andvihernol ty esidsescehl ast phwenab I ot yal ldedty des comdemnsat esnd and

- 80 - (iv) the co-condensates (ii) and the mxtures (iii) further
nmodi fi edugu stuteinge oistanconend zedldenseesii oidncor Aied,i ke.se0EEGN
Exanpl es of the cyanuric acid conpounds include cyanuric acid,

mel ami nehaydmureg iy amirowes | dkerepoasaiied by tihe simeetuodlt he

ni trogen-based flanme retardant m xed is appropriately selected

accor di nfPtkheEripe b preienredgeremasies] ¥1ewro ¥t apdame the

ot her conponents of the heat-curable resin conposition, and the

desi red HeREELGINE | 2 Fet &F dHMRYOV I hs@ihpres1shanes 13 are bilseer
flame retardant is preferably mixed in a range of 0.05 to 10 parts by
mass, parIFCitEIy %?Cgf%‘?]a%‘?’g Y98N of 0.1 to 5 parts by nass,
in 100 pﬂg{@ by mass of the heat-curable resin conposition containing
all of t %%xy resin, the curing agent, the non-hal ogen fl ane
retardanfchgﬁlléﬁf and the other additives.



[ 0152] In addi tion, the nitrogen-based flane retardant may be
used in conbination with a netal hydroxi de, a nol ybdenum conmpound, or
the like. [0153] The silicone-based flanme retardant is not
particularly limted and can be used as long as it is an organic
conpound containing a silicon atom Exanples thereof include - 81 -
silicone oil, silicone rubber, SI|ICﬁSS resins, and the |ike. [0154]
The anpunt of the silicone-based fla retardant mxed is
appropriately selected according to the type of the silicone-based
flame retardant, the other conmponents of the heat-curable resin
conposi tion, andghe desired degres of flanme retardancy, For exanple,
the silicone-basdd flane retardant is preferably m xed Jin a range of

0.05 to 20 parts y mass in 100 par g mass of the h&at-curable
resin conpositi —songEgi-aang al ,~ e Msre5|n curin

agent, the nong afbgen flame retardaht, ler, and t thEP1qe

addi tives. dition, the siliciHe- based flame ret @it may be
used in co ionwith a nol yb @ conpound, a, or the like.
[ 0155] npl es of the inorQw flame reta i ncl ude net al

hydr oxi des, netal oxides, netal carbonate conpounds, netal powders,
boron conpounds, Iom#nelting-point gl ass, and the like. [0156]
Exanpl es of the netal hydroxides include al um num hydroxide,
nagne5|un1hdeOX|de dolom te, hydrﬁgaIC|te caIC|un1§9droxide

barlun1hydjfxpde i rconi um hydroxi d@, and the |ike,
Ep1-17 /( )— Ep1-18 } “ + Ep1-19
” g OO

CH2 R

L SOR!

r Gr ?"

i

o LA B ;
1l o ~

A Ep1-20 H,c3.5— Ep1-21 ﬁ,\— Ep1-22
' > o

Q-

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



[0157] - 82 - Exanpl es of the netal oxides include zinc
nol ybdat e, nol ybdenum tri oxi de, zinc stannate, tin oxide, alum num
oxi de, iron oxide, titanium oxide, nanganese oxi de, zirconium oxide,
zi nc oxide, nolybdenum oxi de, cobalt oxide, bisnuth oxide, chrom um
oxi de, nickel oxide, copper oxide, tungsten oxide, and the |iKke.
[ 0158] Exanpl es of the netal cgrggpgte conmpounds i ncl ude zinc
carbonat e, nmagnesi um carbonate, cal ci carbonate, barium carbonat e,
basi ¢ magnesi um car bonat e, al um num carbonate, iron carbonate, cobalt
carbonate, titanium carbonate, and the |ike. [0159] Exanpl es of
t he met a¥ipoosicry amdl exkes hoawtersuodbal itng numat rodsidtidracs ugnd
manganese, zi nc, nolybdenum cobalt, bismuth, chrom um nickel
copper, nohgsten, reshstance tded | $dkledef 04691 s tEramg! edlclo,t ke phenad.
conpounds i nclude zinc borate, '
skeleton having methyl groups as represented by the
structural formulae Epl-15, Epl-20, or Epl-22 is preferred
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]



zinc netaborate, barium netaborate, boric acid, borax, and the I|ike.
[0161] Exanpl es of the | ow nelting-point glass include Seapl ea
(Bokusui Brown Co., Ltd.), hydrated gl ass Si 02- MjO- H20, and

Pb0O- E203- based, ZnO P205- MjO- based, P205- B202- PbO- MyO- based, P- - 83
- Sn-O F-based, FIDO V205-Te02-based, Al 203-H20-based, and | ead

borosi l i cat e-based gl ass conpounds. [0162] The anmount of the
inorganic flane retardant m xed is épBiloi)ri ately 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
ret ardancy. or exanpl e, the inorganic flame retardant is preferably

m xed in a rgnge of 0.05 t0|§0 parts by mass, particularly prleferably
inarange & 0.5 to 15 parfs byemass, iGm 100 parts by nass t he

heat - cur aﬁ_re{ﬁsi B E_qrrposi_,ﬂ’l}_n_oco%%@_hni ng ~ tH2-8poXy IrE '_Ff!"St Eez 4
curing agemdthe Ron- hal o§ed 11 a retardamgAgil l'er, and g’ ot he p<-
additives. [0163] Exanples of the organic netal &1 t - based flame
retardant igecl ude ferrocene, Gq,cetyl acet onat e al conpl exes,_ organic
nmet al carbghyl compounds, ordanic cobalt salt Eonmpounds, org hic

sul fonic acld netal salt ,%%Sﬂnds each havifig @ ionic bong or
coor di na bEpeen d°rrefJrat e, and an 2t I° G LRRPOUITHS Ep2-8
het er ocycl ™ conmpound, and & |i ke “[0164] 'I"h-ﬁ)anou of thapOrganic
netal salt-®Bhsed flane retardant nmixed is appréipyiately sel ectid
according to the

