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EPCMY RESIN CQNPCSITICN AND RESIN—ENCAPSULATED

SEM CONDUCTOR DEVI CE - - BACKGROUND OF THE INVENTICN F|eId oﬂpphe

| nventi on ' The present invention relates to an epoxy resin and
“an epoxy resin conposition useful -for encapsulating electronic parts, and
to a resin-encapsul ated seni conductor =—dévircce with the epoxy resin -
conposi tion. Descri ption of t he Related Art _ Recent |y,

sem conductors such as LSIs, transistors and the |ike have been

advantageous. | BEORE R%ﬂﬂ%%?%ﬁ%iﬁ‘lﬁ@% PR T ecent 1)

SEMICONDUCTOR DEVICE

- BACKGROUND OE THE INVENTION
Field of the Invention
The present invention relates to an epoxy resin
and an epoxy resin composition useful for encapsulating
electronic parts, and to a resin-encapsulated semiconductor

device with the epoxy resin composition.

Description of the Related Art

Recently, semiconduefe:s such as LSIs, ICs,
transistors and the like have been encapsulated by transfer
molding with epoxy resins which are economically
advantageous.

Partlcularly, mounting of LSIs have been recently
conducted by a surface mounting technology, so that a
process of immersing them directly into a solder bath has
been increasingly employed. During the immersion, the
enca?sulating materials are exposed to high temperatures of
200 °C or more to cause expansion of the moisture which has
been hygroscopically sorbed in the encapsulatiﬁg materials,
and therefore, there have been problems of generation of
cracks and separation at the 1nterfac1al reglon between the

encapsulating materials and the dlepads



c¢onducted by a- surface nountlng technology, so that a process of

I mrer si ng then1d|rectly into a sol der bath has Ehis Sheen Hasdgeri Reglaged

enpl oyed. During thé i mersion, the encapsul ating I exposed
to high tenperatures of 200 [err]C or nore to cau t he

noi sture whi ch has been hygroscopi cal +y2serbed in e encapsul ating
materi al s, and therefore, there have been.probl ens of generation of
cracks and separ at i oFar thms|H&&Sdnuntﬁereqpansﬁkﬁb@@% rewin mntapsaﬂatlng
materials and the dlepads

For this rezsowedHgashdaphave iimpoasd resistance %?e"—'w@éﬂ&l-ﬁ@daflé have

| mproved resistance to cracking and adhesi vepess, | ess hygroscopicity
and h|gheradgﬂ%&M3ﬂ9§§msmuqau#ﬁﬁﬁlﬁyﬁqﬂﬁqﬁﬁﬁck) Lﬁ%§ ®Sul ating

materials arg thoFe u3|rg 1§§E%%'Q% kgtBﬁ{sgfpgb&{eéoéngggguegtgﬁgepoxy

resin and &
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Instantly rg"%f%i‘}é”@ﬁ&%&‘%é&in and a phenol novolak as curing agent.
' They are marketed practically in the wrapped from with
moisture-proof wraps because of the above problems and put
into use instantly removed from fhe wraps.
The encapsulating materials comprising mainly
glycidyl ethers of o-cresol novolak and phenol novolaks have
a sort of balance betwesen heat resistance and
hygroscopicity, but are not necessarily insufficient for use
in such applications as requiring a high level of non-
hygroscopicity as described above and also insufficient in
adhesiveness, causing problems of solder cracking. In view
of the aforementioned circumstances, the present inventors
have made an intensive research on an epoxy resin
composition having a good balance between the heat-
resistance and the curability, and as a result, found a
composition with a specific polyhydric phenol as epoxy
. curing agent which meets our objects. The present invention

was completed based on the finding.

SUMMARY OF THE INVENTION
The present invention provides an epoxy resin
composition and a resin-encapsulated semiconductor device

produced by encapsulating semiconductor devices with the

THIS SHEET HAS BEEN
REFLACED
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- The encapsulating materials conprising mainly ‘glycidyl ethers of o-cresol
novol ak and phenol novolaks have a sort of ‘bal anrce—between—-heat—+esi stance

and hygroscopicity, but are not sufficient for usg.. j.n :such a i cations as
t : ced .
and al so
H g. In view
‘made an

requiring a high level of non- hygroscopicity as:
i ntensive research on an epoxy resin conposition having a good bal ance

insufficient in adhesiveness, causing problenms of"

of the aforenentioned circunstances, the present i

bet ween the Bggh- op8RY StaRLe Ahd®iBH! ABhhLLYreRIELAS A fEAlIdy; f ound a
conposition wth a specific polyhydric phenol "as epoxy ~"curing agent which
meets our obpeeks. rIBin KECERIEL fikkeRbGP1NES CQNPAR! S5bBASALk AN HalS ng
findi ng. SUMVARY . OF THE | NVENTI ON he. present i1nvention

provi des an epokgaststwo ehHrgmsit igweupsdin aembdbeeubapsid afted ssem conduct or
device produced by encapsul ati ng sem conductor devices with the '
- 3- polvhydric phenol represented by the general formula:

wherein R; to R, independently represent hydrogen, an alkyl
group having 1 to 9 carbon atams, a cycloalkyl group having
4 to 9 carbon atoms, or halogen, and X represents hydtogen,
an alkyl group having 1 to 9 carbon atoms, or an aryl group
having 6 to 20 carbon atoms, and n represents an average

. number of repeating units of 0.1 to 10.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The substituents R, to R, contained in the
polyhydric phenol represented by the general formula (1) to
be used as the component (bs in the present invention
include hydrogen, methyl, ethyl, propyl, butvl, amyl, hexyl,
cyclohexyl, heptvl, octvl an@ nonyl groups, chlorine and
bromine atoms, including various isomers thereof.

The substituent X includes hydrogen, metﬁyl,
~ethyl, propyl, butyl, amyl, hexyl, cyclohexyl, heptyl,

THIS SHEET HAS BEEN
REPLACED




Same ‘epoxy resin conposition, characterized in that said epoxy resin. =
“conposition conprises (a) an . epoxy.resin having at |east two of epoxy: -
groups in a nolecule and (b) a pol yhydric phenol represented by the general
~formula: - [err] wherein Rlerr] to R err] independently '
represent hydrogen, an al kyl group having # to 9 carbon atons, a cycl oal kyl
group having 4 to 9 carbon atons, or hal ogen, and X represents hydrogen,

an al kyl gr egkyiaviranpyl t erenygk band aapistybygroupsy| 18f1HALRGy Va3FLows
having 6 to 20 carbon atons, and n represents an average nunber of

repeati ng udisomests G-hiegepf0.  DETAI LED DESCRPTI ON OF PREFERRED

EVMBODI MVENTS The substituents R err] toﬁgierr§¥cgntained i% tne
pol yhydric phenol reprE¥Irage (HaReh bl CeREARERT(BLES b8 udsdad the
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hexyl, cyclohexyl, heps¥]yhydric phenols to be used in the present

invention can be produced by condensation of a bisphenol

represented by the general formula (2):

(2)

wherein R, to R, are the same as those defined for the
general formula (1), and an aldehyde represented by the
general formula (3):

H—$=O (3)
X

wherein X is the same as that defined for the general
formula (1), in the presence of an acidic catalyst.

