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;e3eezZZ[ ,"j"je66eTeF 1 July 2002 EPOXY RESIN COMPOSI TI ON AND

RESI N- ENCAPSULATED SEM CONDUCTOR DEVICE Field of the Invention The present
- dnvention relates to an epoxy resin conposition which is useful for
encapsul ating electric and electronic materials, particul ar yJelyez002'c
sparts such as an adhesive, paint, insuldtion material and |am nate.
YDescription of the Related Art Recently, for-encapsul ating sem conductors
such as LSI, IC, transistor and the like, transfer nold of an econonically
useful epoxy resin conposition is conducted. Particularly, surface

amounti ng ofgdgaty M%?ﬁ”ébﬁpé@ﬁ%@ke P RE SN S CAPSBEATED | Nto a sol der

bath is increasing. nce an encapsulating material 1s exposed to high

tenperatureéﬂ&?é@ﬁb@éfaﬁng?gxcﬂnisture absorbed in the encapsul ating
s, crack Is

mat eri al expan ormed in the material, and peeling occurs at

interface with a die pat . Therefore, the epoxy resi ﬁmm IS

required to have | ow noi sture absorption, high crack m& nd

i mproved ad@%ﬂﬁ&hoﬁﬂﬁt&ﬁrgﬁﬁoﬁn9§§§FPk“9 | ow noi st ure abggffti on, an epoxy
rch atille

resin of low viscosity In r can be filled inéhigh

concentrati j [ : y condition, an encapsulating material in
whi ch . %E{éfqﬁfﬁ %%21%%?29* ether of o-cresol novolak is used as a
pol yfuncti onal eRgie/ gl dh @Nth pLERPLN NPUTLRES! oA eifoaly GHEALW agent i s

mai nl y used, however, he encapsul ating materi bs noisture in

t , th - j f2Q13 8, [l th
storage %o@@%ﬂ%&% P%g%égfﬁll %‘i:uénch%Pgra‘%Bﬁg\/é?écEY-% ang these

probl ens, the ting na S Wrappe enting nolsture

absorpti on i) AR @ nakee1 4% | P‘ér@:‘. rlafﬁ’}ﬂel%d@r&@%&#@?&cﬁ%y resin

in current use has a |lower viscosfty and can contain a er 1 n higher

concentrati g tafa%sqv;ﬁ),' éﬁé‘ﬂ?ﬁj %uf&’@i%nrﬁﬁitlgri%il”;&%é P%er@\?ﬂ.t\" epoxy

resin is a bifunction poxy resin and has a | ow nol ecul ar wel g

Therefore, mRisTALR RASYNILKE KlePenea ng-en the biphenyl type epoxy resin
can be reduced as whol e package and strength thereof can be increased,

consequent |y, exgRldedill k'’ ade ldidSyANCEL LR BemPBbARREo2S GUHEIARR] Wi th
an epoxy resin in the formof a glycidyl ether of o-cresol novolak.

However, theghi, pheny b daHia X Yari€ st e NBsk e ObkarktBat menlddiory a4 operty of
a cured article thereof is |ow as conpared wth the pol yfunctional epoxy

resin. Ther ecofhorlit@ld yrakBEd 1l 8pshiy e $Dh dHdipds DPESH id SondRic®er] by
conbi ning the current bi phenyl type epoxy resin with the cresol novol ak

type epoxy resinpeairih ctiiaiilai nisir fdtfe ratounvingostt usat isureabhelyevel ,
however, the m xture of the biphenyl type epoxy resin and the cresol
novol ak typeonduktell,)dnsd HiFact impeysi®si hinbecanesldesi bakhdist at e
(honey-like state) and has no definite shape after nelt m xing, therefore,
handl i ng pr daperegpsdhngt.neSiersemnan encapshfliat iorg makertiladr i s tdwpaseddor esi n
tends to adhere each other, therefore, there is a problemin handling a
| arge anounhigh tempesatore in this treatment, moisture absorbed in
the encapsulating material expands, crack is formed in the
material, and peeling occurs at interface with a die pat.
Therefore, the epoxy resin encapsulant is required to .
have low moisture absorption, high crack resistance and
improved adhesion. Further, for obtaining low moisture
absorption, an epoxy resin of low viscosity in which a
filler can be filled in high concentration is desired.

