DESCRIPTION PHENOLIC RESIN, PRODUCTION METHOD AND USE
THEREOF TECHNICAL FIELD [0001] The present invention relates to a
phenolic resin useful for a molding material, various binders, a coating
material, a laminating material or the like; a production method thereof;
and an epoxy resin composition using as a curing agent for an epoxy
resin them, or a cured substance thereof. In specifically, the present
invention relates to a phenolictgsiirh&iihgiflame retardance, fast curing

proper d low_melt viscosity, which is useful for a curing agent for
eporg TECHED3sGit SoMoonUeier MM ATSHAS and & FroROE
method thereof. BACKGROUND ART [0002] As a method for sealing a
semiconductor, a resin-sealing with an epoxy resin is generally used in
TEGi 6Pgodd Balance of economical efficiency, productivity and physical

erties, and among them, the resin-sealing composed of an o-cresol
novolac-type epoxy resin and a phenol-novolac curing agent and an

inorganic:filer-suah-as silisa-has been-ised widelyiowever, rifsreceMerul
years, with a larger size LSI chip, a thinner/more compact size package,
foand changenst apackabing systehyBEtHel 1ike Perfernsardel reguiveeetoia L ,

- Sealud material bas been, changed jargely Andisulielentiespanse i,
conventional epoxy resin sealing material has become difficult, in respec
antd dwmidity yesistance; heat resistancasretigbiity ar the-like, dgent for an
epoxy resin them, or a cured substance thereof. In specifically,
the present invention relates to a phenolic resin having flame
retardance, fast curing property and low melt viscosity, which

is useful for a curing agent for epoxy resin-based semiconductor

sealing materials, and a production method thereof.

BACKGROUND ART
[0002]

As a method for sealing a semiconductor, a resin-sealing
with an epoxy resin is generally used in view of good balance
of economical efficiency, productivity and physical properties,
and among them, the resin-sealing composed cf an o-cresol
novolac—type epoxy resin and a phenol-novolac curing agent and
an inorganic filler such as silica has beenusedwidely. However,
in recent years, with a larger size LSI chip, a thinner/more
compact size package, and change of a packaging system or the
like, performance recguired to a sealing material has been
changed largely, and sufficient response by a conventional epoxy
resin sealing material has become difficult, in respect to

humidity resistance, heat resistance, reliability or the like.



For example, in heat treatment in soldering, a present problem is

generation of crack or peeling of a package accompanied with abrupt

vaporization and expansion of absorbed moisture. In particular, with

increasing use of lead-free solder in recent years, this problem has

become increasingly serious. In addition, use of a bromine compound or

an antimony compound, conventionally used as a flame retardant, has
Fobesnareekaminedh from envrommentdpoblems 00033 Ateordiniglyroblem
. there has been desiredﬁﬁ development of an epoxy resin or a curin d with
15 FINE hAvg 10w niois e%b?&%%lbﬁf} I8£ 8145tic Tedulys st Séldering”
ableipperaiwe and excsllent adbesionropediesaaddiiontherehas.  1n

been desired a development of an epoxy resin or a curing agent difficult
pa it tonibustionidnd has exeelernt fltetétardafcé [ep0a) Asa duringcent
agent sgﬁifg/in%rs ch requirements, there has been noticed a}e%h%n%ﬁc In
resin having a |p%enyﬁnsk‘e?e§on erved from ai, F |s¥ne?hy %lplﬁehyl o
=deompeynd.ang phenrols {far example, seaPatentReferences ¢ angrgpund,

However, an epoxy resin composition obtained by using such a phenolic

CoFeEm Bs A euring Wdgeht2Rad & dPaRbaECRAARE InfefdP CORIRG Fropergined
C red wit resin composition obtained by using a
fr%%eﬁ%ﬁgrga%ﬁﬁ?\%g%%{;%\%?rgé% 4,4'-xylylene compound and a phenol

roas ajcuring agent. Still more, temperature of a kneading roll or a kneader
in producing semiconductor sealing materials or the like is equal to or

lowéithan 4208} and" téimBeritire gdiial 46 ot hitghet taK isiHiakes ©F 2»
epB%@ufggﬂﬁﬁor a curing agent having low moisture absorption,

Ve

low elastic modulus at soldering temperature and excellent
adhesion properties. In addition, there has been desired a
development of an epoxy resin or a curing agent difficult in
combustion and has excellent flame retardance.

[CC04]

As a curing agent satisfying such requirements, there has
been noticed a phenolic resin having a biphenyl skeleton derived
froma 4,4’ -bismethylbiphenyl compound and phenols (for example,
see Patent References 1 and 2). However, an epoxy resin
composition obtained by using such a phenclic resin as a curing
agent, had a drawback having inferior curing preperty, as
compared with an epoxy resin composition obtained by using a
phenclaralkyl resin derived from a 4,4’ -xylylene compound and
a phencl as a curing agent. ©5till more, temperature of a
kneading roll or a kneader in producing semiconductor sealing
materials or the like is egual to or lower than 120°C, and
temperature equal to or higher than this makes production of

sealing materials difficult because of generation of a problem



sealing materials difficult because of generation of a problem 2 of
viscosity increase or the like, caused by a reaction between an epoxy
resin and a curing agent in kneading. Therefore, as a curing agent or an
epoxy resin used in this application, one having a softening point of equal
to or lower than 100C, preferably equal to or lower than 80C is desirable.
On the other hand, it is desired that melt viscosity is low at a molding

of ternperatiite regioreefsa cuiring agénter, anapoxy iesin, rearderofp between

maintain melt viscosity low in molding, even when a large quantity of
ST GARIC T 218 Rom UL, SHRGH ard CUSEHUA f be VoRTBOdded 2

a o semiconductor %%ﬁlfggga@@t%@ﬁn Hewever, a phenalis fesin having ane
biphenyl skeleton, described in the above documents, had a problem that
hapy Makingsavdraigen moleeuldr wieslght $hddlleito lower rigtiviscosiy, 100°C,

crystallization tends. to occur more easily, resulting in abrupt_increase in _
. To00s) Pateh Koo £ P oA DO TIR6S Dot £
ot Referenee, 2 JR-ARND0r226498 -DISCL OSURE: OF/INVENTIONa molding

PROBLEMS TO BE SOLVED BY THE INVENTION [0006] Accordingly,
CefesprRisent indenters have Sidied WAy to° BhtairFa Pherdi fesinh order

cohadglmproxed eullag ponarty., wiscositycharagierislics, flame.. - -rqe
retardance or the like, without substantially impairing characteristics of a
qupheralic resin havingtheabas biphenyk skeletomanchas:a,resulii toundre
essential to be compounded inte semiconductor sealing materials.
However, a phenclic resin having a biphenyl skeleton, described
in the above documents, had a problem that by making average
molecular weight smaller to lower melt viscosity,
crystallization tends to cccur more easily, resulting in abrupt
increase in softening point.

[0005]

Patent Reference 1: JP-A-2000-1290092

Patent Reference 2: JP-A-2000-226498

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[CO0s]

Accordingly, the present inventors have studied a way to
obtain a phenolic resin having improved curing property,
viscosity characteristics, flame retardance or the like,
without substantially impailring characteristics of a phenolic
resin having the above biphenyl skeleton, and as a result, found
that by the addition of a specific amount of an arcmatic aldehyde

in a reaction between 4,4'-bismethylbiphenyl compcund and



that by the addition of a specific amount of an aromatic aldehyde in a
reaction between 4,4'-bismethylbiphenyl compound and 3 phenols, a
phenolic resin with desired property can be obtained. Therefore, it is an
object of the present invention to provide a phenolic resin having
improved properties, a production method, and use thereof. MEANS FOR
SOLVING THE PROBLEMS [0007] That is, the present invention relates
phtomaphenotit ¢esih i represented 1y thesfollowing general formuoka¢bfained.
. [0008] [Formula 1] OH OH OHR ~HCR HNC (D ~~OH2 H ~1) MRI/n,
TR Ritt] "Wherein RETS AM/aTsgé anda G E6 dikyigrbasorsh Payr -o°
a (HOHR: Rrovided, that.each of Ris:Alist- B b may bg e, $am8 8h methed,
different. R2 is an aryl group, prowdeé)that each of Res of m may be the
- ansamesortdifferari.- And m and n are integer, provided that m + n is from 2
to 30, and m/n is from 5/95 to 5.0/50. [0010] In addition, the present
invention also relates to a phenolic resin obtained by reacting phenols
vrrepresented py/the: fallowing generad formula (2), a biphenyl compound
~ represented by the following general formula (3) , and an aromatic
[allehyde

That is, the present invention relates to a phenclic resin
represented by the following general formula {1).