0‘,Gr

. s o
-(0+ Ep2-9 —(-)— Ep2-10 —( )— Ep2-11

0 Gr
2N 0~
£ \J_ Ep2-15 L/;":@’ Ep2-16 7;; S 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



- 84 - type of the organic netal salt-based flane retardant, the

ot her conponents of the heat-curable resin conposition, and the
desired degree of flanme retardancy. For exanple, the organic netal
salt-based flane retardant is preferably m xed in the range of 0.005
to 10 parts by mass in 100 parts by mass of the heat-curable resin
conposition containing all of the epoxy resin, the curing agent, the
non- hal ogen flane retardant, filler, Aand"the other additi ves. [ 0165]
If required, an inorganic filler can be m xed in the heat-curable
resin conposition of the present invention. Exanples of the inorganic
filler inetalsiel fusedarsd |8, stofyshatd 1 N sid liec &p 2 AN gy resi d it o0
nitride, alum num hydroxide, and the |ike. Wen the anount of the

i nor ganiftrdm [rey wniievgrbirst paf tihoulnari ot u e rresasied artdewe drubexblsidn ca i s
preferably used. Although either crushed or spherical fused silica
can be uswlsttdresspherical fused silica is preferably mainly used for
i ncreasi ng the anount of the fused silica m xed and suppressing an

i ncreasel¥Telt viscosity of a nolding material. In order to further
i ncrease the anount of the spherical silica mxed, the grain size
distributionléﬁetﬁérsﬁﬁérpéﬁmoéiKﬁ@éni§np¢@ﬁeP§B¢ycﬁﬁ@§gﬁlﬁeédpusted.

The filling rate is preferably as high as possible in view of flane
r et ar darRP A 154 t 1 dul ST Satihe 6594 ahes POrdNHT% BiCtrhe
whol e ampunt of the heat-curable resin - 85 -_¢ osition. In the

use for &N &FPHITATDRTSUCH d % Tt oHdIETWRE PlstEi® aiteti®e T i 14 er
[0166] 1Bl 1t a5t O g agoiR & I SR of Michne

i I I , [ t, I sifier, etc.
can be SHAar 15 The HONHEREE E7P: 1 corposi ti on (1) or (1) of the

pr esent ﬂ %ﬁﬂtion. [0167] The heat-curable resin conposition
(1) or ( q% of the present invention can be produced by uniformy

m xing the ab \é%%%%?f IRed nCQRPINGRLS: iﬁh%hgeg‘isza%%?b'i% 8%iiBn has
he pre y

conposition of t sent i nvention can be easi orned into a

cured prigdlicle ih e RATR ASI A GENS] Alnknpwtimeihhed, fpappl es of the
cured product include nolded cured products such as a |amnate, a

fait pr ggliggiairﬁmga&mia&d A8 letddreogld NG drid Mha Jiidndy@nskyt he
ke | grojp—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]



Appl i cations using the heat-curable resin conmposition (l) or (I1) of
the present invention include sem conductor encapsul ating materials,
resin conpositions used for |am nates and el ectronic circuit boards,
and the like, resin casting materials, adhesives, interlayer
insulating materials for build-up substrates, coating materials such

as insulating coating, and the |like. Apgong these various - 86 -
applications, the resin conpositi on"caf be preferably used for
sem conductor encapsul ating materials. [0169] In order to

prepare the heat-curable resin composition (1) or (Il1) for a

sem condu;qu_g(napsul atigyg material, the conponents including a
filler may be sufficiently mxed until the resultant m xture becones
uni formusing an extruder, a kneader, a roll, or the |Iike according
to demaneEpPedrerng a nmE2 - ni xi ng type heat-curable resin
conposition. 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 _
conposi gD Pl 193 e gRrG AN XY (ORI iy jagromatic
preferably 70 parts by mass or, nore in order. to i nprove flane

r et ar darXB SRSt iR resiEtance WY ol Pty XFae W TRE <A HEE THRP t o

decrease the coefficjient of_I|jnear sion, and 80 parts by. nass or
R Ft g R U B O o S R U R R R
sem conduct or ckage, there is a nethod.in which the conposition is
ol tod Bt PO U S du B S L e T S0,
nol di n i t te t 00C for t.o 10 .hours,

t her ebg éﬁaglg{ugoffnggﬁ oslgjr?n&c%ﬁ%uoc%q(oﬁlaag%i%%sasa %o edje%c?tprudldlutdt 2 [ 0170]
When the Neals,culabl & resd % GRS Wk 1dn ¥ Mdddn Yeructure, a

structural site represented by any one of structural

formulae E3 to E8, or

[01081]
[Chem. 24}
=—Ep1=X=Ep2=X— E3 —§p1—x—E|32—X— E4
X X X
i | I
w=Ep =X==Epi==X=— E5 —Ep1=X=Ep =X~ E6
X X X
| 1 I
—Ep2=X—Ep2=X—  E7 —Ep2=X—Ep2=X=  ES8
X X X

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.



- 87 - the present invention is processed into a conmposition for a
printed circuit boar, for exanple, a resin conposition for a prepreg
can be prepared. The heat-curable resin conposition can be used

wi t hout using a solvent depending on its viscosity, but a varnish of
the resin conposition for a prepreg is preferably prepared using an
organi c solvent. As the organic solvegg, a pol ar solvent having a
boiling point of 160C or |ess, such as’'nethyl ethyl ketone, acetone,
di mret hyl formam de, or the like, is preferably used, and these

sol vents can be used alone or as a m xed solvent of two or nore. Any
desired r@®iodorcenent substrate, such as paper, a glass cloth, a

gl ass nonwoven fabric, aram d paper, an aramd cloth, a glass mat, a
gl ass roMihenclddh, or the like, is inpregnated with the resultant
varni sh, and heated at_a heating tenperature according to the type of
sol vent EpdeXpreferafld 50 to 170C, to forma prepreg as a cured
product. The nass ratio between the resin conposition and the

rei nforcenent substrate used is not particularly limted but is

pref er abEp2ed=et ed sEq{fpat the resin content in the prepreg is 20 to
60% by mass. Wien a copper-clad |lam nation is produced using the
heat - curabl e resin conposition, the prepregs forned as descri bed
above arstGkked by a usual nethod, and a copper foil is

appropriately | am nated thereon and heat-pressure_bonded at ;170 to
250C for 10 mimited o P3SREG s 1ONGET 18 plESs G?lé GPOY e gesE e,

t her eby produci ng the - 88 - copper-clad |lam.nation., [0171

Wen ¢ ne SR £ S S 1 1 o X 19 S e hradiss

| nven ti \(}ﬂqe' Sar“’o%rleaduﬁ:s @or‘f{esr{tStin' e q‘r?oleexcaurﬁpa{re sqafr %tuusraébl G d'5 itmh}_aoadrtI S
one in Icha resist ink conposition’is preparedl y ad&?ng a
cationig i | it i