The polyhydric phenol to be used in the present
invention may be produced by one of known methods comprising

condensing an aldehyde as described above with a bisphenol



octyl, nonyl, phenyl and naphtyl groups,.inc{uding variousi'isohefs-

t-hereof . : Thé average nunber of repeating units, n, is 0.1 to 10, -

preferably 0.1 to 5. The n higher than 10 results undesirably in poor
wor kability due to too.high viscosity. Pol yhydri c phenols to be -
used in the present invention can be prodiuced by condensation of a
bi sphenol represented by the general formula (2): [err]
wher ei n R eak] desdRitved aove s dre mreddmse adffamesicidict bataygser al
formula (1), and an al dehyde represented by the general formula (3):
such as an inorganic acid such as hydrogen chloride and -
sulfuric acid, an orgahic acid such as acetic acid, p-
toluene sulfonic acid, thioglycollic acid, or a Lewis acid.
Bisphenols, the starting materials for polyhydric
phenols to be used in the present invention may be produced
by any one of known methods comprising condensing a
cyclohexancne as defined below with a phenol as defined
" below in an amount by mole at least two times the amount of
the cyclohexanone in the presence of an acidic catalyst such
as an inorganic acid such as hydrogen chloride and sulfuric
acid, an organic acid such as acetic acid, p-toluene
sulfonic acid, thioglycollic acid, or a Lewis acid, washing
with water, distilling out unreacted phenols, and if
necessary, conducting post-treatment such as
recrystallization from poor solvent. 1In the process,
phenols may be left in the bisphenols to such an extent as
not diminishing the éffects of thé present invention.
Exemplary phenols include phenol, cresol, ethyl
phenol, propyl phenol, butyl phenol, amyl phenol, héxyl
phenol, cyclohexyl phenol, octyl phenol, nonyl phenol,
xylenol, methylbutyl phenol, chlorophencl, bromophencl,
dichlorophenol, and diﬁromoﬁhenol, including variou; isomers
therecf. The phenols may be substituted with halogeﬁs such
as chlorine and bromine for the purpose of imparting flame
retarding property to the phenols. These phenols may be
used as alone as well as in a mixture of two or more

thereof.



[err] ~wherein X is the sane as that defined for the general fornula
(1), in the presence of an acidic catalyst. - The pol yhydric phenol
to be used in the present invention may be produced by one of known

met hods conprising condensing an al dehyde as descri bed above with a

bi sphenol as descri bed above im $he& presence of an acidic

catal yst such as an ingQrganjc acid such as hydrogen chloride.,and sulfuric -
acid, an organic acidqgﬁ%“?%%r%c%¥¢%°%%¥ﬂﬁcﬁes'%BF&Qﬁ@ &Y SERGRE -
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cycl onexanordad TR befBus FEFPaR LRERBE - as defi ned bl ow n an amount

by nole at |east two tﬁi@ﬁbi£fyaﬁfﬁgﬁyégs represented by the general
formula_(3) to be used in tﬁe present invention include
formaldehyde, acetaldehyde, butylaldehyde, benzaldehydé,
naphthaldehyde, and the like. |

The epoxy resin, the component (a) to be used in

the composition according to the present invention may be
any one of known epoxy resins. Exemplary epoXxy resins
include novolak epoxy resins such as the reaction products
of a phenol such as phenol, o-cresol or the like with a
formaldehyde; glycidyl ether compounds derived from tri- or
higher valent phenols such as phloroglucin, tris-(4-
hydroxyphenyl) -methane, 1,1,2,2-tetrakis (4- |
hydroxyphenyl) ethane and the like; glycidyl ether compounds
derived from divalent phenois such as bisphenol A, bisphenol
F, hydroquinone, resorcin and the like, or halogenated
bisphenols such as tetrabromobisphenol A, and the like;
glycidyl ether compounds of polyhydric phenols produced by
condensation of phénols with aromatic carbonyl compounds;
amine based epoxy resins derived from p-aminophenol, m-
aminophenol, 4-amino-m—cres$l, 6-amino-m-cresol, 4,4‘-
diaminodiphenyl methane, 3,3’-~diaminodiphenyl methane, 4,4° -
diaminodiphenyl ether, 3,4’ -diaminodiphenyl ether, 1,4-
bis (4-aminophenoxy)benzene, 1,4-bis(3-aminophenoxy)benzene,
1,3-bis(4-aminqphenoxy)benzene, 1,3-bis(3- |

aminophenoxy)benzene, 2,2-bis(4-aminophenoxyphenyl)propane,



the cycl ohexanone in the presence of an acidic catalyst such .—as an =
i norgani ¢ acid such as hydrogen chloride and sul furic - aci-d, an organic -
acid such as acetic acid, p-toluene sulfonic acid, thioglycollic acid, or
a Lewis acid, washing wth water, distilling out unreacted phenols, and if
necessary, conducting post-treatnment such mas- recrystallization from poor
solvent. In the process, phenols may be left in the bisphenols to such an
extent as pephengilenshidigmine  en~phiehivdferdd QlifpnmEsent 2,d+daliuane :
Exenpl ary phenol s include phenol, cresol, ethyl phenol, propyl phenol,

butyl phenofiamipe,pReheitoluenyl dipmémel, peyylotiend diamisie, oetxylypbemnel
nonyl phenol, = xyl enol, nethyl butyl phenol, chlorophenol, bronophenol,

di chl or opheddamiaed di ¥rcrsdiobexane-hilsdethylaning i dodmayckohexane- The
phenol s may be substituted wi th hal ogens such as chlorine and brom ne for
the pur posebds (meshviardne) ampd theaddkey SHaddn)t &5 %eTe SAMRVRAS These
Dot ™ aarived $rm Aromatls Srboxylit elds Wier'ad P okybensoic -
acid, m—oxybehzoic acid, terephthalic acid, isophthalic
acid; hydantoic epoxy compounds derived from 5,5-dimethyl
hydantoin, and the like; alicyclic epoxy resins of 2,2-
bis (3, 4-epoxycyclohexyl) propane, 2,2-bis[4-(2,3-
epoxypropyl) cyclohexyl] propane, vinylcyclohexene dioxide,
3, 4-epoxycyclohexylmethyl-3, 4-epoxycyclohexane ¢arboxylate,
and the like; N,N-diglycidyl-aniline. One or two or more of
these epoxy resins may be used. Among them, o-cresol
novolak epoxy resins and glycidyl ethers of polyhydric
phenols obtained by condensation reaction of phenolé with
. aromatic carbonyl compounds are preferred for application as
encapsulating materials in view of the curability and a
moisture resistance.