{00083

[Formula 1]

OH OH OH

RZ

HC H,C CH, H
PR I WAL

R R m R n
[0009]

Wherein R* is a hydrogen and a C; to Cg alkyl group or an
arvl group, provided that each of Rls of (m+ n + 1) may be the
same or different. R? is an aryl group, provided that each of
R?s of m may be the same or different. And m and n are integer,

provided that m + n is from 2 to 30, and m/n is from 5/95 to

50/50.
[0010]

In addition, the present invention alsc relates to a
phenolic resin obtained by reacting phencols represented by the
following general formula {(2), a biphenyl compound represented

by the following general formula {(3), and an aromatic aldehyde

)



4 represented by the following general formula (4). [0011] [Formula 2]
OH 0 (2) R [Formula 3] XH2C \/ CH2X (3) [Formula 4] R2 CHO (4)
[00121 Wherein R1 in the formula (2) is a hydrogen and a C; to C6 alkyl
group or an aryl group; X in the formula (3) is a halogen, an OH group or
an OCH3 group; and R2 in the formula (4) is an aryl group. The above
phenolic resin can be obtained by subjecting to a reaction preferably in a

remolaeratioddfithe total of thebiphenykeempoutid andlthe @rpmatic
aldehyde relative to the phenol of from 0.10 to 0.60, and in a ratio of the

[OGrdmatic aldehyde / the biphenyl compound (reaction molar ratio) of from

[Fg%tpgglfo. [0013] In the above reaction, in the case where X in the
formula 5 (3) is an OH group or an OCHS3 group, it can be carried out in
the presence of an acid catalyst, and in the case where X in the formula
(3) is a haf¥den, it can be carried out in the presence of water.

()

{Formula 3]

XH2C~<\—/>—<\—/>——CH2X 3)

[Formula 4]

RZ— CHO (4

r001z2]

Wherein R' in the formula (2) is a hydrogen and a C; to Ce
alkyl group or an aryl group; X in the formula (3) is a halogen,
an OH group or an OCHs; group; and R® in the formula (4) is an
aryl group. The above phenolic resin can be obtained by
subjecting to a reaction preferably in a molar ratio of the total
of the biphenyl compound and the aromatic aldehyde relative to
the phenol of from 0.10 to 0.60, and in a ratio of the aromatic
aldehyde / the biphenyl compound (reaction molar ratio) of from
5/95 to 50/50.

[0013]

In the above reaction, in the case where X in the formula



[0014] The present invention also relates to a curing agent for an epoxy
resin composed of the above phenolic resin, and an epoxy resin
composition containing the above phenolic resin and an epoxy resin, and
still more an epoxy resin cured substance obtained by curing the same.
ADVANTAGES OF THE INVENTION [0015] According to the present
invention, there can be provided a phenolic resin having low softening

(3nointand lewy meltyiseesity, whieh i%k‘é@f&’! fara melding materals cut in
various binders, a coating material, a laminating material or the like.

thguehr asshierolic fesin is padtictidsy Vséful a5a curindiagents fordpoxy X 1in

eI ANGIn the case where s used for, semicondudior sealing. Lis. ...
capable of forming an epox? resin composition having low frielt Vistosity,

o ffagkeuring property, low water absorbing property, high adhesion
property, low elastic modulus at high temperature and excellent flame

[ (étdrlance. BEST EMBODIMENT FOR CARRYING OUT THE

INV IQN_[001.6].1n.a phenglic_resin re ted, by the ahove ra
formalie (1) RE & a My ragan anaC. (5 Lt ot Srou. 1o epariae o o
aragnethyl:gretp, ametbykgrodpr Bngrepy glotps ahdsopsapyl graupn @poxy
n-butyl group, an isobutyl group, a t-butyl group, a n-pentyl, an isopamyl
T SGrolp SRRy grBlp Cah-ReXyt Gfolp 6r tRE TiRePOFaA aryl grétp fornd an
e§%§§”@%@i9begﬂéﬁg%ewaPﬁBWL an epoxy resin cured substance

obtained by curing the same.

ADVANTAGES OF THE INVENTION
10015]

Lccording to the present invention, there can be provided
a phenolic resin having low softening point and low melt
viscosity, which is useful for a molding material, various
binders, a ceoating material, a laminating material or the like.
Such a phenolic resin is particulariy useful as a curing agent
for epoxy resin, and in the case where 1t 1s used for
semiconductor sealing, it 1s capable of forming an epoxy resin
composition having low melt viscosity, fast curing property,
low water abscorbing property, high adhesion property, low

elastic modulus at high Temperature and excellient flame

retardance.

BEST EMBODIMENT ¥FOR CARRYING OUT THE INVENTION
[0016]
Inaphenolicresinrepresented by the above general formula

{1y, R' is a hydrogen and a Ci; Lo Cg alkyl group, for example,



group or the like, provided that each of R's of (m + n + 1) may be the
same or different. In particular, one in which all of Rls are hydrogens is
preferable because raw materials are low cost, and show an excellent
performance as a curing agent for an epoxy resin. In addition, in a
phenolic resin represented by the above general formula (1), R2 is an aryl
group, provided that each of Res of m may be the same or different, for

a @@me@@egenxlrgr@@%/@ tohhgroun, a-napbifyl grednpa hipheaybropy 1
group or the like is included, and In particular, one having a phenyl group
9T s preferableninyaddiionpin arpHeriglic Fesing representad bythe abover, &

eneral formula (1 and n are infeger of 1 or larger, and it may be a
" BeReH b1 o3 ORGP Bening ST arEvaliE orin e & o0 o
theonsidsration ofmelt yiscosjtys one hamingan ayerage valuef,m bawflyl
from 2 to 30, preferable from 2 to 15 is preferable. [0017] A phenolic
ST ee¥intEpresented by hecabs\vegeharal ¥eimiulat (1) eantbd Bbtamed by may

reactin engls repre ed by.the_followin nergl formula(2).a_+7 ¢
beb%p een%?%%m%%uéld“reﬁ?egéé%n'tedztgﬁﬁéc fol %%%g ’geﬁ%%al orm%l“aéflf%)aan”d °
R anaroratic-algehyde srepresentsd by thefollewing:generad fdrmwa(4y 1low

co[sog,]-SC“]Ln[éizosEngxLaggje?a?e%%eél[ifoggqgjf%gaance as a curing agent for
an epoxy resin. In additicon, in a phenclic resin represented
by the above general formula (1), R? is an aryl group, provided
that each of R*s of m may be the same or different, for example,
a phenyl group, a tolyl group, a naphthyl group, a biphenyl group
or the like 1s included, and in particular, one having a phenyl
group 1is preferable. In addition, in a phenolic resin
represented by the above general formula (1), mandn are integer
of 1 or larger, and it may be a mixture of two or more kinds
having different value of mand/or n. In consideration of melt
viscosity, one having an average value of m + n of from 2 to
30, preferable from 2 to 15 is preferable.
[0017]

A phenclic resin represented by the above general formula
(1) can be obtained by reacting phencols represented by the
following general formula (2), a biphenyl compound represented
by the following general formula (3) and an aromatic aldehyde
represented by the following general formula (4):
[0G18]

[Formula 5]



XH2C \ /\ ~J-CH2X (3) [Formula 7] R2- CHO (4) [0019] R1 and R2 in the
above formulae (2) and (4) are the same as R1 and R2 in the above
formula (1) , and X in the above formula (3) is a halogen, an OH group or
an OCH3 group. In general, by the reaction of (2), (3) and (4) , there are
generated not only a phenolic resin represented by the general formula
(1), but also phenolic resins corresponding to those havingm =0orn =
0 in the general formula (1) , therefore, in the case where a phenolic resin
corresporfdihg to the general formula (1) is desired to be obtained, they
may be retagved from the reaction products. However, even when the
above eactio product (a pﬂenolic resin), which contains phenolic resins
puondipg to those having m = 0 or n = 0 in the general formula (1), is
A4S ITTS as a curing agent for an epoxy resin, an epoxy resin
composition having desired performance can be obtained, 8 therefore,
the abov% emoval operation is not required usually. [0020] As phenols
ormula ; .
répresented by the general formula (2), there are included specifically
phenol; o-, m-, or p-cresol, ethylphenol’, n-propylphenol, isopropyphenol,

[F

t-butylphen ol, n-hexylphenol, phenylphenol, and the like. In
particular/phena| is & suitable raw material. 8921] In addition, in a
bf the _

[Formula 7]

R:-CHO (4)

[0C19]

' and R® in the above formulae (2) and [(4) are the same
as R' and R® in the above formula (1), and ¥ in the above formula
(3) is a halogen, an OH group or an OCH; group. In general, by
the reaction of (2), (3} and (4), there are generated not only
a phenolic resin represented by the general formula (1), but
also phenclic resins corresponding to those having m = 0 or n
= ( in the general formula (1), therefore, in the case where
a phenolic resin corresponding to the general formula (1) is
desired to be obtained, they may be removed from the reaction
products. However, even when the above reaction product {a
phenclic resin), which contains phenolic resins corresponding
to those havingm = 0 or n = 0 in the general formula (1), is
used as it is as a curing agent for an epoxy resin, an epoxy

resin composition having desired performance can be obtained,



general formula (3), X is a halogen, for example, a chlorine, a bromine,
an iodine; an OH group or an OCH3 group, and specifically,
4,4'-bischloromethylbiphenyl, 4,4'-bisbromomethylbiphenyl,
4,4'-bisiodomethylbiphenyl, 4,4'-bishydroxymethylbiphenyl,
4,4'-bismethoxymethylbiphenyl, or the like is exemplified. [0022] Still
more, as an aromatic aldehyde represented by the general formula (4),

th#wereds ¥)cluded: specifically,kenzaldebyde; pielualdehydes red usually.
naphthylaldehyde, biphenylaldehyde or the like. It is particularly
[O%?@férable to use benzaldehyde. [0023] In the reaction of the above (2),

(3)_%{119 g(;@c?ﬁ%%d% 9_»89@{{%8&%?%94?&@%@9;%%%91% molecular.. ..