heat - curea}gicgelylrr%gi ﬁ?%éo%oegﬁsﬁéo%%ﬁ ﬁncgn%l%ﬁt egt%erg}aﬁ{ anegn(?ea tGt J:ce,d and
filler, ﬁgyg' 0l na R oa b ree RNt : . .and
then cure #gﬁgbrgpap%gggggqﬁgk @ﬁfe r%ﬁ% &%tgu 6%9%]Egng%33%g%n he
heat - curgld & 1RSI dY, 18P R ddPEdda 8lidd ldrflatite LM | (et ign

i s used as conductive paste, exanples of a usable nmethod include a
met hod afhePreapATi iyl ok € IRAGI-Hd Ot 41011 rRf) ArdrealiOR e I HICtEp® il m
by di spersing conductive fine particles in the heat-curable resin
conposi tder;iranch A tref g iof qMeapardmep @ He GAPdxCaaet | (7g )past ehe
resin composition or an anisotropic conductive adhesive which is

| i qui d giressom tienpsrtatanr els [{efHrably dsnmoaeet ol  ghepradduptag an
interlayer insulating material for a build-up board fromthe

heat - curcablam ragigiynl -corpositited (@hemgyrl (Jhddumfbadeeisw esferithd neerga on,
for exanple, the heat-curable resin conmposition appropriately

cont ai nigfFaaibbelr arrEFUinemaisaps imbistanas rangd tsioglem - 89 -
having a circuit formed thereon by a spray coating nethod, a curtain
coat i ng ¥RAIFGENGT- t RSl pReMasAE DHEASHSr €@MPPREA, Off ar ehenvédgroup
predet erm ned through holes are fornmed, and then a surface is treated
With a arsdiing Hdntt v iad RE Wt IR WaRRAT % HBIRNRSS & ifons
and depressions, and then plated wth a netal such as copper. As the
pl at i ng FHtFTb P W ETt rBI%E S PFIATIRF DARP VGG ke §hont iHgrased

preferred, and an qxidizer,,.an alkali,, and an organi c _sol vent can be
Used as Ahé COARETITY: AGUHE: Budiart pdsiidon TBC6ERESs] vary
repeat ed .accordi ng to demand, t,0 alterpately build up a resin

| nsul at 1T T er® SR ol Lo T 5% ¥ bdevbiin (e e
pattern. {heraby producing 3 Byllob i board. Hanever. .4 e 4 hrooh

hol es are formed after the outernost resin insula i'ng 1ayer 1's

f or med. é%h]%vﬁ ﬁ]%gg%es%gﬁ&p%o f-g]r(ﬁgfdﬂ‘ag[{mgyrdgn ure-bonding a

copper foi resin, S y sem-curing the resin



A nmet hod for producing a cured product of the present invention may
be based on a general nethod for curing an epoxy resin conposition.
For exanple, a heating tenperature condition nay be appropriately

sel ected according to the - 90 - type of the curing agent conbined
and use thereof, but the conposition prepared by the above-descri bed
met hod may be heated in the tenperat ugg range of about 20C to about
250C. In addition, a general nethod f époxy resin conpositions can
be used as a nolding nmethod with no need for particular conditions
for the heat-curable resin conmposition (1) or (1l1) of the present

i nventi opp1]0N75] Therefore, according to the present invention,
an environnental |l y-safe epoxy resin materi al capable of exhibiting a
hi gh degree dmh faddane ircet,aridandye epo:xdye rersdcyc ddewnizpourt vl sietd yva

hal ogen- based flame retardant. In addition, a higher operation speed
of a hi ghrdurquendye devilvey beettbel raahiz agkdnenthelrextdet [@htcidyloxy
dielectric characteristics. Further, the phenol resin (B) or the
epoxy resfIugAconicain bey cusinat e f3kdletdy Foducey dpvahe mroduatlion
met hod of the present invention, and nol ecul ar design can be realized
accor di it FeC ke | ReRTesAntak hibdhe deskhabidw i Sieiedr plerfomite.

[ EXAVPL 61L“Ol?(/é Next, the present invention is described in
further th reference to exanpl es and conparative exanpl es,
and " parﬁ)o" nd "% below are on a nass basis unless otherw se
speci fi el 5 addition, nelt viscosity at 150C, - 91 - GPO, and NVR,
and Ms sroc%:etI{a é/\éa]re nmeasur ed under conditions described below 1)

(B}

[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



Melt viscosity at 150C. according to ASTM D4287 2) Softening point
measuring method: according to JI'S K7234 3) GPO

-~ 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]



Apparatus: 1-1LC-8220 GPO manufactured by Tosoh Corporation

Col um: TSK- GEL G2000HXL + G2000HXL + G3000HXL + GA000HXL

manuf act ured by Tosoh Corporation Sol vent: tetrahydrofuran Flow rate:
1 mM/mn Detector: RI 4) NVR NWVR GSX270 manufactured by JEQOL, Ltd.
5) Ms: doubl e focusing nass spectroneter AX505H ( FD505H) manuf act ur ed
by JEOQL, Ltd. [0177] EXAMPLE 1 [ Synt hgals of phenol resin (A-1)]

In a flask provided with a thernonete a cooling tube, a
fractionating colum, a nitrogen gas inlet tube, and a stirrer, 103.0
g of phenol novolac resin ("M 70G" manufactured by Showa Hi ghpol yner

Co., Ltd., tem ng poi nt 70C, oh:ﬂy oxyl equival ent 103 g/ eq)
represent ed by*a structural for p|%I ow and 1430 gx9f net hyl

i sobut yl wes€ char ged ni tAggen gas puigLEE 3ed t % -
92 - heate’to 115C. [0178] 3

QCHs, QCHs HsCO_~_LOCH
e S 3
Tizr_ 3 Ad l}—— A5 _1:§r_ A6
CH,
SCH,4 OCH,

_©_ A7 (OCH “—)— A9

_GIQ,COOCH%_A 10 ( H 9_
_( Hs')' 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