Currently condition, an encapsulating material in which
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On the other hand, a dicycl opentadi ene type epoxy resin which has curing
ability between that of the biphenyl type epoxy resin and that of the
_cr%sol novol ak type epoxy resin is commercially available. There is a

probl emthat the dicycl opentadi ene type epoxy resin has a | owutgl200@) poi nt
and tends to adhere each other, therefoRe, the resin should be cool ed and
Jreserved, consequently, there is also a problemin handling a | arge anount
of the resin as above. In addition, the dicycl opentadi ene type epoxy resin
contains a small nunber of epoxy groups per unit weight of resin, therefore

curing and gl DAL Yof NS1EPLs 81 Cn8RBELKTES Lt [yigent . and

further, he ance of the cured an article are al so soneti mes

e e bog VAR A Mol S i At LB U sy e
has a problgn&h?ié C%@é%LEHEj i&&ygugégpeBB% bﬁr?oﬁk il@%% t he number of
ona %6 uFe, RE ¢

epoxy funct . I's™ stal T per one.nblec dn € cresol novol ak
Ybe pol 1 URELLANG SARY fSSHLa SHSELLLER b oBRERCLR BRENGRS Shdfe
o R BESA e e UL
excel | ont nihaEarraELaRe . ot WSEREnIER B HAREELS] Ok MRS 2
obtained by,yglng,30CRRIEES MG Ge exosLLERLCLP! ding property and

excel | ent HBRAI TG property eve enperafure, and a resin

encapsul at ed senbﬁpgggcggﬁleq.e\ﬁia%%’usg %@f%ﬁ*&%ﬁﬁ@?%*ggﬁﬁw is, the

present inventioh iS an €poxy resi’n co an epoxy

PP LRLEREHE ST DAS B SRR LORRULY pk el soffhh 3 PuaerCCE | O
a hydrogen gxg ?'{?ﬁ%@%@é&ﬂtﬁ%Eggng%%%ﬂﬁ&m&fgﬁ%r@sﬁﬁr bon

atons, a su or unsubstitut group or a hal dgen atdbm (B) a

pol yfuncti Oé‘gﬁ?éil‘?f@bﬁ Hgﬂg@de ; BRsdnl LOG B PAGhCOLONRL r&kihvo or
te yl ‘et

nore sel ec roma grycr er conpound of phenol novol aks or a

glycidyl etfgs £28PaUldwOhcilctAReneldiRifianc Mevelrdle, disture 1 July 2002
(C an epoxy curing agent containing a phenolic hydroxyl group, wherein the

propor tion Hhsbhst LEA IeSEARPHG A Ahd ao'f;s}fén tiyped8 pesght chgsed on
the total mei%h?ﬁof theegpoxy gonpoundsJ'A) gﬁg ) . EE??ﬁer, th% pr esent

i nvention red af68uéedaabewhblenpariigy ethd & e Xy Ceapbbi ned by

encapsul ating aserni conductor elenment using the above epoxy resin

conmposi t1 ONfincreased, consequently, excellent crack resistance can be
obtained as compared with an epoxy resin in the form of a
glycidyl ether of o-cresol novolak. However, the biphenyl
type epoxy resin has problem that molding property of a
cured article thereof is low as compared with the
polyfunctional epoxy resin.

There is also a method in which molding property is

improved by combining the current biphenyl type epoxy resin
with the cresol novolak type epoxy resin with maintaining

the resin viscosity at suitable level, however, the mixture

of the biphenyl type epoxy resin and the cresol novolak type
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BRI EF DESCRI PTI ON OF THE DRAWNG Figure 1 is a graph showi ng the relation
between the softening point and the mxing ratio of the epoxy resins.
Figure 2 is a graph showing storage stability of the resin conposition of
Exanpl e 9 and Conparative Exanple 7. DETAI LED DESCRI PTI ON OR Jully 200ENTI ON
Speci fic exanples of the respective sub8tituents RL to R of the epoxy
Jesin represented by the general fornmula (1) used in the present invention
i ncl ude nethyl group, ethyl group, propyl group, butyl group, anyl group,
hexyl group, cyclohexyl group, phenyl group, tolyl group, xylyl group