weight and excellent performance as a curing agent for an epoxy resin, it

aris prefefabledd carryut the réactigrkmra inolaprgtio ofthe datal pfthescl,
biphenyl compound and the aromatic aldehyde relative to the phenol of

3

St REhPB APt 0. 80 FTrarEBRERGY 01546 CRYPRRRf a ratid G theonenol,
- SEQMgc aldehvder/dhe Schiphenyl compaundgeasionmelaratio ot 1n

from 5/95 to 50/50, preferably from10/90 to 55/45. The above reaction
pacan bel garrigcheutdt a teraperatireofdrom about 6016 150C for from
wﬁ?ﬁjt 1 to 10 hours, in the presence or absence of a catalyst. That is, in
ase where X in the formula (3) is an OH group or an OCH3 group,

the rgaction.is negessarydobesarded out ipdhe presencesefranacidy the
catalyst, and in the case where X
general formula (3}, X is a halogen, for example, a chlorine,
a bromine, an iodine; an CH group or an 0OCH; group, and
specifically, 4,4’ -bischloromethylbiphenyl,
4,4"-bisbhromomethylibiphenyl,
4,4" -bisiodomethylbiphenyl, 4,4’ -bishydroxymethylbiphenyl,
4,4 -bismethoxrymethylbiphenyl, or the like is exemplified.
[0022]

Still more, as an aromatic aldehvde represented by the
general formula {4y, there 1s included specifically
benzaidehyde, p~tolualdehvyde, naphthylaldehyde,
biphenylaldehyde or the like. It is particularly preferable to
use benzaldehvyde.

[0023]

In the reaction of the above (2), (3} and {4), in order
to obtain a phenolic resin having suitable molecular weight and
excellent performance as a curing agent for an epoxy resin, it
is preferable to carry cut the reaction in a molar ratic of the
total of the biphenyl compound and the arcmatic aldehyde
relative to the phencl of from 0.10 to 0.80, preferably from

0.15 to 0.40, and in a ratio cf the aromatic aldehyde / the



in the formula (3) is halogen, the reaction can be initiated in the presence
of trace amount of water, and in addition, the reaction can be progressed
by a hydrogen halide generating by the reaction. [0024] As an acid
catalyst that can be used in the above reaction, an inorganic acid such as
phosphoric acid, sulfuric acid, hydrochloric acid; an organic acid such as
oxalic acid, benzene sulfonic acid, toluene sulfonic acid, methane sulfonic

b1 86ids fuluoromethane-sulfonic,acid; and ahriedel-Grafts catalyst suchaso,

zinc chloride, stannic chloride, ferric chloride, diethyl sulfate may be used
prafbaesdrlin conasindtiot? In the dasés Wher8 agphenolie resiz of ageaction be

roduct is used in an_electronics material ap) lication such as.. .,
cagemlccg)r?c‘fuctor seéif:’n%peprraegence oj?a(%méJ res%u&sé:l%t%pre r(%lb?e;fo"'[r From

abtherefore, use ef hydrochiorie acid-as the aciskcatadyst ds pegfesables a1 v st .
because hydrogen halide can be removed easily from a condensation

Thegaction Aixfure URRIRE rEdGeed Préssures[JUZB1UBY rémbvirig WRreEcteerur
Orraaw r‘r&%rI%F éfor ex%meole %%grﬁl%) reacggn bélgroductskgfor exgrm%lg out
h I

rogen S br methano e catalyst (for exar)ﬁpTe hydroc lorc
im@ﬁléotsﬂ&hk;@:@onf Hhagendensationegactiondnixturerobtained ynthe: x
above condensation reaction, under reduced pressure, a phenolic resin,

inwhieh |§%Fé1§cﬁ|oh3droélEc@%éﬁ%lseﬁ%‘rgteﬁe?ﬁ stieh ac?@aé%ﬁ)rﬂﬁrb%?@d
inf Q@%PQSQI?&O‘@E Wgclﬁémt cgwesponding tofhase haming m = Oy

orn In the general formula
reaction can be progressed by a hydrogen halide generating by

the reaction.
[0024]

As an acid catalyst that can be used in ﬁhe above reaction,
an inorganic acid such as phosphoric acid, sulfuric acid,
hydrochloric acid; an organic acid such as oxalic acid, benzene
sulfonic acid, tcluene sulfonic acid, methane sulfonic acid,
fuluoromethane sulfonic acid; and a Friedel-Crafts catalyst
such as zinc chloride, stannic chloride, ferric chloride,
diethyl sulfate may be used alone or in combination. In the case
where a phenolic resin of a reaction prcduct is used in an
electronicsmaterial application such as semiconductor sealing,
presence of acid residue is not preferable; therefore, use cf
hydrochleoric acid as the acid catalyst is preferable, because
hydrogen halide can be removed easily from a condensation
reaction mixture under reduced pressure.

[0025]
By removing unreacted rawmaterials (for‘example,.phenols),
reaction byproducts {(for example, hydrogen halides or methanol)

the catalyst {for example, hydrochloric acid) or the like from

10



(1) are included, as well as a phenolic resin represented by the general
formula (1) . By removing a part of or all parts of the phenolic resins
corresponding to those having m =0 or n = 0 in the general formula (1),
from such a reaction product, purity of the phenolic resin represented by
the general formula (1) can be increased. However, even when a
phenolic resin, which is the above reaction product, is used as it is,

a desired Rerfarmance.can be shown.as,acuringagent for an epoxy reginy e
therefore, the above operation for enhancing purity is not usually

coretiried: Asforeaverage compesitiordn st hpasnixedephepdlicyesin; resin,
c%ording to charging ratio of raw materials, in the %eneral formula (1

Whgwcere is"oltained %%%v%@o 1‘r1§r11:ge B?Pati%eof fir s 5‘?\t&dﬁom%9953t‘bm &

»=20/60; preferably: from 10/90 t-35/45and in:addition, average value-ekna s
is from 0.05 to 2.5, preferably from 0.2 to 1.2; average value of n is from
cog e 1 50 grafé fabiyfion 2 i te2e=dverage-valae 61y seamisr fbarraula

0 7.0, preferably from 1.1 to 5.0; and average value_of m / average valye
L R A of o 8155 o' S0rS0L Freieraty S LCHat e FOTb >

thaddiionr C| mettviseosityy at PG dsia rangeof fromrle £0:200 paRas of
preferably from 50 to 180 mPas. In addition, because the above
theepa1afioh 16peiation Urftef Féqacst prasstfe, WitieR is@dfied sufin® or n

- Qrder g remoye unreacted raw materigls andhe,like ipthe.angye ¢,

reaction product, Is usually carried out at a temperature of 11 equal to or
puligherdifiantEB0Cehy Dllenching.aneysolidifying dhey reactigarpsoduct straula
melt state obtained b% said operation as it is, isolation as_an amorphous

(1§oﬁal’hg\ﬁﬁld’lg%%%ﬁ g pgmfever, even when a phenolic resin, which

is the above reaction product, is used as it is, desired
performance can be shown as a curing agent for an epoxy resin,
therefore, the above operation for enhancing purity is not
usually required. As for average composition in such a mixed
phenolic resin, according to charging ratioc of raw materials,
in the general formula (1),there is obtained one having a range
of ratio of mand n of from 5/95 to 50/50, preferably from 10/90
to 55/45; and in addition, average value of m is from (.05 to
2.5, preferably from 0.2 to 1.2; average value of n is from 0.7
to 5.0, preferably from 1.1 to 2.6; average value of m + n is
from 1.1 to 7.0, preferably from 1.1 to 5.0; and average value
of m / average value of n is in a range of from 5/95 to 50/50,
preferably from 10/90 to 40/60. Inaddition, ICImelt viscosity
at 150°C is in a range of from 10 to 200 mPa-s, preferably from
50 to 180 mPa-s. In addition, bszcause the above separation
operation under reduced pressure, which is carried out in order
to remove unreacted raw materials and the iike in the above

reaction product, is usually carried out at a temperature of

11



(JIS K2207) of from about 50 to 80C can be possible. [0026] A phenolic
resin, which is the above reaction product obtained in this way, generally
has excellent transparency, low melt viscosity at a molding temperature
region and excellent processing performance. Therefore, it can be used
as a molding material, various binders, a coating material, a laminating
material or the like. It is particularly useful for a curing agent for epoxy
equesin andim the easehuehefe3 it 1 ySed asiancuringyagent s epoxy ying the
resin-based semiconductor sealing materials, it is capable of providing an

T 305 TeBitEoiTposttich aving fast Tt property a¥iwell wTeq o
it MOIstuLe. aBSqrbing SPLopeHty, Iow claste mogulys A dighlemperaling, o : ne

high adhesion property, and excellent flame retardance. [0027] As an
{ J EpoKY 26Sin thét Carvbealseawitd tHecalfdVe plyemolize resiadnltie above
epoxy resin composition, there is included, for example, an epoxy resin
[a @;ng two or more epoxy groups in a molecule, for example, a glycidyl

ethey-type £POXY: resin sHch ,asi @ bisphena| A-typeRpoxydesiled product
bisphenol F-type epoxy resin, a cresol novolac-type epoxy resin, a phenol
obhavolkad-typs epoxya Yesteadsipheny iy peceseilrssint gansparency, low
enolbipehylaralkyl-type -epoxy resin, an epoxidated substance of
e ajrgalﬁy}lsré)g% tzi’virafkg >‘?ny e%le]bno%d%ﬁgm o?r%%g%f pﬁgﬁél?%a%ﬂﬁcwoﬁ%%ﬁel ent
prikess dicyglopentagiene-type epexy tesin, adibydroxynaphkthalenentypeéing

epoxy resin, at r ipheno imethane- type 12 epoxy resin or the like; a

na gREil estértype & poky: Fesis; aritl coating material, a laminating
material or the like. It is particularly useful for a curing
agent for epoxy resin, and in the case where it is used as a
curing agent in epoxy resin-based semiconductor sealing
materials, it is capable of providing an epoxy resin composition
having fast curing property, as well as low molsture absorbing
property, lowelasticmodulus at high temperature, high adhesion
property, and excellelnt flame retardance.
100271