[ Chem 38] OHOH 6, 10H24HhH After heating, a m xture containing 88.8 g
of nethyl isobutyl ketone and 88.8 g (0.50 nol) of 1-

chl or onet hyl 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 & Rnethod), a nelt viscosity of “1811-dPa- s (measur enment net hod:

| CI visconeter nethod, nmeasurenent tenperature: 150C), and a hydroxyl
equi val ent of 173 g/eq. Fig. 1 shows a GPC chart of the phenol
resin (AHd ,sthhg:t@r Shovsrmu I8 GNMR€ hait i b ande . 1 shishoys: a M5
spectrum The presence of a nethyl naphthyl group corresponding to the
gener al fegimdandd )avest Xand | reet-dyndheofanal yicxy Iresaiddidusy t he
ratio of the total nunber of nethylnaphthyl groups was 50 relative to
t he t ot grovumterarof d00 sfgmphEinodntcl hydlroxed s gridup-dicnteat i ing loss
aromati c skeletons. [0179] EXAMPLE 2 [ Synt hesis of phenol resin
(A-2)] targgent. In a flask provided with a thernoneter, a
cooling tube, a fractionating columm, a nitrogen gas inlet tube, and
a stirrelQ1%7H. 8 g (0.76 nol) of bisphenol F ("D C-BPF" manufactured
by DI C Corporation), 25.3 g (hydroxyl group: 0.24 equival ents) of
phenol novol & @@éﬁlﬁlpwmﬁlgﬂ'ewnﬁﬁfﬁﬂ@éﬁjrlé@rwegl teesdr peratitgmnce
softening point: 80C, hydroxyl equivalent: 104 g/eq), and 101.1 g of
met hyl i Lﬁ%ﬁm%e‘f%%ﬁﬂ‘é’ Hary P RIS T UG log el Y EP P gi%ittand
then heated to 115C. After heating, a mxture containing 99.6 g9 of
met hyl i obutRAS &N dftf 79t SRP10. S )et L THBFEhethyfe0 to
napht hal ene was added dropwi,se_at 115C over, .2 _hours. The sane
Subsequetll GHEht | GHIAEern ERalgFY PRnas B nediie prodice  henol
resin (A- . The resul tant phenal_.resin had.a softenjng.ppint of 75C
(B &R r%cf%%%d)g, aamfreﬁ}fce\?jirhsecrgcsir%oylso g fed%asftsa Crreeaia‘snuc}lr e%eln et hod:

ICl vis t v MRASIH t X ) a hydr oxyl
equi val gc(rjl o) af%é &Qfejqa? |g.ucgl1?’gﬁt§{v\eg éﬁogyc%%gtr g?qt he phenol
resin (A atlo of  t t :

met hyl n?p]ﬁ%%eyli a{bgl%g g{pglsé %sm%lge r\é astadtc?svlg&{ oahf hleﬂ%?t éwﬁqn%aeﬁeofo f1 000' lof

phenol i ¢ hysly Qied . g %ﬁ%ﬁl@ﬂwgirﬁré)@éﬂfe deeletions 1P . EXAMPLE
3 [Synthesis of phenol resin (A-3)] n a flask provided with a

t her mometeysure£opldmtart uler v Sdaedianat iThg pe@kuenl ad, Nithe0geB=gas
inlet tube, and a - 94 -
equivalent is preferably in a range of 200 to 400 g/eg
because of excellent moisture resistance and solder
resistance and flame retardancy of a cured product and
excellent balance with curability of the composition.
[0118]

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 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



stirrer, 100.0 g (1.00 nol) of bisphenol F (manufactured by DI C
Corporation, purity 99% and 100.0 g of nethyl isobutyl ketone were
charged under nitrogen gas purging and then heated to 115C. After
heating, a m xture containing 126.1 g of methyl isobutyl ketone and
126.1 g (0.71 nol) of 1- chloronethyl napht hal ene was added dropw se
at 115C over 2 hours. The sanme subsequent operation as in Exanple |
was perfornmed to produce phenol resin®€A=3). The resul tant phenol
resin had a softening point of 72C (3 & R nethod), a nelt viscosity
of 0.5 dPa.s (measurenment nethod: ICl visconeter mnethod, neasurenent
t enper atwy @0 dS089n @Rk XYd v i Ved e p1ofh IOt e g R &
shows a%go chart of theﬁp%)lo resjig?(A%). I:I)n additioyre]l, g"thehq[:'atio
of the taiwahr ety Dfgrmihydmapitdyg 1 @ Diypso A sy ridug-ed @it aten £y t he
total nunber of 100 of phenolic hydroxyl group-containing aromatic
skel et onsrorfdXlBd |hEAMA b eh [Synihesis? of phepalrtiesiiar(Athk] ratio
In a flask provided with a thernoneter, a nitrogen gas inlet tube,
and a stisreref&rifly WF tdel Fhenolviesiof (Ae8)hijgloducedti rofExanpl e 3
and 41.0 g of bisphenol F (manufactured by DI C Corporation, purity
99. 0% wener ehiargeth wateiek 1ty t rmoglednlyialst Tor gianigs e et Stiacetk by
over-heating at 120C for 1 hour to produce phenol resin (A-4). The
resul t ante pakiol 1 kesiandaldl ars ofa @i dry ¢ioi MNbfiS70 (B @mRye 00
met hod), a nelt viscosity of 0.2 dPa.s (neasurenment mnethod: |Cl

vi sconet’e? R HREabhEasr dithte e pdntt Ui T aBTyLomnd & iy dHeaa
equi val ent of 142 g/eq. Fig. 6 shows a GPC chart of, the phenal resin.
In addi tTHetEHE r3rd R THL GG L inufde S st A Ity TR oups

was 30 relative to the tatal nunber_.of, 100 o henol.i c hydr oxyl
D SR g Srondtd o Cied G L ] X s PEATE S
g[uca)ggl Cr esin (A‘?IS%LLO . .n a Ias.k%rovi%led. with a te[ er nonet erag @
cool i ng TUSE B §9%5 1 dhedl iy A81UHT 7a Hi9 rogeh g et e € %ind
ti : . ! -3 i e 3 d
55:0 g IO SBrer O (R By R ot tan e Ry 26, 0o
vere chargagd dndec aid ragen AanPWAiNg anddhandikad .