In the composition of the present invention,
ordinary curing agents for epoxy resins may be used in
combination with the component (b), polyhydric phenols.
Exemplary curing agents include polyphenol compounds such aé
phenol novolak resins whichtare the reaction products of
formaldehyde with‘phenols such as bisphencl 3,
tetrabromobisphenol A, bisphenol F, bisphenol S, bis(4-
hydroxyphenyl) cyclohexane, bis (4-hydroxyphenyl)ethane,
1,3,3—trimethyl-1-m—hydroxyphenylindane-s or 7-0l, 1,3,3-
trimethyl-1-p-hydroxyphenylindane-6-0l1, resor;in, |



Exenpl ary cycl ohexanones i ncl ude cycl.ohexanone,. nono-, ‘or di-alkyl .- o
~ cycl ohexanone. The al kyl ‘group includes " those having 1 to 9 carbon atons.
Exenpl ary al dehydes represented by the general fornula (3) to be used in
the present invention include fornal dehyde, acetal dehyde, butyl al dehyde,
benzal dehyde, napht hal dehyde, and the |iké&. - : - The epoxy resin,

t he -conmponent (a) to be used in the conposition according to the present

i nventi on miydroquircrse oitechob, epieyol esonsredrépphady theodyikegsi ns

i ncl ude novol ak epoxy resins such as the reaction products of a phenol
such as phe®ALlYGRIBBSHigrackds |and ankhvndeidesr khegenfdsuch psi maledicher
compounds derived fromiri- or_  higher valent phenols such as phl orogl ucin,
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diaminodiphenyl ether, phenvlene diamine,

diaminodicyclohexyl methane, xylylene diamine, toluene
diamine, diaminodicyclohexane, dichloro-diaminodiphenyl
methane, (including isomers thereof), ethylene diamine,
hexamethylene diamine, and the like; and compounds having
active hydrogen reactive with epoxy group such as
dicyandiamide, tetramethyl guanidine, and the like. Among
them, phenol novolak resins are preferred in view of -
curability.

With respect to the proportion of the polyhydric
phenols to the epoxy resins to be incorporated in the
composition of the present invention, the amount of fhe
polyhydric phenols to be used is 0.7 to 1.2 equivalents
based on the epoxy group. An amount of lower than 0.7
equivalent or over 1.2 equivalents based on the epoxy group
result in insufficient cure not achieving less
hygroscopicity.

In case the resin.composition of the present
invention is to be cured, known curing promoters may be
employed.. Especially, in the application as semiconductor
encapsulating materials, they should be employed for |
achieving a rapid cure. Exemplary curing promoters include

organic phosphine compounds such as triphenyl phosphine,



'dondénsation'of'phenols Wi th aromatic cabenyI conpounds;  -am ne based.
epoxy resins derived from p-am nophenol, m am nophenol, 4-am no-mcresol,

6-am no-mcresol, 4,4 - diam nodi phenyl methane, 3,3 -diam nodi phenyl
nmet hane, 4,4' - dlan1nod|phenyl et her, 3,4 -diam nodi phenyl ether, 1,4-
bi s(4- am nophenoxy) benzene, 4-bi s( 3- anrn@phenoxy)benzene

1, 3-bi s(4- an1nophenoxy)benzene 1, 3-bi s(3- anlnophenoxy%ben ene,

2, 2- bi s( 4- arimEopfTSHRERIBNY k)Rhgﬁnhlne, trl— methoxyphenyl phosphine,
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quaternary ammonium salts such as ammonium benzyl trlmeuhyl
chloride, ammonium benzyl trimethyl hydroxide,
triethylammonium tetraphenyl borate, and the like; and
imidazoles, without being limited thereto. Among them,
organic phosphine compounds, 1,8-diazabicyclo(5,4,0]undecen-
7, and triethylammonium tetraphenyl borate are preferred
from the standpoints of resistance to humidityland
curability, inter alia, triphenyl phosphine is most
preferred.

Furthermore,.to the composition. of the present
invention, there may be added inorganic fillers. The -
fillers include silica, alumina, titanium white, aluminum
hydroxide, talc, clay and glass fibers. Especially, silica
and alumina are preferred. These may be used in a mixture
of different shapes (sphere or crushed types) and different
sizes to increase the filler content. The proportion of the
inorganic fillers to be 1ncorporated for use in
encapsulating semlconductors ls in the range of 25 to 90 %
by weight, preferably 60 to 85 % by weight based on the
total of the resin composition. A proportion less than 25 %
by weight results in poor resistahce to humidity, while a
proportion higher than 90 % by weight results in problematic
pfocessability.



epokypropyl)cyclohexyl]propane, vi nyl'cycl ohexene di oxi de, L S

3, 4- epoxycycl ohexyl net' hyl - 3, 4- epoxycycl ohexane carboxyl ate,  and the |ike;
N, N-di gl ycidyl aniline. One or two or nore of these epoxy resins nay be
used. Anong them o-cresol. novol ak epoxy resins and glycidyl ethers of

pol yhydric phenol s obtai ned by condensatil®n —reaction of phenols wth
aromatic carbonyl conpounds are preferred for application as encapsulating
materials in view of The ther Somposytawt of rmlistprasendsiinention, there '
In the conpositjon qof the present invention, ordinary curing agents for
epoxy resi nBakahepaddeddmedd &edsrsingoRIANGS WCh GHIMIHCIL)Y pol yhydric
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coupling agents, and the like. In addition, flame
retardants such as antimony trioxide, phosphorus compounds,
brominated epoxy resins, and the like may be added. 1In
order to achieving the flame retarding effects, the use of
brominated epbxy resins is most preferred.
In order to reduce stresses imposed, various
elastomers may be added or pre—rgacted. Practically, one
may make mention of additive or reactive type elastomers
such as polybutadiene, butadiene-acrylonitrile copolymer,
silicone rubbers, silicone oils, and the like. -
With the resin composition of the present
invention, resin-encapsulated semiconductor devices can be
made by molding and curing in acéordance with any one of
known prior forming techniques such as transfer molding,
compression molding, injection molding and the like.
The epoxy resin composition of the present
invention as especially materials for enéapsﬁlating
electronic parts have a lowér hygroscopic property and a
balance between the thermal resistance, curability and
adhesiveness. The resin-encapsulated semiconductor devices
produced with this compésition are excellent in resistance
to solder-cracking.