As an epoxy resin that can be used with the above phenolic
resin in the zbove epoxy resin composition, there is included,
for example, an epoxy resin having two or more epoxXy ¢groups in
a molecule, for example, a glycidyl ether-type epoxy resin such
as a bisphenol A-type epoxy resin, a bisphenol F~type epoxy resin,
a cresol novolac-type epoxy resin, a phenol novolac-type epoxy
resin, a biphenyl-type epoxy resin, a phenolbipehylaralkyl-type
epoxy resin, an epoxidated substance of an aralkyl resin having
zylylene bonding formed by phencl, naphthel or the like; a
dicyclopentadiene-type epoxy resin, a

dihydroxynaphthalene~type epoxy resin, a triphenolmethane-type

12



a glycidylamine-type epoxy resin. These epoxy resins may be used alone
or in combination. In consideration of humidity resistance, low elastic
modulus at high temperature, flame retardance or the like, it is preferable
to use a multifunctional-type epoxy resin having many aromatic rings
selected from a two-functional epoxy resin such as a bisphenol F-type
epoxy resin, a biphenyl-type epoxy resin; a phenolbiphenylaralkyl-type

cpBROXY desin; @nd R epgddated 1substance ot an-aralkyl sgsinhavRdn; and
xylylene bonding formed by phenol, naphthol or the like. [0028] In curing
a GLAR ePok§ITesiA; it VP prefbrable s a cUiIfS actelsfatorgg ins may be

codmb'nation. As.such a.curing accelerﬁtor, a knocyvn cgrin% acee erator, t%
use ai100e Or 1N cczrﬁaln;—h lOi’l. 11 COl’ldSl eratlo [&] umidl Y
cure an epoxy résin with'a phenol resin-based curing agent can be used,

reand ferexampley theresisiiochuded astertiaryramine; arquatemnary., flame
ammonium salt, imdazolesand a tetraphenyl borate thereof, an organic
reHRESFHIRE EFmpoaind BRE-boratettheFssT 8Ad alGudteriaty phosphonium

muSalt A1he fike. n more _SB§8i§§}a'|)/e Ihereqs Ingl %%Q%eg%}ﬁa%mwerings

such as triethylaming, triethylenediamine, benzyldimethylamine, 2, 4,
s e@4ris fdinfethylaminaméthytphenaol, 4;8-eiazabidycle(Ei,@undecens:énol
an imidazole such as 2-methylimidazole, 2,4-dimethylimidazole,

F5 iy 1 SRietny iz ofe, 2-pREhyitidaksle P0xy resing

phéphenykdLnethylimidazale; an organic phasphine compound suchy ase 4
triphenylphosphine, tributylphosphine, tri(p-methylphenyl)phosphine,

s uirigiemdghedyiphaesphine; Ltetrsphenphshosphenibnl. tetraphenyiborate; rned

by phenol, naphthcl or the like.

[oczs;

In curing of an epoxy regin, it is preferable to use a curing
accelerater in combination. As such a curing accelerator, a
known curing accelerator to cure an epoxy resin with a phenol
resin-based curing agent can be used, and for example, thers
is included a tertiary amine, a guaternary ammonium salt,
imdazoles and a tetraphenyl borate therecof, an organic phosphine
compound and borate thereof, and a gquaternary phosphonium salt
or the like. Inmore specifically, there is included a tertiary
amine such as ftriethylamine, triethylenediamine,
benzyldimethylamine, 2,4, 6-tris(dimethylaminomethyl}phencl,
1,8-diazabicyclo (b, 4,0)undecene-7; an imidazole such as
2-methylimidazole, 2,4~dimethylimidazole,
2—ethyl—4—metﬁylimidazole, 2-phenylimidazole,
Z-phenyl~d-methylimidazole; an crganic phosphine compound such
as triphenyiphosphine, tributylphosphine,
tri (p~methylphenyl)phosphine, tri(ncnylphenyliphosphine;

tetraphenylphosphonium tetraphenylborate,



13 tetraphenylphosphonium tetranaphthoic acid borate or the like. Among
these, in view of low water absorption property or reliability, an organic
phosphine compound, or a quaternary phosphonium quaternary borate is
preferable. [0029] Into an epoxy resin composition of the present
invention, an inorganic filler, a coupling agent, a mold releasing agent, a
colorant, a flame retardant, a flame retardant auxiliary, a low stress agent
+ = OF ibe dike maybe Nsed it necessank byibe cadditionot eaction ihe 1ike.
advance. In addition, other curing agents may be used in combination. As
Amepdesdifpie of SuchigtHer Eutiny atfehts therecsetineuded P phémor L

ovplac.resin, a_phenolaralkyl resi he i laralkyl resi r
reg Eé%%l’nla%%thy ara?ky?%é%%, %(g%%lt}\%%raﬁ}%%%?%% Bl Gl Srnary

phiriphenolmethane:typeatovdtac-eesin and the: like:6080] In the case
where the above epoxy resin composition is used for semiconductor
[O%%ﬁng, the addition of an inorganic filler is essential. As an example of

such an jnorganic filler .there isipcluded amgrphous silicas grystallipg: : on,

silica, alumina,” glass, calcium silicate, gypsum, calcium carbonate,
anmagnesite] ccdly1tbdo; mica;anadgiesiazbangm sulfatecorthedikel andipent,
particular, amorphous silica, c&ystalline s'l'&ca or the like . is preferahle. In

® SURIGH, s PréferAblets use & Spherlcar ilsr RAVIAG wide sizé 277 @
1odistribution,50.33 tg enable closestpPagking,Jaorderte inceasey, by the

compounding amount of the filler while maintaining excellent moldability.

addition or reaction in advance. In addition, other curing
agents may be used in combination. As an example of such other
curing agents, there are included a phenol novolac resin, a
chenolaralkyl resin, a phenolbiphenylaralkyl resin, a
phenoclnaphthylaralkyl resin, a naphtholaralkyl resin, a
triphenolmethane-~type novolac resin and the like.

[0030]

In the case where the above epoxy resin composition is used
for semiconductor sealing, the addition of an inorganic filler
is essential. As an example of such an inorganic filler, there
is included amorphous silica, crystalline silica, alumina,
glass, calcium silicate, gypsum, calcium carbonate, magnesite,
caly, talc, mica, magnesia, barium sulfate or the like, and in
particular, amorphous silica, crystalline silica or the like
is preferable. In addition, it is preferable to use a spherical
filler having wide size distribution, so as to enable closest
packing, in order to increase compounding amount of the filler
while maintaining excellent moldability.

[0031]

As an example of the coupling agent, there is exemplified
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[0031] As an example of the coupling agent, there is exemplified 14 a
silane coupling agent such as a mercaptosilane-type, a vinylsilane-type,
an aminosilane-type or an epoxysilane-type, or a titanium-type agent; as
an example of a mold releasing agent, carnauba wax, paraffin wax,
stearic acid, montanoic acid, polyolefin wax having a carboxyl group or
the like; and as a colorant, carbon black or the like. As an example of a

a f@iﬂ%@t&&%@&%ﬁe i§4@ﬁ'yd%%é§a'g%er%at%9@%%% tg%&a%eh-a&%%n, a

compound, a phosphorus compound or the Tike; and | ition, as
vieyamplesoka flame, retardantauxiliary cantimmeny rtrioxidewrithe likeds t ype,
included. As an example of the low stress _agent, silicone rubber, modified

°F ritfite"bbEF, heifietd Biitadiene GBHER nodified SHicone Gircrihe fike s/
caiicuged. [Q932] As.foreompounding. ratio. of an phenoli resin,of fhe ;1 g,

-present invention and an epoxy resin, in consideration of heat resistance,
pomechahical ehardcteristigsaordhetike yéquivalent aatiotof alhydroxidel as a

roup / an epoxy group is preferably in. a range of from 0.5 to 1.5, in
oD &Rictlat, iORFO'8 LES If adkiifort dven irf e Cade STEGR b odh UG TS
re0kothen euring,agents s it is\preferablethataquivalentratio of a hydraxide 5

group/an epoxy group is set so as to be the above ratio. It is preferable
hagag ercuririgractetbratorps 0spli 4 asangeoffromh 01 toE: parisshby and in

aliglghtelative fo 100 parts by welght of the epoxy. resin, in consideraton
of curind charaCteristics 6r Various properties. Stifi- Mdte, it Hn’époxy

t rfeSH @eposiion fofe is included. As an example of the low stress

agent, silicone rubber, modified nitrile rubber, modified

butadiene rubber, modified silicone oll or the like is included.