over - heat'i ng at or hour” t o produce p 5). The

resul tante phanglcd esid S SQId @ HkPCi NindHe i%r%r(o%é%l.'? method), a

melt viscosity of 0.1 dPa.s (nmeasurenent nethod: Vi sconet er
met hod, e@syrement tenperature: 150C), and a hydroxyl equival ent of
121 g/eq. Fig. 7 shows a GPO chart of the phenol resin (A-5). In

addi tion, theheakipdx@f relent qral) pambee efromeihyl Bgpht bybdaceups was

15 relative to the total nunber of 100 of phenolic hydroxyl

gr oup- candtaicd nik sroimdd Girs ki tetidnde [d83That 96, - tEOVRARATHVEor

EXAMPLE 1 [ Synthesis of phenol resin (A-6): phenol resin described in

Pat ent Iptcehatinre thle epoxy resin (A') 1s, 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



In a flask provided with a thernoneter, a cooling tube, a
fractionating colum, a nitrogen gas inlet tube, and a stirrer, 208 g
of phenol novol ac resin having a softening point 86C and 0.5 g of
p-tol uenesul foni ¢ acid were charged under nitrogen gas purgi nhg and

t hen heated to 140C. Then, 136 g (1 nol) of p-nethyl benzyl nethyl

et her was added dropw se over 5 hours. During reaction, the produced
met hanol was distilled off to the out88de of the system and the
reaction was termnated after aging at the sanme tenperature for 5
hours. Then, gas was renoved under reduced pressure with an aspirator
to produgeld PhendnsEst mMydiekyesghdant RRRNQasieSidA tA1§shatad be
softening point of 91C (B & R nethod), a nelt viscosity of 3.1 dPa.s
(measur e Jetdiothiet G 30 BLOMRt ein Rl s nasISW Bdent whempehat ur e:
150C), and a hydroxyl equivalent of 174 g/eq. [0184] COVPARATI VE
EXAVPLE 2wy hesist dn phenoded esite (ethod phgndle resd nirdescirdibeadchd n
Patent Literature 2] In a flask provided with a thernoneter, a
cool i ng daibsyusa folactienats noproalunng s lay riddeaerarghsvd ttdetartdibe, and
a stirrer, 192 g of 1, 6-naphthal enediol, 81 g of dichloronethyl

napht halegriec {195 @¥Wdf il Headi aodni wirometsiy  dignipiollre] & D% rofm atheer

di chl oronet hyl conpounds, 1.4%of - 97 - nonochl oronet hyl conpound),
and 550 ggastt il velred wies earcderr geeluarede o ov St v ga malginpne s d hen
slowy heated under stirring to forma solution, directly followed by
react i omTbriyrun L iamderonadigdne atthedomaters g s 'Ffﬁ-’:lmvet%e and
tenperature was increased to 180C while toluene was distilled off,

di r ect | PHIGHHRRAP AL e akd i S Foron Hours e Aringd thee theactaastiahe

sol vent was renoved by distillation under reduced pressure to produce
a pheno™&i4€+ The resul tant phenol resin A-7 had a hydroxyl

equi val a:bt cbf 114 g/eq, a softening point of 102C (B & R nethod), and
a melt 's]t,zoslity of 20.1 dPa.s (nmeasurenent nethod: |ICl viscomneter
met hod, measurenent tenperature: 150C) [0185] .EXAVMPLE 6 [ Synt hesi s of
epoxy resin ?Eﬁ case Iorgaalnfjlugécflsgo %8é80\&wlpﬁ’anfeﬁ'er noneter, a

dr oppi ng._{: i j r,.. 173, r.oxyl

ar oup: | EEd et R R SR s R e 1
463 g ( ; [ Egmgplr' 13 f %ﬂﬂi f
tetraet %yrf&)gg%z%ﬁﬁ{mﬁitﬁ% gghl ori drleéqsv\lenrl'e%c a%éle%b{%’l er erﬁjit??%é%r?%gsgs

pur gi ng tre RIERA1& ISR M Mg then el tanlqs ddiddannas
heated to 65C, the pressure was reduced to azeotropic pressure, and
90 g (1lpkdmidt afs 3% ramiep WHrEAd M eyl e SR K MaS radded
dropwi se over 5 hours. Then, stirring was continued for 0.5 hour
under t k@ aaidid iths dandurprieactlicys Widethe & ti ot r rthng,
the azeotropic distillate was separated with a Dean and Stark trap,
and t he theitsercd sy, ert hea s mriermvvah wihviilre ddrg 2dins liaygerrivdse s elairired t o
the reaction system Then, unreacted epichlorohydrin was renoved by
di stil | &tricon thrdereadddiwored sprags sur @l yHhelalgs witianit]l coralidel répoxaynd esi n
was di ssol ved by adding 590 g of nethyl isobutyl ketone and 177 g of
n- but anelateRur tareorJERig ofo loveti% adwsouthsodpumhhpdrbyiddénsokatli oa
was added to the solution, followed by reaction at 80C for 2 hours.
Then, wadr PRESHING afdy rlépadtesd 3ty ey Wixamplso @rofchimtrah sk ,
until the pH of the washing solution becane neutral. Next, the

react i offPSYRRCEIRNNSY idpe Frigtinyaieny chdpy@hadad n avd &fheedike can be
mcrofiltration, the solvent was distilled off under reduced pressure
to prodiS&®181g BRTEPpERY2FesPRIFELI2FONYREIRedd| PARECERBRYLPEESIAShad

a softeni paint .of 83C (B & R, hqed),, a melt viscosity of 5.1
dPa. s (r?eggﬁrs ntlnr‘?é‘(%.(a%l @V%%dﬁét r met hod, measurenent
t enper at[%rl'i:l]lSOC)’ and an epoxy equival ent of 260 g/eq. [0186]

Examples of the basic catalyst include alkaline-earth



Fig. 8 shows a GPC chart of the epoxy resin (E-1), Fig. 9 shows a
13C-NWR chart, and Fig. 10 shows a M5 spectrum The presence of a

met hyl napht hyl group corresponding to the general formula (1) was
confirmed by the analysis. In addition, the ratio of the total nunber
of met hyl napht hyl groups was 50 relative to the total nunmber of 100
of - 99 - glycidyl group-containing aromatic hydrocarbon groups.
[0187] EXAMPLE 7 [ Synthesis of epoxy sin (E-2)] Epoxi dati on
reaction was performed by the sanme nethod as in Exanple 6 except that
t he phenol resin (A-1) used in Exanple 6 was changed to 180 g

(hydr oxyhetgr Dupyddoede yal £1itgd 1 Dfmdé el pleriodnatess N { Bec)i preadiiced in
Exanpl e 2, thereby producing epoxy resin (E-2). The resultant epoxy
resin hadydrosafdeni nongoimt biks6C IMB p& xR inetlleag) ,ina vikelwt ofi scosity
of 0.5 dPa.s (measurenment nethod: ICl visconeter method, neasurenent
t enper ateres 1 ISOC) Ga ey @he epotd)v euui it espoxf 268ly/sptikgls 11
shows a GPC chart of the epoxy resin (E-2). In addition, the ratio of
t he tot atearivbat. of et hynefaphtigdr eriolps, Weesr 563 ki \&odioin he
total nunber of 100 of glycidyl group-containing aromatic hydrocarbon
groups. 08T deaNm R 85 T8y MHEesidd, ePgokytiest kg E-a)g preferred.