Examples



hydr oqui none, catechol,. phenol, o-cresol, and the like; polycarboxylic
~acids and anhydrides thereof such as maleic -acid, phthalic acid, nadic
aci d, methyl-tetrahydrophthalic acid, nethylnadic acid, and the |ike;
pol yam ne conpounds such as dianinodipheqyl_nethane,-dianinodiphenyl
sul fon, di am nodi phenyl ether, phenylene &ianine; di am nodi cycl ohexyl

met hane, xylyl ene di agine. taoluene__diamn ne, dian i : _
di chl or o- di am nodi pheﬁé}le PRESR e?‘n(vieﬁ%:.‘l?(ﬂ i%%?@%%%‘g%f%&qg%%gl ene -
di am ne, hgx e Lamene; 496 @ #HHH%“HE%h i DO JCtive
hydr ogen regéﬁggéﬁ%%t%Seggggkggéﬁgag c#%éyﬂiﬁﬁﬁégilan1de, te ?%%@%EV?
guani di ne, | -ExéﬁB t Qﬁggl T st erred
in view of e@%F%E?I'i tgﬁ 1es, %%E tH re p_e‘f:éf[lcét&g& ml%?%% ﬂ%ﬁ%?atﬁé
pol yhydric sppenakalhe RS gBROXY H8SihdkP MSsilGUPUREEH drbdpe The
conposi tion of the present “i nvention, "the amount of the polyhydric phenols
to be used aeeeaget Auibére @ YRIpRRitS ndafEitk $ Wwd 3PP Re@ upi tAnGpaount
of | ower than O. equi val ent or over 1.2 equival ents based on the epoxy

group (TRIROTOR SR-II, available from NIPPON BUNKO KOGYO, Ltd).

Blends and cured shapes were evaluated as follows:

Gel time: 0.5 g of a blend obtained in Examples
and Comparative EXamples was placed on a recess of a hot
plate at 180 °C and measured for the time period until
gelled.

Glass transition temperature: Determination was
"effected using a thermomechanical analyzer (SHIMADZU DT-30).

Barcol hardness: Determination was made with a
hard tester model 935 under the conditions of 175 °C /2
minutes according to ASTM D-648.

Flegural strength, flexural modulus: Determination
was made with an Instron universal tester (SHIMADZU IS-10T)
according to JIS K-6911. .

Water absorbance: A variation in weight was
measured at a temperature of 85 °C and a relative humiditf
of 85 % using a thermostat (TABAI PR-2) under a constant
humidity. ' |

Spiral flow: Conducted at a temperature of 175 °C
and at 70 kg/cm? according to EMMI-1-66.

Adhesion strength: A shape is transfered oﬁto the
surface of an aluminum foil and evaluated for the force

required to peel off the shape.



result in |nsuff|C|ent cure not. achi evi ng | ess hyngg1 ICIt =
In case the resin conposition of the present |nvent| @mwuxéd .
known curing pronmoters may be . enpl oyed: EspeC|aIIy tion as
sem conductor encapsulating materials, they should

achieving a rapid cure. Exenplary curing pponot ers: |nclude organlc
phosphi ne conpounds such as triphenyl phosphine, -

tri-4-nmethyl phényl phgsphliere criabkis nyla phioaldated ICr (QpPy!
phosphi ne, trioctyl phosphine, tri-2-cyanoethyl phosphine, and the Iike;

tertiary anpagkRagechiah 52rplhuisyl anpaekage dfidkaes=,0fl,B-05 mm) was
di azabi cycl o[ 5,.4, 0] undecen-7, trianmylam ne, and the |like; quaternary

annnnlun1sahbssteubdamndsroMhennbnmmwldnsruﬁrautempﬁnatung @fm®bi Un andzy|

trimethyl hydroxide, triethylamoniumtetraphenyl borate, and the |iKke;

and i m dazal eslaiveobumidify oifni8Sed thear 6t howmmg arkrimmediately
thereafter immersed in a soldering bath at 240 °C for 30
seconds, followed by counting the number of ICs having

cracks generated. The number of tested ICs was ten.

Refarential Example 1

147.3 g of cyclohexanone were added to a reacto:
equipped with a thermometer, a stirrer, and a condenser,
dissolved into 648.6 g of o-cresol, added with 600 g of
concentrated hydrochloric acid, and stirred at 60 °C for 10
hours. =

After the reaction was completed, toluene was
~added to produce a precipitate containing a condensate of o-
cresol with cyclohexanone, and the precipitate was taken by
filtration. The obtained precipitate was washed with water
to remove hydrochloric acid, thereby giving bis-o-cresol
cyclohexane.

FD-MASS spectroscopy indicated that the product
had a molecular weight of 296 and a melting point of 190 to

195 C.

Referential Example 2
In to a reactor equipped with a thermometér, a
stirrer, and a condenser, 100 g of bis~-o-cresolcyclohexane

obtained in Referential Example 1, 1.92 g of p-toluene




or gani ¢ phosphi ne conpounds, 1 8- dlazablcyclo [5 4, 0] undecen- 7, and _
. .triethyl anmoni umtetraphenyl borate are preferredhmﬁhnﬂhshemsm&ndbOInts of -
resistance to humdity and curability, inter alia, sphlne S
nost preferred. Furthernore, .to the co he present
i nvention, there may be added inorganic-filBl ers. ers I'ncl ude
silica, alun1na titani um white, alum num hydrOX|de taLc -el ay_and gl ass

fibers. Espstilfonic sdiidc méfiiy drave randaré raefad athylHesebweylhetored in
a mxture of different shapes sphere or crushed ty peﬁg and di fferent

si zes to i nvesgscharged;,| aad vigdopdtliF & thed? |no§%€ﬁ¢l:’n
fillers to be incorpqrated for use in encapsylatin sen1condu%£o%$ ls in
t he range oWegs F@Q&Gnﬂpq§} QMQﬂwyﬁﬂﬂ%i & Based

vl ght resufPE 1R FogHTEse: %pﬁ%@e&%%mwﬁf °”Il<2e%£e%ofaﬂ$‘t”%ﬁ P gher
than 90 % b¥:emp %a ure fo 6' %oem%bla%n%tt' (x:.vasp ro?&ﬁzsﬁb' é&’é’rallzlng with
caustic soda, washing with water, and concentrating under
reduced pressure, bis-o-cresolcyclchexane novolak was
obtained (this is referred to as CCN hereunder).
By FD-MASS spectroscopy, fragments of 296, 604,
912, and 1220 were detected. The average number of
repeating units, n, determined by GPC was 0.68. .
This product had an OH equivalent of 150g/eq. and
a melting point of 1060 C.