[0032]

As for compounding ratic of an phenolic resin of the present
invention and an epoxy resin, 1in consideration of heat
resistance, mechanical characteristics or the like, eguivalent
ratio of a hydroxide group / an epoxy group is preferably in
a range of from 0.5 to 1.5, in particular, from 0.8 to 1.2. In
addition, even in the case of combined use of other curing agents,
it is preferable that equivalent ratio of a hydroxide group/an
epoxy group 1s set so as to be the above ratio. It is preferable
that a curing accelerator is used in a range of from 0.1 to S
parts by weight relative to 100 parts by weight of the epoxy
resin, in consideration of curing characteristics or various
properties. Still more, in an epoxy resin composition for
semiconductor sealing, it is preferakble that an inorganic filler
is compounded so as to occupy a ratio of from €0 to 93% by weight
in total compesition, in consideration of soldering heat

resistance, moldability (melt viscosity, fluidity), low stress

15



semiconductor sealing, it is preferable that an inorganic filler is
compounded so as to occupy a ratio of from 60 to 93% by weight in total
composition, in consideration of soldering heat resistance, moldability
(melt viscosity, fluidity), low stress 15 property, low water absorption
property or the like, although it differs a little depending on kind of the
inorganic filler. [0033] As a general method in the case of preparation of
an epoxy resin composition as a,molding material, there is.includec

D1 R for SRRy T Bach o FotGHal i Lrodaeriad "owan

1 tratios ferrexample thy-adnixenandithen agdding kneading dregiment by 1er.
using a heated roll or a kneader or the like, and still more by cooling and
i OGliglification, followed by crushing to a suitable size and tablet making, if

”ecgf§a£y e‘?{et!?gi"%ﬁe&%‘8@'&9%‘8@%'@0%@‘%‘%%rg‘aﬁﬂ% yay g%”i?? epoxy

used for sealing a semiconductor, for example, by transfer molding at

rdewnpressuprestocmanufacturena seficonductarideyvice Heurng sofiarcepoxy a
resin composition can be carried out at a temperature range of, for

megifple; TonFHO6 [ 250E L EXAMPLES 0084] [Exafle ffndals o

pdouEpeck flask equupped with a diseharging pré’%i%;tet!?? lowe" PR, 5844 ng
g (6.20 moles) of phenol, 420.0 g (1.67 moles) of

krd;44dichloronethybiphenylandd &7 ge@t 2@ mole)l of benZatdetiale weréhe
charged, and temperature was raised and theS g)nlside of the system

llﬂ(eec'arﬁél%\ sﬁﬁﬁrg}%téﬁ@%‘? f’@c gﬂalajﬁ?}g and idificatIon, followed

by crushing to a suitable size and tablet making, if necessary,
or the 1ike. Amoldingmaterial obt-ained in this way can be used
for sealing a semiconductor, for example, by transfer molding
at low pressure to manufacture a semiconductor device. Curing
of an epoxy resin composition can be carried out at a temperature

range c¢f, for example, from 100 toc 230°C.

EXAMPLES
[0034]
[Example 1)

Into a four-neck flask eguipped with a discharging spout
at the lower part, 582.6 g (6.20 moles) of phencl, 420.0 g (1.867
moles) of 4,4'-dichloromethylbiphenyl and 19.7 g (0.19 mole)
of benzaldehyde were charged, and temperature was raised and
the inside of the system became a slurry state at 70°C and an
uniformly dissolved state at 78°C to start generation of HC1.
The system was maintained at 80°C for 3 hours, and still more
subiected to heat treatment at 150°C for 1 jour. HCI generating
from a reaction was vaporized outside as it is, and trapped in

alkall water. 1In this stage, there was no residue of unreacted
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uniformly dissolved state at 78C to start generation of HC1. The system
was maintained at 80C for 3 hours, and still more subjected to heat
treatment at 150C for 1 jour. HC1 generating from a reaction was
vaporized outside as it is, and trapped in alkali water. In this stage, there
was no residue of unreacted 16 4,4'-dichloromethylbiphenyl and
benzaldehyde, and it was confirmed with gas chromatography that they

¢, werg allyeacted. Alter completion of the reaction, by supjecting the. .o
C er?o r

system to reduced pressure, HCl and unreacted p émained inside
cothil systemiwerestemavedrxterigor obthe system By treatingdhe systetred.
under reduced pressure finally down to 30 torr at 150C, residual phenol

ALp&aRfdRotdetaticttany fdrednith §s ChroTHAOGFApMA THis rédétie to
reBoductwas drawn oyt whiles maintaiping %@%ﬁ%ﬁ%%éb%é-qgﬂc@e the

pale brown-yellowish transparent (without furbidity cause
syerystallization) epheralicaesir (1) 00851 'SofteningpointRbased oniig the
K2207, of this phenolic resin 1) was 75C. In addition, melt viscosi

SYPS6E, Hrieadured Wit AP FGITMBR ViscotetsY, AL 26 mPasS Stil t 5:39 "G

re@quivalentamaunt of.a hydroxyl group;dpeasurgd %?rn aestylation back;. 5
titration method, was 208 g/eq. [0036] A chart obtained by molecular

chyeight dasasurement b the eheholic rasiv @Udly ar FDIVSwmethod, bipile
e 0 Ll SR e e M b O
transparent (without turbidity caused by crystallization)
phenclic resin {(1}).

[0035]

Softening point, based on JIS K2207, of this phenolic resin
{1y was 75°C. In addition, melt viscosity at 150°C, measured
with an ICI melt wviscometer, was 120 mPa-s. Still more,
equivalent amcunt of a hydrozyl group, measured by an
acetylation back titration method, was 208 g/eq.

10036]

A chart obtained by molecular weight measurement on the
phenclic resin (1) by an FD-MS method, by using a JMS-700 high
resolution mass detector manufactured by JECL Ltd., is shown
in FIG. 1. In addition, the phenolic resin (1) was dissolved
into deuterated dimethylsulfoxide to carry out C-NMR
measurement. A usual C-NMR spectrum is shown in FIG. 2. In
addition, among DEPT methods, which are capable of specifyving
kind of carbon-atom groups, a spectrum of DEPTL135 and a spectrum
cf DEPTS0 are each shown in FIG. 3{a) and in FIG. 3{b), as well
as a spectrum of FIG., 2 was shown alsc in FIG. 3(c¢}, to make

comparison easier. Incidentially, measurement conditions of
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into deuterated dimethylsulfoxide to carry out 13C-NMR measurement. A
usual 13C-NMR spectrum is shown in FIG. 2. In addition, among DEPT
methods, which are capable of specifying kind of carbon-atom groups, a
spectrum of DEPT135 and a spectrum of DEPT90 are each shown in
FIG. 3(a) and in FIG. 3(b), as well as a spectrum of FIG. 2 was shown
also in FIG. 3(c), to make comparison easier. Incidentially, measurement

12-~copgitigns.of 17 13G-NMR were as follows. Apparatus: JINM-ECA400
superconduction FT-NMR apparatus, manufactured by JEOL Ltd.

Nu@@;&amasarem&@%é@@r@mﬂmmwt UsoaFMeihod sRPmtortus,
églete decfgu%%% method DEPT method: DEPT90 and DEPT135
S WIS CRibor 80’ ptilsé: 10 microseconds (observation side) Proton

90 pulse:ll-migrosecqnrds {irradiation side) Measurement temperature:
40C [0037] A peak at the vicinity of from 35 to 55 ppm in FIG. 2 is one
deritiea fronsaprdliphati@etracture, and a peak at the vicinity of from 115

to 15{25@5@ is s one d§rlvgd from %1@%%1 gératecpec structure. In aggltlgn in

FIG among upward pea s n a pea lngpearlng in DEPT
go islerived Sram @ methyt grous; a slowinveagd peak in DEPTI35 is
derived from a methylene group; an upward peak in DEPT90 is derived
front &-hiéthite'§foup; and among usual spectra, one not appearing in

any(&é@%%Hd§guipulse: 10 microseconds (observation side)
Proton 90° pulse: 11 microseconds (irradiation side}

Measurement temperature: 40°C
[0037]