Epoxi dat i on reactlon was perforned by the sane nethod as in Exanple 6

except tHR" tHe grehit ¢EF W TA-HY W i Bew e Lss%slrbrré?ﬁe@%
200 1 | ent f th h I (A
orodaced i éiiﬁ%??@ mq%ﬁ%ﬁ%hﬁw%&%ﬂ‘% G m Than
resul tagatc%cgllgﬂﬁ/ reS| a sof I@E OI%%ICFIOI)%Q G%tB\ﬁ&%rbR&n}quxg%?ad g
melt vi

100 - nehhod 0)

equi val GHEC %eaz”f‘éiif“rer”et”% ”s‘is%ﬂﬁm SOt Eﬁ"é{,g%ampés.sn
E-3 | e { fd t n(%!_rg:) h I
érougjs vvasat%Jé IIO%IP\/&; %11& X tLednéu'(r)rbkgdrt 0 8{)0 5{%12%/11 nﬂaﬁ y

gr oup- contAi i Ng & %@édﬁe§1ysdj§¥agsb%&&@s meI@Jﬁ‘?]etﬁ?ﬁ%&e,

[ Synthesi s of epoxy resin Epoxi dati on reacti on was

per f or megd Py el saie Setdash assidh Bampl e dhexcepthdhat, the,piignol
resin (A-1) used in Exanple 6 was changed to 142 g (hydroxyl group: 1

equi val eftdorafl t hissqhene) 1 resddhd B 4)-mradiced ddcdndm) evkarddier eby

produci ng epoxy resin (E-4). The resultant epoxy resin had a nelt
Vi scosi tiyerafi vl WlRaarso I measdirenenti ket hodl 1 d <01 wd s can ers neidiod,
measur enent tenperature: 150C) and an epoxy equival ent of 225 g/eq.
Fig. 13 cHowssal PO etftarl «ofl tde lepox\endesile (IBED;. dthaddidudn,ad he
ratio of the total nunber of nethylnaphthyl groups was 30 relative to
t he t ot daletmathetr@fuk00, df, Htddokdyrie grioup-tiontaia i ertoratd tthane,
hydr ocar bon groups.
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



[0190] EXAMPLE 10 [ Synthesis of epoxy resin (E-5)] Epoxi dati on
reaction was perfornmed by the sanme nethod as in Exanple 6 except that
the phenol resin (A-1) used in Exanple 6 was changed to 121 g
(hydroxyl group: 1 - 101 - equivalent) of the phenol resin (A-5)
produced in Exanple 5, thereby producing epoxy resin (E-5). The

resul tant epoxy resin had an epoxy equival ent of 201 g/eq. Fig. 14
shows a GPO chart of the epoxy resin EE—S). In addition, the ratio of
the total nunmber of nethyl napht hyl groups was 15 relative to the
total nunber of 100 of glycidyl group-containing aromatic hydrocarbon
groups. Ff€401]cQOMPARATY VEL EXMVRLEIR0 ] Byt hesial oferpoxye ressul (4H16)
phenol resin described in Patent Literature 1] In a flask

provi dedeRwEh zesireremdieragaleodl s sl vedeln o raxgaonat $ogvent um,
a nitrogen gas inlet tube, and_a stirrer, 152 g of the phenol resin
(A-3) produtedsi woLappar alpleyExapphPetylakatsss, gmeshysd| ptolyl ketone,
epi chl orohydrin were placed under purging wth nitrogen gas and

heat ed t®F 145, 1 Jffen, aNH52Y FIUGBH0FJLpFLen ﬁﬁm%tﬁg%l%dﬁw

hydr oxi de sol uti on was added dropwi se to the resultant m xture over 4

hours. DAWFHY IR S 13D CT AT rRdi P 6HE eI 3R T E R 3Pt e AoC
, th tropically distill i chl dri .

Dt Ur ned T LHE Lt Gt ehf (7 tieh BB APk wiTerhis

separ at or V\Qile ter was r enpved t of th%s stem @‘trer It_he

addi ti OreBTC 1 Ho BIEO S UbtH Tim T b te LD T4 F1HAS Anen

t i i iy t
ahot i opm R LA EE € N [ Cadith " FON LA TG, Sy Yo YVesene, o
c . . 1€ :
b ohi or it drEartfe S e Brdte | huf e, B SE S orer,

pressur &40, produce @é&%g(i@éiﬁné&@)of Thes rt@?éﬂéc?f“i@&?ﬁ%’féfagégy hd

a softening point of 78 B & Rnethod), a nelt viscosity of
dPa. s (rmeastieent et had:z 163 W seoretedl iethodo %L@ﬁ{%ﬁtresin

tenperature: 150C), and an epoxy equival ent of 251 g/ eq. 92]
used. After the completion of reaction, the produced salt
can be remcoved by filtration and water-washing, and a
solvent such as toluene or methyl iscbutyl ketone can be
distilled off by heating under reduced pressure to produce
the epoxy resin with high purity.