Referential Example 3
In to a reactor equipped with a thermometer, a
stirrer, and a condenser, 100 g of bisphenolcyclohexane
(available from SUMITOMO Chemical Co., Ltd, under the trade
name of Antigen W), 1.92 g of p-toluene sulfonlc acid
monchydrate and 150 g of methylisobutylketone were added,
and after dissolved, 8.15 g of a 37 % formalin were
continuously added dropwise at a temperature of 80 °C for 10
minutes, and then the whole‘was kept at the same temperature
for 6 hours as it was. After neutralizing with caustic
soda, washing with water, and conceﬁtrating under reduced
_pressure, bisphenolcyclohexane novolak was obtained (this is
referred to as PCN hereunder) .

By FD-MASS spectroscopy, fragments of 268, 548,

THIS SHEET HAS BEEN
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<210 - To the conposition of the present invention, there my

be added nol d rel easi ng agents such as naturally ToccUrTiTg Waxes;
synthetic waxes, higher fatty acids and netal sal {fis§R&HEPEeen RL

1Raf affins;
col oring agents such as carbon bl ack; surface treat # as :
silane coupling agents, and the like. In addition, Hﬂﬂ"mmﬂmnts ‘such
as antinony trioxide, phosphorus conpoundsi4 bromn ns, and
the Iike may be added. In order to achieving the flame retarding effects, .
the use of ahdosRBawetecmatirotedi.nsThe awelrapeimmbet of repeatindgn order
to reduce stresses inposed, various elastonmers nmay be added or

pre-react edunPtac¢t ncaldetermimednby GBKewamsnili.&3 .of additive or reactive
type el astoners such as pol ybutadi ene, butadi ene-acrylonitrile copolyner,
silicone rubbers, sil Thdise priddsictahddt ha OHkegquivalent of Wibgfer. rasdn
conposition of the present invention, resin-encapsul ated sem conduct or
devi ces can@b@eliiagd PPN @fhd0ndecuring in accordance with any one of
known prior form ng techniques such as transfer nolding, conpression
nol di ng, injection nolding and the |ike.

Examples 1 to 4 _

. Using the polyhydric phenols obtéined in the
Comparative Examples as described above (CCN and PCN) as
curing agents, a glycidyl ether of o-cresol novolak
(available from SUMITOMO Chemical Industry Co., Ltd, under
the trade name of SUMI-EPOXY ESCN-195, an epoxy eguivalent
of 201g/eq., a content of hydrolyzable chlorine of 330 ppm)
and a glycidyl ether of polyphenols obtained by condensation
of phenols with hyﬁroxybenzaldehyde (available from SUMITOMO
Chemical Industry Co. Ltd. under the trade name of SUMI-
EPOXY ESX-221, an epoxy equivalent of 213g/eq., a content of
hydrolyzabie chlorine of 200 ppm) as epoxy resins, triphenyl
phosphine as curing accelerator, fused silica (available
from Electric Chemical Industry Co. Ltd. ﬁnder the trade
name of FS-891) as filler, carnauba wax as mold releasing
agent, and a coupling agent (available from TORAY DOW
CORNING SILICONE under the trade name of SH-6040) were
incorporated in amounts (g).as indicated in Table 1t heat-
kneaded with a roll, and transfer molded.

Moreover, the moldings were post-cured for 5 hours
in an oven at a temperature of 180 °C to produce cured

shapes.

THIS SHEET HAS BEEN
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The epoxy resin conposition of the present  invention: as especially
material s for. encapsulating electronic parts'have a- | ower -hygroscopic
property and a bal ance between the thernmal resistance, curability and
adhesi veness. The resin-encapsul at ed seni conductor devices produced with
this conposition are excell-ent in resistamoe -to sol der-cracking. Exanples
The present invention will be illustrated with reference to the follow ng
Exanpl es, wCohparalidiveg Bxaniéled 1t hey et o. I n Exanples, epoxy equival ent

wei ght is defined as a nol ecul ar weight of an epoxy resin per epoxy group.
The average nunber ofuredeshapesumiere wrodiriel rdawatrdirnd €3Ghé TRI ROTOR
SR-11, available from Nl PPON BUNKO KOGYO, Ltd). Bl ends and cured
shapes wer eideatiseddprocedurendo that in theGBxanpies 0.éxcept thatethe
obtained in Exa | es gﬁ ?gnparatlve Exanpl es mas(ylaced on a recess of a

hot _ phenol novo vailable from ARAKAWA Chemical Industry Co.
Ltd. under the trade name of TAMANOL 759, an OH equivalent_
of 110g/eq.) was used as curing agent, The formulations are
also recited in Table 1. | |
The cured shapes cbtained in Examples and
Comparative Examples were measured for glass transition

temperature, water absorbance, flexural strength, flexural

modulus. The results are set forth in Table 2.

Table 1

Comp. | Comp.
Ex. 1 |Ex. 2 |Ex. 3 |Ex. 4 |Ex. 1 |Ex. 2

ESCN-195XL. 100 | 100 | - - 100 | -
ESX-221 - - 100 | 100 | - 100
CCN 76.4 - 70.4 - - -
PCN - 69.2 - 63.8 - -
Phenol novolak | — [ -— - = | se.0| s1.6
Triphenyl

phosphine 1.5 « — - — -
Filler 411.6 394.8 | 397.6 | 382.2 | 364 _ 353.7

Mcld releasing

agent 1.5 <« - - — -

Coupling agent 2.0 — - - - .-*-.

Note 1: Mark “«" in the Table means the same content as

the adjacent left side column.