A peak at the vicinity of from 35 to 55 ppm in FIG. 2 is
one derived from an aliphatic structure, and a peak at the
viginity of from 115 to 156 ppmis one derived from an unsaturated
structure. Inaddition, inFIG. 3, amongupward peaks in DEPT135,
a peak not appearing in DEPTO90 is derived from a methyl group;
a downward peak in DEPT135 is derived from a methylene group;
an upward peak in DEPTS0 is_d@rived from a methine group; and
among usual spectra, one not appearing in any cf upward and
downward in DEPT135 is one derived from a gquaternary carbon.
FIG. 2 and FIG. 3 provided analysis result supporting strongly
a chemical structure represented by FIG. 1, in such a way that
the phencolic resin (1) has no methyl groups present, it is
compesed of a methylene group, methine group and a quaternary
carbon; a guaternary carpon is not cobserved in an aliphatic
region and it i1s guaternary carbon having an unsaturated
structure;apdiamethylenegroupjfsQbservedonlyjjlanaliphatic

region and it is an aliphatic methylene group; or the like.
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downward in DEPT135 is one derived from a quaternary carbon. FIG. 2

and FIG. 3 provided analysis result supporting strongly a chemical

structure represented by FIG. 1, in such a way that the phenolic resin (1)

has no methyl groups present, itis composed of a methylene group,

methine group and a quaternary carbon; a quaternary carbon is not

observed in an aliphatic region and it is quaternary carbon having an
EO@@%ajturated structure;. and a methylene group is observed only in an

aliphatic region and it is an aliphatic methylene group; or the like. 18

[0038t Itweas clarified; feain thesenstrubtekal analysistand molecularsis and

weight peaks in FIG. 1, that, in the phenolic resin (1), R'and R2 i n the

mogérataPforitd ) EréSpond to Hydrogen 2dnd tiere SreeRitedca T =5 in

(1Rolymer (meleculanweight 548) with-mzLand n=l; a,polymer (molecular .
weight 730) with m=2 and n=1; a polymer (molecular weight 820) with

armi=tand A=2; a polymet oinelepulaymeight ey withr meighd n528a with
S eEt AT ek e e
a W5l @rndn=4iaswell as variouspalymers,seresponding to.m=0 and N vme
1 or more (molecular weight 366, 638, 910, 1182, 1455), and n=0 and m
(mol aFilote (nolebilarWWeight 276, 458) {00891=[Exanpld 2By darpjingular
o 0 R TR S BTl L e L AU
widA-eichlosamethylbiphenyt was 850:Q 04&:39moles)ght 1365) with m=1
and n=4; as well as various polymers corresponding to m=0 and
n=1or more (molecular weight 366, 638, 910, 1182, 1455), and
n=0 and m = 1 or more {(moclecular weight 276, 458).
[0039]
[Example 2]

By carrying cut in the same manner as in Example 1, except
that charging amount of phencl was 624.2 g (6.64 moles), charging
amount of 4,4’ -dichloromethylbiphenyl was 350.0 g {(1.39 moles)
and charging amount of benzaldehyde was 63.3g (0.60mole), 598.3
g of a pale brown-yellowish transparent (without turbidity
caused by crystallization) phenclic resin (2) was obtained.

Softening point, based on JIS5 K2207, of this phenolic resin
(2) was 79°C. In addition, melt viscosity at 150°C, measured
with an ICI melt wviscometer, was 120 mPa-s. Still more,
eguivalent amount o¢f a hydroxyl group, measured by an
acetylation back titration method, was 191 g/eq.

[0040]

[Example 3]

By carrying out in the same manner as in Example 1, except
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and charging amount of benzaldehyde was 63.3 g (0.60 mole) , 598.3 g
of a pale brown-yellowish transparent (without turbidity caused by
crystallization) phenolic resin (2) was obtained. Softening point, based on
JIS K2207, of this phenolic resin (2) was 79C. In addition, melt viscosity
at 150C, measured with an ICI melt viscometer, was 120 mPas. Still
more, equivalent amount of a hydroxyl group, measured by an '

+nagetylation back fitration mathad, was 191 gleq,, (0040, [Example 31By .

carrying out in the same manner as in Example™1, except 19 that

amcharging ameétntiatplienchwas 66T 5g:16h:04 males) 4 charging. .afaunies)
of 4,4‘-diqhIorometh%IbiphenyI was 340.0 g (1.35 moles) and charging

A AnoHtOr e AZAIdRhy e Was?6 1 8 5 58 MoI8) 5907 g 6F Apedtd - =2 -0

brewg-yellowish. ransparentwithout turhidity, .caused. by-erystallization: «
7 phenoli(l:gresin (3) was obtained. Softening rta%int, basgd on JIS K2207, ofl !

cathigphenolicresia (B} nasizeC. nteddition; melt viscdSity ae 500 alned.
meagured with an ICI melt viscometer, was, 100 mPas. Still more, . ,
GNP 6T S Pt S BRoir ee Rt i adutbh Bage

( 3tjtl’@,{g1:n method, was,20% gleq. ,[O%:h]t [E’&%B@iﬂy‘gﬁ@aﬂym(?uh@a@@red

~same manner as in Example 1, except that charging amount of phenol
wijyhs 641.5 682 holBsFceR@miiy ameant ol mPa-s.  Still more,

4,4'-dichloromethylbiphenyl was 370.0 g (1.47 moles) and charging
R T borca o6 had 17 4316 16 ol s a2l oy e
acetylation back titration method, was 201 g/eq.

[0041]
[Example 4]

By carrying out in the same manner as in Example 1, except
that charging amount of phencl was 641.5 g (6.82moles), charging
amount of 4,4’ -dichlorcmethylbiphenyl was 370.0 g (1.47 moles)
and charging amount of benzaldehyde was 17.4 g (0.16 mole), 535.1
g of a pale brown-yellowish transparent {without turbidity
caused by c¢rystallization} phenclic resgsin (4) was obtained.

Softening point, based on JIS K2207, of this phenolic resin
(4} was 71°C. In addition, melt viscosity at 150°C, measured
with an ICI melt viscometer, was 80 mPa-s. Still more,
egquivalent amount of a hydroxyl group, measured by an
acetylation back titration method, was 198 g/eq.

[0042]
[Example 5]

By carrying out in the same manner as in Example 1, except
that charging amount of phenol was 668.8 ¢ (7.11moles), charging
amount of 4,4’ -dichloromethylbiphenyl was 300.0 g {1.19 mcles)

and charging amount of benzaldehyde was 54.3 g (0.51 mole), 529.5
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g of a pale brown-yellowish transparent (without turbidity caused by
crystallization) phenolic resin (4) was obtained. Softening point, based on
JIS K2207, of this phenolic resin (4) was 71C. In addition, melt viscosity
at 150C, measured with an ICI melt viscometer, was 80 mPas. Still more,
equivalent amount of a hydroxyl group, measured by an acetylation back
titration method, was 198 g/eq. [0042] [Example 5] By carrying out in the

8&mg ner @sdn Example.Ls sxcent charging gmaunt of pienaly
E was 662%%}9 (7.11 molgsg)l, chazlarging a?nﬁc;%%]t of g( o

cavdsg'ddichiorormethylbipheriyl aves 3060l (1:19 aroles)( andweharginge ined.
amount of benzaldehyde was 54.3 g (0,51 ), 529.5 20.g of apale .
oronyMoaTih Kt EperBAE GG My Calaoctyf oy i pationy =+

(5 pheaglic esin (5 wasiektaingd. Seftening peid.ihased onsHSK22Q.0freq

_this phenolic resin (5) was 73C. In addition, melt viscosity at 150C,
w1ieastred Chithren ICl Matwisesmeter, Wads 700mPas. Still mérel 1L more,

o quiv Ieeﬁng ango%r&tnocf a h¥droaxyl r%u , mciasurgdU%y anmgggyl%tgi?n E?é:k an
Titration method. was 191 g/eq. [&5 ﬁ]%}ﬁ&ampﬁe y carrying out'in

acsayesmapneras in Example dy exeeptothat gharging ageunt of phenol
was 702.2 g (7.47 moles) , charging amount of

{0248 Wichloromethylbiphenyl was 225.0 g (0.90 mole) and charging
oy Amount gf benzaldehyde was 95.0 g (0.90 mole) , 524. 4 g of a pale
rown-yellowish transparent (without turbidity

By carrying out in the same manner as in Example 1, except
that charging amount of phencl was 702.2 g (7.47 moles), charging
amount of 4,4’ -dichloromethylkbiphenyl was 225.0 g (0.90 mole)
and charging amount of benzaldehvde was 95.0 g {0.%0 mole), 524.4
g ¢f a pale brown-yellowish transparent (without tTurbidity
caused by crystallization) phenclic resin (6) was cobtained.

Softening point, based on JIS K2207, of this phencolic resin
(&) was 76°C. In addition, melt viscosity.at 150°C, measured
with an ICI melt viscometer, was 70 mPa-s. Still more,
equivalent amount o¢f a hydroxyl group, measured by an
acetylation back titration method, was 178 g/eq.

(00447
[Example 7]

En epoxy resin A represented by the following general

formula (5):

[Formula 8]
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caused by crystallization) phenolic resin (6) was obtained. Softening point,
based on JIS K2207, of this phenolic resin (6) was 76C. In addition, melt
viscosity at 150C, measured with an ICI melt viscometer, was 70 mPa-s.
Still more, equivalent amount of a hydroxyl group, measured by an
acetylation back titration method, was 178 g/eq. [0044] [Example 7] An
epoxy resin A represented by the following general formula (5): [Formula
8] 21 OG OG HZC CHZ H (5) (wherein G is a glycidyl group; and n is a
nugher of from 1 to 10) (biphenylaralkyl-type regin, NC-3000P, with an

H (5)

e i a ratio shown in

Hijectet to two-roll
kneading at 85C 3C for 3 minutes, then cooled and crushed to yield a

{wempositibn. foramoldieg.diisg composition for mokdingasmoidéd by 1 to

10 siigég4atran§1§garrm Idiﬂlg_tmachipe at 175C[2§Lpr2%roninute,s nder a ressure .
bt TOOKATICHZ: “rd et Sijectad B poe cUiTng dt 1808 fF 6 Roureth
weYiold testpiccesfoy testing waterabsorptiongate; flexyralmedulus, @lassk,
transition temperature (Tg) and flame retardance.