[0123]

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,



COVPARATI VE EXAMPLE 4 [ Synt hesis of epoxy resin (E-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, 100 g of the phenol resin (A-4) produced
in Conparative Exanple 2, 812.1 g of epichlorohydrin, and 162.4 g of
di gl yme were charged under nitrogen gas purging, and 71 g of a 48%
aqueous sodi um hydroxi de sol uti on was®8dded dropwi se to the resul tant
m xture at 60C over 4 hours under reduced pressure (about 100 mrHg).
During the addition, the produced water was renoved out of the system
by azeotgopyi whidrBpiatd asphyfkd iomhides f he azeotropically distilled
epi chl orohydrin was returned to the reaction system After the
addi ti onjothe) reaction was further continued for 1 hour. Then,
epi chl orohydrin and diglynme were distilled off under reduced
pressure, tha&xaesildise ofashdl sablevedpoxy34&sling (af' )methiyh icaabiky|
ket one, and then the produced salt was - 103 - renoved by
filtraticmmbifieh,wizih golod epadb8osepicouA Sodi Unthey drmedadd: siolugntoiomas
added to the filtrate, followed by reaction at 80C for 2 hours. After
t he reacitri@dd ivarixuorerrly wetsimsyasisng xamel e rrfaphtd 1 enattien
met hyl isobutyl ketone as the solvent was distilled off under reduced
pr essur ERAXPrerfides epoky desiioEihgylopie ragdithalfinepokyl Tist (2 had
a softeni ngwpoj nt of 62C (B & R nethod), a nelt viscosity of 1.2
Erfbht

dPa. s (rfbies oAt hy himss st er (4vethod, measur enent
tenperature: 150C), and an epox% equi val ent of 175 gE/eql. 40193
SYNTHESIS Byt aE oxy gt tash s bt (e pdkyy Fedi pmapthylimeghane | ask

B rogeH S TG CUERPhn: FTY S 2 U X OO AL
( or mal SR 98 5ol - BT 4G Treoh A 1 o eI iy dd of ut fon
i ur o LR TSt B R T L 0C B T at ot QTG ot 8
Pglrjinil dl— y eolz(:;l‘f@u‘{ciglo&(ng w&g%ﬁg}%bﬁsﬂ%tffﬁ%%? er 1oﬁgur
whi | e watar yas Lol e e o 1he ddaak hnati N 1QlnAy1 Aldwri dde

conpl etion of addition, the tenperature was increased to 150C over 1

hour, faldowed dyiddir thainhteactiihal dSUoddineHsvw 1A tgfosthe
conpletion - 104 - of reaction, 1500 g of nethyl isobutyl ketone was

further magdiats, anbidieIModddE wWas-ddraaieid atbidl s sefmafatidwi ifannel
and washed with water. After water-washing was perforned until the
washi ng avad erhes hiovied: nepdstal tdginurhaaintet acagiesatmndure in which
2- met hoxynapht hal ene and net hyl isobutyl ketone were renoved from an
or gani ¢ d aysrhdyyregditihggl amedevkaleduned priessiagd to gpr eduoe @ phenol
resin. The resultant phenol resin had a hydroxyl equivalent of 164
g/ eq. [On8AMeus of Next ,orian of filesie prova lded apady aasigrmoetergh @
droppi ng funnel, a cooling tube, and a stirrer, 164 g (hydroxyl
group: Medduidlaliermyows artk qresil teaRiphdiinesi mees sfy Bt in
of epichl orohydrin, 139 g of n-butanol, and .

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:

f0125]

[Chem. 29]



2 g of tetraethyl benzyl ammoni um chl ori de were charged under nitrogen
gas purging to prepare a solution. After the resultant solution was
heated to 65C, the pressure was reduced to azeotropic pressure, and
90 g (1.1 nol) of a 49% aqueous sodi um hydroxi de sol uti on was added
dropwi se over 5 hours. Then, stirring was continued for 0.5 hour
under the sanme conditions. During rgagtii on under stirring, the
azeotropic distillate was separated wth a Dean and Stark trap, and

the water |ayer was renoved, while the oil |ayer was returned to the
reacti on system Then, unreacted epichl orohydrin was renoved by
distillatien under reduced 105 - pressure.f\JThe resultant crude

epoxy res °was di ssol ved %ddi ng 590 g of thyl isobutyl ketone
and 177 g pf nbutanol. Further, 10 g of a 10%’aqueous sodi um

hydr oxi de9sol uti on was afldél to the sol u\ion® fol |l owed by reaction at
80C for 23Qours. en, washisag was re ted 3 tineg with 150 g
of wat er|l DHzHH [Sype @ @torpn_pecame neufflal . Next,

t he reactYon system was tropically dghydrated, and after
mcrofiltration, the sol%ent was distilledoff under reduced pressure
to produce epoxy resin (E-8). The resultant epoxy resin had a nelt

viscosity of 0.8 dPa.s (neasurenent nethod: ICl visconeter nethod,
measur enent tenperature: 150C) and an epoxy equival ent of 250 g/eq.

[ 0195] EXANS %ggﬁéxa\(gﬂ'%g - >§§l}/P

The epoxy re%‘TEl\n%s]T?]sfe% %M]aj? the a ove-%ﬁeflc% ed zé%f ?joﬁ(dE%gfﬂore)’
" YX- 4000H {1l 1 aled 1y P |  EPRY £ S e PRAOL PAU Y & ENG 11D
g/ eq) manufactured by Japan Epoxy Resin Co., Ltd., ™NC 3000"

(bi phenydtnoval a1 epoxdur£ssn, epoxy equival ent: 274 g/eq)

manuf act ured by N ppon Kayaku Co., Ltd., "NC 2000L" (phenol aralkyl
epoxy respireEpoxy equivalent: 236 g/eq) manufactured by N ppon
Kayaku Co., Ltd., and "N-655-EXP-S" (ortho-cresol novol ac epoxy
resin, ephameqdyval ent: 200 g/ eq) manufactured by DI C Corporation.
- 106 - The phenol resins used were the above-described (A-1) to
(A7), "TDAL31" (phenol novol ac r@si n, hydroxylf\equi val ent: 104 g/eq)

manuf act uke® by DI C Corporation, [»RLC-3L" (phergeP aral kyl resin,
hydr oxyl eguivalent: 172 g/eq) mawufactured by tsui Chem cal s,
Inc., and@ MEH 7851SS" ( bi '
200 g/ eq) uf act d by
accel er at gr _ys®d (GHpRen

phenyl ohovol ac resgy no hydroxyl equival ent:

i i , Ltd. The curing
Rk C flame ret &2dants
"Ecomag Z- 10"/ nma ctured by Air

Wat er | rte and al um num h #Xi de (" CL-3037 nran ctured by Sum tono
Chem cal 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 yglyci doxytriethoxysilane ("KBM 403"

o L SR S Cond L T g

car bon r F{;gﬁ J_c%g)é)g@g i Qrdi ng to each
of the ?;o%s%ges S orv\%&ﬁ?Ta les 1 ae}(ljv%y chrg% Xﬁgﬂljltl%gg%ed with two
rolls atg@a-janpesptasgnefa @€ for 5 mnutes, thereby preparing an

i ntended conposition. The resultant conposition was ground and then
mol ded in§»7A di sk shape of 00 nmx 3 (t) mmor a rectangul ar shape
of 12.7 mmwi dth x 127 mmlength x 1.6 nmthickness using a transfer
nmol di ng racdmnesfor a tinme of 180 seconds at a pressure of 70 kg/cn®,
a ram speed of 5 cmsec, and a tenperature of - 107 - 175C. The

nol ded product was further cured at 180C for 5 hours. Wth respect to
t he physical properties of the cured product, a test piece was forned
fromthe cured product of the transfer nolding by a nethod descri bed
bel ow, and heat resistance, a coefficient of |inear expansion,