-

. plate at 180 [err]C and neasured for the tine perlod unt|I ~gel | ed.
.G ass transition tenperature: Deternination was effected using a '
.t her monechani cal anal yzer (SH MADZU DT- 30). ' . Bar col hardness:

Determinati on was made with a hard tester nodel 935 under the conditions
of 175 [err]C /2 mnutes according to ASTM D- 648. Fl exur al

strength, flexural nodul us: Deter.m'nation1 was nade with an Instron
uni versal tester (SH MADZU |S-10T) acco dlgg to JI'S K-6911. .
WAt er absorbance: A variation in melg neasured at a tenperature of

85 [err]C and a relative humidity df 85 %] using |a ther ?é T dAI - 2)
under a congtant humdity. Spirfal flow Condu g .
tenperaturejof 175 [err]C an t ./ [ chilery] acicgydi -6
Adhesi on stiength: A shape | réﬁgféég g{ fhg g%rfgc oF an g%ﬁm um
foil and evalgetredfe toecfyrcezgregquiggd jto pgel of fy1t hie shgpe 36
Spiral flow (in)| 58 60 62 63 44 49
Barcol hardness
(Barcol 935) 40 58 40 70 78 82

Glass transition

temp. ('C)| 140 | 150 | 168 | 185 | 155 | 185
Flexural | |
strength(kg/mm?)| 14 | 13 | 10 12 | 13 11
Flexural _
modulus (kg/mm?){ 1470 | 1310 | 1220 | 1130 | 1410 | 1160

Adhesive
strength (g/cm)| 400 | 460 | 690 | 400 | 300 | 200
% Water | |

absorbance
24 hrs. | 0.128 | 0.173 | 0.203 | 0.276 | 0.217 | 0.365
48 hrs. | 0.178 | 0.239 | 0.267 | 0.345 | 0.302 | 0.449
72 hrs. | 0.221 | 0.291 | 0.304 | 0.375 | 0.364 | 0.488

Solder cracking

property 1 2 0 1 10 S




. 15'-" ' |ng property A’sinul ated . IC (QFP package
with 52 pins, Iuﬁ. ﬂﬁ ess of 2.05 nm) mas____LsLened,undee~P e

conditions of & 85 [err]C and a rel ative hunrdrt %
for 72 hours, and |nned|ately t hereafter |nnersedmsﬁﬁa ath at
240 [err]C for 30 seconds, follomed'by‘cbﬁnfrng th havrng
cracks gener e@._éhﬁghl er..of tested I Cs was ten Exanple 1
147.3 g of c@%fbh% angEEReF8 added to a react or equrpped mnth a

t hernoneter, a stirrer, and a condenser, dissolved into 648.6 g of
o-cresol, added with 600 g of concentrated hydrochloric acid, and stirred
at 60 [err]Crtor 10 Iourgoxy rssin ccumétuenonheommnx3J1g1oaasanogpbgyed
tol uene was added to produce a precipitate containing a condensate of o-
cresol with cysinhxsmshat &ﬁés’tiheﬂtpr@ﬂ}% sa@@psva:sntaamlew-ef angdr 4b) on.
The obtained pregi |L§te was shed with mgter remyve h drochlorrc
acid, thereb$ BPH R POEERCF S BFTSERESGhaY alRe following SPBERASS |

spectroscopyfbpﬂufgt@q.that t he product

“—H — (1)

wherein R, to R, independently respresent hydrogen, an alkyi
having 1 to 9 carbon atoms, or a cycloalkyl group having 4
to 9 carbon atoms, or halogen, and X represents hydrogen, an
alkyl group having 1 to 9 carbon atoms, or an aryl group
having 6 to 20 carbon atoms, and n represents an average
number of repeating units of 0.1 to 10. '
2. " The epoxy resin composition according to Claim 1,
wherein said (a) component is an o-cresol novolak epoxy
esin or a glycidyl ether of polyhydric phenols obt alned by
condensation of phenols with a.omatlc carbonyl compounds.
3. The epoxy resin composition according to Claim 1,
whersin said (b) component is a bis-o-cresol cyclohexane or
bisphenol cyvclohexane novolak, and the average number of

repeating units, n, is in the rangs of 0.1 to 5.
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) -had a nol ecul ar wei ght of 296 and a_nmelting point of 190 to 195 [err]C

Referential Exa In to a reactor. equi pped wi-th a

t her nometer, a ‘“mn‘uﬂlm:ﬂm ‘“Enser 100 g of "bis(o-cresol)cycl ohexane
obt ai ned i n Ref ere 92 g of p-toluene

- 13 - sulfonic acid rmhohydrate and 150 g of methylisobutylketone - were
charged, and after dissolved, 8.15 g of _as37/ Y formalin wer e

conti nuously added dr opw se at a tenperature of 80 [err]C for 10

ni nut es, then the Avhalds it defiilu e 4 s & Bondutemp oaabte bRloghdar S
as it was fter neutrallzmgwl causti c soda, washing with water, and

concentratipg g E:sulaftﬁ.(ﬂqi@ SUEIHAUCEDS (Qeeies o&d@uctnbeépa&yn@é@mk
was obtained (this is referred to as CCN hereunder).

FD- MASS speebmpaediion rofg@idim af. 296, 604, 912, and 1220 were det ect_ed
The average nunber of repeating units, n, det erm' ned by GPC was 0. 68.
Thi s product had an OH equi val ent of 150g/eq. and . a nelting point of 100
[err]C .



Referential Exanple 3 : In to a reactor. equipped with a
thernoneter, a stirrer, and a condenser, 100 g of bi sphenol cycl ohexane
(availabl e from SUM TOMO Chemical Co., Ltd, under the trade nane of
Antigen W, 1.92 g of p-toluene sulfonic acid nonohydrate and 150 g of

met hyl i sobut ABEERACE W& §HRIDISCLOSUREAf t er di ssolved, 8.15 g of a 37 %
formalin were continuously added dropwi se at a tenperature of 80 [err]C
for 10 m nutes, and then the whole was kept at thesane tenperature for 6
hours as it was. Af E@OXYeRESIN TONPOSITIONAND RESIMHENCAPSULATES th wat er,
and concentrating under reduced %ressure bi.sphenal cycl ohexane novol ak was

obtained (this is referred to as Eéﬁoﬁgpggﬁ PF ICE By FD- MASS
spectroscopy, fragnents of 268, 548,

- 14 - and 828 were detected. The average nunber of repeating wunits, n,
determ ned by GPC was 0. 53. i Thi s product had an OH equi val ent of
1369/ eq. and An epoxy resin composition having a lower

hygroscopicity and a good balance between the heat-
resistance, curability and adhesiveness and a resin-
encapsulated semiconductor device produced by using the same
composition, which epoxy resin composition comprises an
epoxy resin having at least two epoxy groups in a moleculé

and a polyhydric phenol represented by the following general
formula:

Ri R4



| | bo((@5
a nelting point-of 101 [err]C. Exanples 1. to 4 Using thelE:)oI yhydri c
phenol s obtained in the Referential Exanples as described aboug/«/gGN and
PCN) as curing agents, a glycidyl ether of o-cresol novolak (available
from SUM TOMO Chemi cal Industry Co., Ltd, undeSubstitate shelat n28dMayy 1997
SUM - EPOXY ESCN-1 95, an epoxy equi val_(_ana of 201g/eq., a content of
hydrol yzabl e chl orine of 330 ppm) and a“glycidyl ether of polyphenols

obt ai ned by condensat | . S | ledydlembedpi hobl e
from SUM TOMO - Chem%i&é?%h&%g%%?&% %%@%%%%f%’ e trade nane of SUM -

EPCKY Esxar%%% ggﬁfﬂxiwkoewwliwm%a? K Pékande Cgit@ricking hanidol yzabl e

chlorine o ppm as epoxy resins, triphenyl phosphine as curing

accel er at g@helsisethesd, arudtaaidsalyerdscop Ftiry rand Guisgheml | ndustry Co.
Ltd. under the trade nane of FS-891) as filler, carnauba wax as nold

rel easi ngadngamivermss.a COAASN G MJHR NQS&i PRPR LT rRFARFAR BT CORNI NG

SILI CONE under the trade name of SH-6040) were incorporated in_ anmounts (g)

as i ndi camedenial®lare these usineaglyFidyh eEPT AUnPTFERSPRr 1ol ded.

Mor eover, the r;?gdi ngs vvereéoqst-CLHed f.or Slhour
sin and a no

novolak as epoxy r phe novgiag asf;%fing agent.
They are marketed practically in the wrapped £rem with

 moisture-proof wraps because of the above problems and put
into use instantly removed from the wraps.

The encapsulating materials comprising mainly
glycidyl ethers of o-cresol novolak and phenol novolaks have
a sort of balance between heat :esistance and
hygroscopicity, but are not-aaeessa;il¥ iasufficient for use
in such applications as requiring a high level of non-
hygroscopicity as described above andhalso insufficient in
adhesiveness, causing problems of solder cracking. In view
of.the aforementioned circumstances, the présent inventors
have made an intensive research on an epoxy resin
composition having a good balance between the heat-
resistance and the curability, and as a result, found a
composition with a specific polyhydric phenol as epoxy
curing agent which meets ocur objects. The present invention

was completed based on the f£inding.

SUMMARY OF TH= INVENTION
The present invention provides an epoxy resin
composition and a resin-encapsulated semiconductor device

produced by encapsulating semiconductor devices with the
EPLACEMENT SHEET
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in an oven at a tenperature of 180 [err]C to produce cured shapes.

- 15 - Conparative Exanples 1 to 2 Cured shapes were produced
-according to the identical procedure to that in the Exanples, except that.
the phenol novol ak (avail abl e from ARAKAWA Clsmgsﬁmtel gﬁhat-rgs(May 1997
under the trade name of TAMANOL 759, an OH equivalent of 110g/eq.) was
used.as.curing agent, The fornulations are also recited in Table 1.

- The cured shapes obtained i n Exanpl es ang -Conparative Exanples were
nmeasured for glass transition tenperature, water absorbance, flexural
strengt h, flsamarapoxyrmhsm cofipasieioh} scharactarifaad o khasbisaid.

Table 1 n’g lgonz)
Ex. 1 FEx. 206Xy pesin composifiop,capprises (a) an epoxy Eesin Having
j at least two of epoxy groups in a molecule and (b) a

polvhydric phencl represented by the general formula:

OH

wherein R, to R, independently represent hydrogen, an alkyl
gToup h.aving 1 to 9 carben a.toms, a cvcloalkyl group having
4 to 9 carben atoms, or halogen, and X represents hydrog'en,
cyclohexyl

an alkyl group having 1 to ¢ carbon atoms, /s for an aryl groun
having 6 to 20 carbon atoms, and n renresents an average
number of repeating units of 0.1 to 10.
DETAILED DESCRIZPTION OF PREFZRRED EMBODIMENTS

The substituents R, to R, contained in tﬂe
pelyhydric phenol reprssented by the general formula (1) to
be used as the component (b) in the prasent invention
include hydrogen, methyl, ethyl, pzopvl, butvl, amyl, hexyl,
cyclohexyl, heptvl, octvl and ncnyl groups, chlorine and
bromine atoms, including various isomers thereof.

The substituent X includes hydrogen, methvl,
ethyl, propyl, butyl, amyl, hexrl, cyclohexyl, heptyl,

REPLACEMENT SHEET
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ESCN- 195XL 100 100 100 ESX- 221

- 100 100 100 CCN 76.4 -

70.4 > - : - PCN - 69. 2 - 63.8 -

- Phenol novol ak - - Subbfitute shekt6 23 Maph®@97 '
phosphi ne 1.5 [err] [err] Filler 411. 6 394. 8
397.6 382.2 364 353.7 Mol d rel eastdg™ agent

Coup g et 2okt g KEubhety (¥ Mgt e o)

col um.
Tabl e 2 package with 52 pins, a package thlcﬁﬁess of 86%3 q&%ﬁras

Ex. 1 EX ﬁo§§teﬁegxunéagxthé E&nd t18ﬁ§' Eiﬁﬁt@ﬁﬁérhtur%pof 85:ﬂ§ aaF36
41- Spiral flow (
49 a rnlatlve humidity of 85 % for 72 hours, and lmmﬂdlataly
ﬁ thereafter immersed in a soldering bath at 240 °C for 30
seconds;.followed by counting the number of ICs having

"cracks generated. The number of tested ICs was ten.

Referential Example 1
147.3 g of cyclochexanone were added to a reactor

equipped with é thermometer, a stirrer, and a condenser,
dissolved into 648.6 g of o-cresol, added with 600 g of
concentrated hydrochioric acid, and stirred at 60 °C for 10
hours. B

| After the reaction was completed, toluene was
added to produce a precipitate containing a condensate of o-
cresol with cyclohexanone, and the precipitéte was'taken-by
filtration. The obtained precipitate was washed with water

to remove hydrochloric acid, thereby giving bis (o-crescl)

cyclohexane.