Co., Ltd.), the phenolic resin (1} obtained in Example 1, fused
silica and a phosphorous-type curing accelerator
(2= {triphenylphosphonic)phenclate) were compounded in a ratio
shown 1in Table 1, and after sufficient mixing, they were
subjected to two-roll kneading at 85°C £ 3°C for 3 minutes, then
cooied and c¢rushed to vield a composition for molding. This
composition for molding was melded by using a transfer molding
machine at 175°C for 2 minutes under a pressure of 100 kgf/cn®,
and then subjected to post curing at 180°C for 6 hours te vield
test pieces for testingwater absorption rate, flexural modulus,
glass transition temperature (Tg) and flame retardance.
[0045]

Properties of these molding materials were measured by the
following methods.
(1) Water absorption rate

Water absorption rate was measured by subjecting a circular
disk with a sample shape of 50 mm diameter x 3 mm, To watexr
abscrption at 85°C for 168 hours under atmosphere of a relative
humidity of £85%.

Water absorpticn rate (%) = (increased weight amount after

treatment / weight before treatment) x 100



[0045] Properties of these molding materials were measured by the
following methods. (1) Water absorption rate Water absorption rate was
measured by subjecting a circular disk with a sample shape of 50 mm
diameter x 3 mm, to water absorption at 85C for 168 hours under
atmosphere of a relative humidity of 85%. Water absorption rate
(increased weight amount after treatment / weight before treatment) x 100
[ 08249046] (2) Flexural modulus Flexural modulus was measured at 260C,
according to JIS K6911, after standing still a rectangular strip with a

(2 samptecstiapenoB80. %10 x 4 mm, in atmosphere of 260C for 10 minutes.

[0047] (3) Glass transition temperature (Tg) Linear expansion caefficient
BT Bra
fate

was meastred By THATART E6idiHS %%gr%tur%cr%?ﬁﬁigl?gtetgf 18

®6 €1, minuter anda 1g:was determined asamipfiexionspaintofthe lineatmpie
expansion coefficient. [0048] (4) Flame retardance By using a sample

shigth &thircknesslof1% B, arwidiRof Ligeimn ahd alefgiref 185mhpntes.

E retardance was evaluated by measurement of after flame time
according to UL-V94. [0049] '

(3) Glass transition temperature (Tg)

Linear expansion coefficient was measured by TMA underxr
condition of a temperature raising rate of 5°C / minute, and
Tg was determined as an inflexion point of the linear expansion
coefficient.

[0048]
(4} Flame retardance

By using a sample with a thickness of 1.6 mm, & width of
10 mm and a length of 135 mm, flame retardance was evaluated
by measurement of after flame time according to UL-VO4.
[0049]

These evaluation results are shown in Table 1.

[005C]
[Example 8]

A composition for molding was prepared in the same manner
as in Example 7 except that the phenolic resin (2) obtained in
Exanple 2 was used instead of the phenclic resin (1) obtained
in Example 1, and compounding ratio wasg set as shown in Table
1, and evaluation tThereof was carried out. The results are
written down together in Table 1.

[0051)
[Example 9]

A compesition for molding was prepared in the same manner
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These evaluation results are shown in Table 1. [0050] [Example 8] A
composition for molding was prepared in the same manner as in Example
7 except that the phenolic resin (2) obtained in Example 2 was used
instead of the phenolic resin (1) obtained in Example 1, and compounding
ratio was set as shown in Table 1, and evaluation thereof was carried out.
The results are written down together in Table 1. [0051] [Example 9] A

composition for,molding w epared. in the same manner, 23 as in. .
2 D o do IhAt e DHeHOTE ceb(d) SbimEet I LAl Bvgd 17
Exused insteadofiibe phenetie sesio 1} bbtained dnikxamplenl,@ndobtained
~ compounding ratio was set as shown in Table 1, and evaluation thereof
inEE A fiBd 'out® THe TRBIR AL WitleH-dowh d8g&therds TR . j6o55PLe

1, [Example 101 A composition for molding, was prepayed indhe SAMG, 115 are

manner as in Example 7 except that the phenolic resin (4) obtained in
wrExrampleldwnas uged irstedch of Hiel phénolic resin (1) obtained in
: Example 1, and compounding ratio was set as shown in Table 1, and
[08v4itiation thereof was carried out. The results are written down together

[ei=T2hle 1.J9053] [Example 11]

A compesition for molding was prepared in the same manner
as in Example 7 except that the phenoclic resin (4) obtained in
Example 4 was used instead of the phenclic resin (1) cbtained
in Example 1, and compounding ratic was set as shown in Table
1, and evaluation thersocf was carried cut. The results are
written down together in Table 1.

[0053]
[Examples 11]

A composition for molding was prepared in the same manner
as in Example 7 except that the phenclic resin (5) obtained in
Example 5 was used instead of the phenolic resin (1) cbtained
in Example 1, and compounding ratic was set as shown in Table
1, and evaluation thereof was carried out. The results are
written down together in Table 1.

[0054]
Comparative Example 1

A compesition for molding was prepared_in the same manner
as in Example 7 except that a phenolbiphenylaralkyl resin
(having an ICI melt viscosity at 150°C, measured by an ICI melt
viscometer, of 90 mPa-s, and an egquivalent weight of a hydroxyl
group of 205 g/eq) represented by the following general formula

(6) (wherein n is a number of from 1 to 10}, was used instead
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A composition for molding was prepared in the same manner as in
Example 7 except that the phenolic resin (5) obtained in Example 5 was
used instead of the phenolic resin (1) obtained in Example 1, and
compounding ratio was set as shown in Table 1, and evaluation thereof
was carried out. The results are written down together in Table 1. [0054]
Comparative Example 1 A composition for molding was prepared in the
of Saneednanegr asiaExample dhexcent thakamhenolbiphenyaralkylsesii ng
(having an ICI melt viscosity at 150C, measured by an ICI melt
ravyiseorifeter ©Of ICmitayyand af dobivaleneweight of adiydroxylh groupfolas
= 295 dleg) represented by the following general formula, (0) (wherein nisya,
Atmber of from eto‘f(?’), was Used iristead 24°0f t1f1egp eholi€ résin ({?J -
1. obtained in Example 1 and compounding ratio was set as shown in Table
1, and evaluation thereof was carried out. The results are written down
[Feggethér d1so in Table 1. [Formula 9] OH OH H (6) HZC CHZ n [0055]
[Comparative Example 2] A composition for molding was prepared in the
anner as in Example 7 except that a phe %Iaralkyl resin (having

I melt viscosity at 150C, measured by an ICJ 'melt viscometer,
H:C~< >—< >-CH2~©}H (6)
\ /\_/ :

[Comparative Example 2]

[0055]

A compesition for melding was prepared in the same manner
as in Example 7 except that a phenolaralkyl resin (having an
ICI melt viscosity at 150°C, measured by an ICI melt viscometer,
cf 90 mPars, and an eguivalent weight of a hydroxyl group of
168 g/eqg} represented by the following general formula (7)
(wherein n is a number of from 1 to 10), was used instead of
the phenclic resin (1) obtained in Example 1, and compounding
ratic was set as shown in Table 1, and evaluation thereof was

-carried cut. The evaluation results are shown in Table 1

[Formula 10}

OH
s
H,C CH, H ¢
A/,

OH

[0056]



of 90 mPas, and an equivalent weight of a hydroxyl group of 168 g/eq)
represented by the following general formula (7) (wherein n is a number
of from 1 to 10), was used instead of the phenolic resin (1) obtained in
Example 1, and compounding ratio was set as shown in Table 1, and
evaluation thereof was carried out. The evaluation results are shown in
Table 1. [Formula 10] OH OH /HZC CH, H (7) \\/ 6 n [0056] 25 [Table
TlhE)éanﬂﬁ)les Comparative Examples 78 9 10 11 1 2 Raw materials
(parts by weight) Epoxy.resin (A).85.086885085587 7 RAT' 3918
Phenolic resin (1) 62.8 Phenolic resin (Zigér%f&enohc resin| (8)62:@1ve
Phenolic resin (4) 62.2 Phenalic resin (5) 60.0 Phenaihiphenylaratkyles

resin 63.0 Phenolaralkyl resin 56.4 CUring atcelefator 225 2.25.2.25 2
R 28225 P.95(Pa28s by

walight)

Epoxy resin (A) 85.0/86.8|85.0,185.5]87.7 | 84.8 | 91.8
Phenclic resin (1) 62.8

Phenclic resin (2) 61.0

Phenclic resin (3) 62.8

Phenolic resin (4} 2.2

' Phenolic resin (5) 60.0
Phenolbiphenylaralkyl resin 3.0
Phenoclaralkyl resin : 56.4
Curing accelerator 2.2512.2512.258 1 2.25 y2.25  2.258 1 2.45
Silica 850 850 850 850 850 850 850
Molding curing property

/Fluidity

Gelation time (seq) 34 38 36 40 39 37 35

Torgque (175°C, 60 sac) kgf-om | 8.6 9.4 9.4 4.2 3.9 6.0 8.5
Torqgue (175°C, 90 zec) kgfrom | 16.7117.3 | 37.4 | 12.2 1 12.6 | 13.9 | 17.4
Torgue (175°C, 300 sec) kef-em i 21.6,22.01 21,8 .19.2 18,81 18.8 1 24.7
viscosity (175°C, Flow tester) Pars 21 1 17 17 34 17 19
Property of cured substance
Glass transition temp. (°C) 124 125 124 121 122 120 117
Flexural strength {MPa) 22 28 22 22 20 24 24
Flexural medulus (MPa) | 430 | 450 | 430 | 410 | 400 430 520
Flame retardance evaluation