[0197] <Curability> First, 0.15 g of each epoxy resin
conposition was placed on a cure plate (manufactured by Therno
Electric Co., Ltd.) heated at 175C, and timng was started with a
stop watch. A sanple was uniformy stirred with a tip of a bar, and
when the sanple was cut into filanents and remained on the plate, the
stop watch was stopped. The tinme taken until the sanple was cut and

remai ned on the plate was determ ned 88 3 gel tinme. - 108 - <Heat
resi st ance> G ass transition tenperature: nmeasured using a

vi scoel asticity nmeasuring device (solid viscoelasticity measuring
device "RPA I'1" manufactured by eonetrics Co.), doub cantil ever
nmet hod; f uency 1 Hz, heating e 3¢ mn). <Coeffic t of linear
expansi on> The cured product was fornmed into a test piece of
about 5 in wdth and about /5 amin length and $

conpr essi dn- node
nmechani gpf=agaj
Co., Lt At the

heat i ng rate. 3 Cmn (two t| NE nmeasur enent teyparature range:
-50C to 250C), a coefficient of Ilnear expansi on at 50C was neasured.
<Adhesi on> The cured product was fornmed into a test piece of 10
mmin width and peel strength was neasured at a speed of 50 mi min.

<Mbi st t d Id t haped t.est
o1 oce. of (O ST 5 (1 ?”rﬁﬁé’%@eéﬁiﬁ% ”fs?%.ls%%e%b%%%pfqrﬁﬁfo 4

treat ne heij n al | owed to. stand at nos re. of and 85%
RH f or aégphou‘f%l nd Then T et set kll rr}laaVlsoq claercp SAth or?egh‘g(?
seconds 6&&&‘&{8 r!fﬁélﬂ? %&%é%&eerpgec?‘ }:%; aﬁ{% following structurail

formula B4:

[0128]

Sriene -

(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



- 109 - Good: No occurrence of crack Poor: Cccurrence of crack <Flane

r et ar dancy> A conbustion test was conducted using five

eval uation test pieces of 12.7 mmin width, 127 mmin length, and 1.6
nmin thickness according to the UL-94 test nethod. *1: Tot al
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] °BEnprThD e 21

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



13171
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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]



Il M N | 1917 ye | ooz pOO0O I[0-A

_73_

(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



| OP

I L Example 19 | VG

- 74 -

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
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{(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]

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



OOO0E- ON HOOOP- XA N-655-EXP-S 1.-V Z-V GV P-V SV SS LS9G H3LN
XLC-3L 1,912-01 ' Al um num hydroxi de ' Mgnesi um hydroxi de ddl|
"Fused silica

_95_

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.
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<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.
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conponents,

a struct

resin according to Claim6 or 7, wherein
vi sconeter |

s 0.1to

A heat-curable resin conposition

c

an epoxy resin (A') and a curing
wherein the epoxy resin (A) has an epoxy resin structure
re in which a plurality of

el etons (ep) are bonded to

each other through an al kyli dene group or a nethyl ene group having an
aromati ¢ hydrocarbon structure,

resin stfQc®re has a napht hyl met hyl

and an aromatic nucl eus of the epoxy
group or an anthryl net hyl

group.

[ A aim10] The heat-curable resin conposition according to Caim
9, whereiTehke 2boxy resin (A ) contains the naphthyl nethyl groups or
anthryl et hyl groups at a rat1 o pEomph@tivd |Ooaipeative[Cokthar&tivé[Bdmparative
relative to a total nunber of 10D Baniphes 9l Eearbylk®X)y Egaaple-7C DBkahple By
ar omat i fEIGTEEIONS [EBMHesdribE&IAM [[1] Ilge hegl-curabl e regin
conposi {ion accordipg 1o Caim9or 10, wherein thel epoxy resin (A")
has a nelt viscosiiE-7qdestnBéd ™ pP. 1 to 100 dPa.s nepsurgsl wifh an TC
vi sconefer. [C ai mAR]2) A sem conduct of encapsu| ating maferi al
conprising, in addif#8on to the epoxy7resin (A') and| the curiphg agent
(B'), ap inorganic |NBEb&EXmE a rhtio of 7006 to 95% py nass 1 h th&s
conposi {C@ihg agenfl 1A [ O ai m 13] A cured product produced by a
curing feaction of [Aze heat-curaple resin [conpositipn accordjng to
any one| of 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, abbreviations are as follows.

NC-2000L: phencl aralkyl epoxy resin

manufactured by Nippon Kayaku Co.,

236 g/eq)

NC-3000:

biphenyl novclac epoxy resin

Ltd.

r

("NC-2000L"

epoxy eguivalent:

("NC-3000"




Clains 9 and 10. [C aim 14] An epoxy resin having an epoxy resin
structure having, as a basic skeleton, a structure in which a
plurality of glycidyloxy group-containing aromati c skel etons (ep) are
bonded to each ot her through an al kyli dene group or a nethyl ene group
havi ng an aronati c hydrocarbon structure, and an aromatic nucl eus of
the epoxy resin structure has a napptﬁﬁiqpthyl group or an

ant hryl met hyl group. [C aim 15] The €poxy resin according to Cl aim
14, wherein the ratio of the total nunber of the naphthyl net hyl
groups or anthrylnmethyl groups is 10 to 200 relative to the total
nunber cfan@feofutdd oy yitipydoxla gabapcecontaidi ngepe et del skbert ons
(ph). [Caim16] The epoxy resin according to Caim1l4 or 15, wherein
the mel t274 se6sity of the epoxy resin at 150C measured with an | Cl

visconeter is 0.1 to 100 dPa.s.
¥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" manufactured 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]



- 115 -

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.