FD-MASS spectroscopy.indicated that the product
had a molecular weight of 296 and a melting point of 190 to
195 C . '

Referential Exémple 2
In to a reactor equipped with a tharmometer, a
stirrer, and a condenser, 100 g of bis(o-creschyclohexane

obtained in Referential Example 1, 1.92 g p-toluene
REPLACC”CWT SHEET
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82

78

Bar col hardness (Barcol 935) 40 58 40 70 _

@ ass transition (ktfgﬁi([e{;]cal4l4o igo 1?8 1?2 15?3
185 Flexural strength(kg/ nmierr . _

11 Flexural nodulus (kg/merr]) 1470 1310 Slﬁ%%&gte §é%§p_ zfég'jagoo%é 2?
Adhesive strength (g/cm 400 460 Q?O 1700 s
absor bance 24 hrs. 0.128 ObI'ig1 05222 0. 276 0.%2 hrs' > o1
48 hrs. O. :239..:Q. 267 . 0,345 . . 0. o \ : :

0. 291 0.30%Jf59€5§ gﬁ?@GignﬂPZ%%at%mﬁeir?59aSk?EgFethYllS°BPB$ékF§°ne 1
2 0 werelchargdd, and after dissolved, 8.15 g of a 37 % farmalin

were continuously added dropwise at a temperature of 80 C
for 10 minutes, and then the whole was kept at the same
temperature for 6 hours as it was. After neutralizing with

caustic'éoda,'washing with water, and concentrating under

" reduced pressure, bis(o-cresolkyclohexane novolak was

obtained (this is referred to as CCN hereunder).

By FD-MASS spectroscopy, fragments qf 296, 604,
912, and 1220 were detected. The average number of
repeating units, n, determined by GPC was 0.68. |

This product had an OH equivalent of 150g/eq. and
a melting point of 100 C. |

Referential Example 3

In to a reactor equipped with a th?rmometer, a
stirrer, and a condenser, 100 g of bisphenoléyclohexane
(available from SUMITOMO Chemical Co., Ltd, under the trade
name of Antigen W), 1.§2 g of p-toluene sulfonic acid
monchydrate and 150 g of methylisobutylketone were addeq,
and after dissolved, 8.15 g of a 37 % formalin were |
¢ontinucusly added dropwise at a temperaturs of 80 C for 10
minutes, and then the whble.was kept at the same temperature
for 6 hours as it was. After neutralizing with caustic
soda,'washing with water, and concentrating under reduced
pressure, bisphenolcyclohexane novolak was obtained (this is
referred to as PCN hereunder) .

By FD-MASS spectroscopy; fragments of 268, 548,
REPLACEMENT SHEET
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- 17 - WHAT IS CLAIMED I S An epoxy resin conposition conprising
(a) an epoxy resin having at | east two epoxy groups in a nolecule and (b)
a polyhyldric phenol represented by the follow ng general formula (1):

[ err] wherein Rlerr] to R err] inSepstitidatdheete@3dbay 1997
hydrogen, an alkyl having 1 to 9 carbon atons, or a cycloal kyl group
having 4 to 9 carbon atons, or hal ogen, ;gnd X represents hydrogen, an

al kyl group having 1 to 9 carbon atons, cycl oxhexyl or an aryl group

having 6 tg@E2RIkere a&é‘E@até’d‘d nrﬁeem&s@é&é AIMBYL’ 8ferepgBengOf
repeating units of 0.31 to : The epoxy resin conp05|t|on

accor di ng urd 3 ,aimp ldetztmm&d&sydsﬂa)was)rmmnt is an o-cresol novol ak
epoxy resin or a glycidyl ether of polyhydric phenols obtained by
condensati on of pherBibsvipreduarhad arc OHoeguivakentindé. 136g/eq. and

a melting point of 101 C.

_.Examples 1 to 4 '

Referential Using the polyhydric phenols obtained in the
cemparative Examples as described above (CCN and PCN) as
curing agents, a glycidyl ether of o-cresol novolak
(available from SUMITOMO Chemical Industry Co., Ltd, under
the trade name of SUMI-EPOXY ESCN-195, an epoxy eqqivalent
of 201g/eq., a content of hydrolyzable chlorine of 330 ppm)
and a glycidyl ether of polyphenols obtained by condensation
of phenols with hy&roxybenialdehyde (available from SUMITOMO
Chemical Industry Co. Ltd. under the trade name of SUMI-
EPOXY ESX-221, an epoxy equivalent of 213g/eg., a content of
hydrolyzable chlorine of 200 ppm) as époxy resins, tripheﬁyl
phosphine as curing acceleratof, fused silica (available
from Electric Chemical Industry Co. Ltd. under the trade
name of FS-891) as filler, carnauba wax as mold reieasing
agent, and a coupling agent (available from TORAY DOW
CORNING SILICONE under the trade name of SH-6040) were
incorporated in amounts (g).as indicatgd in Table 1, heat-
kneaded with a roll, and transfer molded.

Moreover, the moldings were post-cured for 5 hours
in an'oven at a temperature of 180 °C to prodﬁce cured

shapes.
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3. The e Lon according to Cla|n11 .wWherein said
(b) conponent is ycl ohexane or bi sphenol cycl ohexane
novol.ak and the”wmmuﬁnﬂjﬁﬂﬁ“m repeatl ng units, n, is in IVPe rggge of
0.1to 5. Substiiite shget - 23 May,1
reéin-encapsulated sen1conductor dEVLC§7pLOdUCEd by encapsul ating a

sem conduct or device with the epoxy resin conposition of C aiml.
WHAT IS CLAIMED IS5 :

1. aAn epoxy resin compesition comprising (a) an epoxy
rasin having at least two epoxy grcups in a molecule and (b)

a polvhvdéric phenol reprasentad by the following general

HO R. R,

A /

wherein R, to R* independently represent hydrogen, an alkyi

having 1 to 9 carbon atoms, or a cycloalkyl group haviné 4
to § carbon atoms, or halogen, and X ﬁf%fa§§?%S'hydroqen, an
alkyl group having 1 to 9 carbon atoms,/or an aryl group
having 6 to 20 carbon atoms, and n represents an average
number of repeating units of 0.1 o 10. '

2. K The epoxy resin compesition according to Claim 1,
wharein said (a) ccmpcnent is an o-cresol novolak epoxy
rasin or a glycidyl ether 6 polyhydric phenols obtained by
ccndenéaticn cf phenols with arcmatic carbonyl compounds.

3. The epoxy r=szn composition according to Claim 1,
wherein said (b) component is a bis-o-crzsol cyclohexane or
bisphenol cyclohexéne_novolak, and the avarage number of

rapeating units, n, is in the rangs of 0.1 to §S.
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