Fmax {seq) g g 6 3 7 9 19

total {(sec) 49 48 47 49 48 50 91

Judgement V-0 | V-0 | V-0 | V-0 | V-0 | V-0 | v-1
[0057]

It is understood by comparison between Examples 7 to 11,
and Comparative Example 1, that those of Examples 7 to 11 are
more excellent in either of curing property in molding or
filuidity, as compared with one in Comparative Example 1, and
in addition, those of Examples 7 to 11 have higher glass
transition temperature, as well as shorter after flame time,
as compared with one in Comparative Example 1. In addition,

those of Ezamples 7 to 11 have higher glass transition

26



Silica 850 850 850 850 850 850 850 Molding curing property /Fluidity
Gelation time (see) 34 38 36 (40 39 37 36 Torque (175C, 60 sec) kgfcm
8.69.49.44.23.96.08.5 Torque (175C, 90 sec) kgfcm 16.7 17.317.4
12.2 12.6 13.9 17.4 Torque (175C, 300 sec) k9f'cm 21.6 22.0 21.9 19.2
19.9 19.8 24.7 viscosity (175C, Flow testes) Pa's 211917 17 14 17 19
Property of cured substance Glass transition temp. (C) 124 125 124 121
tekgd 20,1 Elexuralsirength (MBa) 22 282222 20.24.24  Flexurahpared
modulus (MPa) 430 460 430 410 400 430 520 Flame retardance
wighalaatickERRXE(seer9 B & 87IS19 LRotd|{¥ee )43 15 484 7C40uB50 1ve
Exgzln i%d%enﬂent \é-gdv-c V-0 V-0 V-0 V-0 Vg%;Cl [00571 It is understood by
comparison ‘betwsen fxamﬁes 76 117 %nd Comparative Example 1, that
those of Examples 7 to 11 are more excellent in either of curing property
in molding or fluidity, as compared with one in Comparative Example 1,
BRaRE raddifier thbse of BExamptés’F¥691 have higher glass transition
[Ogﬁ‘@ erature, as well as shorter after flame time, as compared with one in
omparative Example 1. In addition, those of Examples 7 to 11 have
highet glass transhion=2Gitemperatirepand more exeelent flameresin (1)
retardance, as compared with an example where a phenolaralkyl resin of

Obé‘%ﬁ?ﬁ”&?aﬁ@e Example 1.

Fig. 2 1s a Bo-NMR spectrum of the above phenolic resin
(1.

Fig. 3 is each spectrum of (a) DEPT135, (b) DEPT2C and (c)
usual method, in a "C-NMR spectrum of the above phenolic resin

(1.



Example 2 is used as a curing agent. BRIEF DESCRIPTION OF THE

- DRAWINGS [0058] Fig. 1 is a weight spectrum of the phenolic resin (1).
obtained in Example 1. Fig. 2 is a '3C-NMR spectrum of the above
phenolic resin (1) Fig. 3 is each spectrum of (a) DEPT135, (b) DEPT90
and (c) usual method, in a 13C-NMR spectrum of the above phenolic
resin (1) 27 Claims: 1. A phenolic resin represented by the following

Cl%%ﬂgr:al formula (1) : [Formula 1] OHOH OH R IHCR H2C Q O a CH2H
1) mR/n (wherein Rlis a hydrogen and a C to C6 alkyl group or an aryl

1. groups provideckthat eachrefs@n e 1) Ris rfiay bethecsgmesar differentlia
R2 is an aryl group, provided that each of m Res may be the same or

(1 dffferent. And m and n are an integer, provided that m + n is from 20 to

£F§9mﬁ@% nyp is from 5/95 to 50/50). 2. The phenolic resin according to
claim 1, wherein, in the general formula (1) , all of Rls are hydrogen, and
all of Res are phenyl group. 3. A phenolic resin obtained by reacting a

pheno{BHepresentzed iykhe following general formula (2), a biph©hlyl
com

1 P <P£¥£;i:i1§Hgﬁ«<==;}4<f=>}mCHzﬁiizfi:H (1)

(wherein R' is a hydrogen and a C; to Cg alkyl group or an aryl

R

group, provided that each of (m + n + 1) R's may be the same or
different. R? is an aryl group, provided that each of m R°s may
be the same or different. And m and n are an integer, provided
that m + n is from 20 to 30, and m/n is from 5/95 to 50/50).
2. The phenolic resin according to claim 1, wherein, in the
general formula (1), all of R's are hydrogen, aﬁd all of R°s are
phenyl group.

3. A phenolic resin obtained by reacting a phenols represented
by the following general Iormula (2}, a biphenyl compound
represented by the following general formula (3) and an aromatic
aldehyde represented by the following general formula (4):

[Formula 2]
OH

(2

R

{Formula 3]
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represented by the following general formula (3) and an aromatic
aldehyde represented by the following general formula (4) [Formula 2]
OH (2) X0 [Formula 31 28 XHZC CHzX (3) [Formula 4] Rz CHO (4)
(wherein Rl in the formula (2) is a hydrogen and a C, to C6 alkyl group or
aryl group; X in the formula (3) is a halogen, an OH group or an OCH3
group; and R2 in the formula (4) is an aryl group) . 4. The phenolic resin
according to claim 3, wherein a reaction molar ratio of the total of the
biphenyl compound gnd the aromatic aldehyde relative to the phenol is

from 0.10£0 0.6Y, ay aromatic aldehydg/the biphenyl compound

(r% n olar atio) g 51884 50/50. .)The phenolic resin
according te-etai 4/wherein the phenols are phenol, and the

aromatic aldehyde is benzaldehyde. 6. The phenolic resin according to
any one of claims 3 to 5, wherein an ICI melt viscosity at 150C is from 10

(ria209mRas. 7. A method for producing the phenolic resin according to
any one of claims 3 to 6, characterized in that the phenols represented
by the above gener bformula (2), the biphenyl compound represented by
thgéb&%%eneral @ mula (3) and the aromatic aldehyde represented by
the above general formula (4) are subjected to a reaction in the presence
of an acid catalyst,

(wherein R! in the formula {2) is a hydrogen and a C; to Cg alkyl
group or aryl group; X in the formula (3) is a halogen, an OH
group or an OCH; group; and R? in the formula (4) is an aryl group).
4, The phenclic resin according to claim 3, wherein a reaction
molar ratic of the total of the biphenyl compound and the arcmatic
aldehyde relative to the phenol is from 0.10 te 0.60, and the
arcmatic aldehyde/the biphenyl compound {reaction molar ratio)
is from 5/95 to 50/50.

5. The phenolic resin according to claim 3 or 4, wherein the
phenols are phenol, and the aromatic aldehyde is benzaldehyde.
6. The phenolic resin according to any one of claims 2 to 5,
wherein an ICI melt viscosity at 150°C is from 10 to 200 mPa-s.
7. A method for producing the phenclic resin according to any
one of claims 3 to &, characterized in that the phenols
represented by the above generallformula 12%, the piphenyl
compound represented by the above general formula (3) and the
aromatic aldehyde represented by the above general formula (4)
are subjected to a reaction in the presence of an acid catalyst,
provided that X in the formula (3) is an OH group or an OCH; group.
8. The method for producing the phenclic resin according Lo any

one of claims 3 to 6, characterized in that the phenols
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provided that X in the formula (3) is an OH group or an OCH3 group. 8.
The method for producing the phenolic resin according to any one of
claims 3 to 6, characterized in that the phenols 29 represented by the
above general formula (2), the biphenyl compound represented by the
above general formula (3) and the aromatic aldehyde represented by the
above general formula (4) are subjected to a reaction in the presence of

relVALES. provided, that X intheformula(3) isa.halogen. 9. A curing agent. ., 1

or an epoxy resin comprising the phenolic resin according to any one of
cotlaims @ tefr G oA epoy resia campesitioncoalainmgithescuritig agénthe
for an epoxg resin comprising the phenolic resin accordinr% to any one of

ATEHERS S fo 6 CAHE AT EROG TEShT A DIThE Bty TesHPEomposttich -2 4]

araceoming.to.plaim 10 futher ;containing - inargaricFHlers 12, TheeReXyad
resin composition according to claim 10 or 11, further containing a curing
thagcelefator: 113, Themapoxy résintcompositiogaceording to any one of

clgims 10to 12 wjgic is used for semiconductor sealing. 14 ﬁ\n epoxy . .

9. i; Crd agétn bt e G Bl rmaTthE ebal” fesin € L esgﬂ'xe olic

resin cured’substance obtaine y curing the epoxy resin ¢omposition

r e2GGOrdingtoamyone of slaimsd Obto 13.215.A semicenductor device
obtained by sealing a semiconductor element by using the epoxy resin

1 Ccomipoaitiohy agesfding tefift 1gn3pentaining the curing agent for

an epoxy resin comprising the phenolic resin according to any

one c¢f claims 3 to 6, and an epoxy resin.

11. The epoxy resin composition according te claim 10, furtherxr

containing an inorganic filler.

12. The epoxy resin compesition according te cizim 10 cor 11,

Further containing a curing accelerator.

13. The epoxy resin compogition according to any one of claims

10 to 12, which is used for semiconductor sealing.

14. An epoxy resin cured substance obtalined by curing the epoxy

resin composition according to any one of claims 10 to 13.

15. A semiconductor device obtalned by sealing a semiconductor

element by using the epoxy resin composition according to claim

13.
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