(i ncl udi ng re"p%%ﬁf?kb‘éﬁn' BESBRES s $61 08 S A . (HYIY 161 10d @B hhg | 1 ke.
The epoxy resin’represented by the general fornula | ) can be ‘obtained by

gl ycidyl - et hiyd fnd ik Sinl Henem sRsaoafteecMw%ﬂ:&rﬁgcw&fEf@fél met hod.
1 July 2002 Aliterature (von | f H Sieber Lleblgs Ann. Chem 730, 31 to

46 (1969)) ¢iaHd105Rp p%dﬁé}q}fb'foﬁhéﬁfégﬁnoisalﬁé\hff’f@feﬁésedf‘@fﬁ{?é‘:?”o'

conpound which 1s & raw nmat éri al he epoxy resin physi ca

roperties Q@f i e
IZ 4IO di hydr ;%)?eﬁgﬂ?@al mt:ﬁ#fig?laﬁlﬁon gdhéﬂ@’é’éeﬁbséﬂéﬁ) BRerefore, there

I4i ?er g![ B?/gr ?'I\/E'F?)Ha%é?brz"el?n t’m%‘l‘ &Eﬁﬂ?é&%&%& {?\JEé\(/q:)héA}%D% | C Phenol
Teil 2 P1034) deggy ihes ftHULOHA O r@iﬁgélegeﬁtéaﬂwcu “egbx

-net hyl stil bene, etc. using phenol” and chforoacetone as a“startin

material. Speglif GheRAMASLEuRing 8l ithoberPasRd RIERS Ene l?érj raw

mat eri al of the epoxy resin represented by the general formula I ncl ude

4, 4' - di hydr Q&;‘:@EBBQ}" §ééi9%ﬁi that o# Byer Qﬁséleﬁ&w&ﬁk'@ﬁﬂ@’epoxy
di hydr oxy-3- propyl stil bene, 4,4'-di hydroxy-3anyl stil bene,

-di hydr g¥g33 'ﬂQXé’bzﬁihéfEEQ§1y4a\4a.@!1.3}59|.60><Y'I'Be,%edigﬁé ‘Brcslem Yt
- di hydroxy- 2, 6di net hyl sti |l bene, 4, 4'-di hydroxy-2, 3" -di net hyl stil bene,

‘d'hydr@h&‘améycibb@h@@HTHﬁE't %poxy resin has a low melting
di hydroxy-3, 3" ;5-trimethylstil

- di hydr 96iﬁt3an§ t%nd@ttroaﬁﬁhéﬂesébbﬁe@@her, therefore, the resin
-di hydroxy2',3,5,6"'-tetranet hyl stil bene,

4
4
4
4
4
4'
4
-t-butyl - 4sﬂodﬂ.Hy1:6& @¥Y1ed and hedd el e consequently, there is also
-t-butyl -4, 4" -di hydroxy5b, 3' -di net hyl sti | bene,

-t-butyl - 4ad>rcbemriox iaddlGng a Taitge Zosamh oft biestes e above.
-t-butyl -4, 4" -di hydroxy-3'-net hyl - 5propyl stil bene,

-t-butyl -4, 4" -drhyadddiyidnbutheé-diopthybenitkhddene type epoxy resin
-t-butyl -4, 4" -di hydroxy-5-anyl - 3" met hyl stil bene,

-t - butyl - 4cdhtdihgda sma bl nember3ofeehpkyt grbeps, per unit weight of
-t-butyl -4, 4" -di hydr oxy-5-cycl ohexyl 3' - net hyl sti | bene,

-t - but yl - 4rdésidi hybevefoBesc8ringnantdyheldibgnproperty thereof are
-t-butyl-2,4"-di hydroxy-3',5",6trinethyl stil bene,

-t - but yl - 4sametiinedrinenfXicierst  amdt iyt therbdest resistance of the
-t-butyl-4,4"-di hydroxy-3', 5di net hyl -5' - propyl stil bene,

-t - but yl - 4cured;andmodded @rmm?resalgpoaymstimeen:ensuffluent.
4'

4'

, 3

3

2'

4'
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4 -

4'

2'

4 -

4" -
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- di hydroxy-3, 3' di net hyl stil bene, 3,3'-diethyl-4,4"-dihydroxystilbene,
- di hydreipcs, BhedrﬁﬁépyhéﬁlBbeﬁélQ?QilQMSQHHCﬁunﬂcﬁ¢W%N%dy§I¢mbene
-di hexyl -4, 4" - di hydroxysti | bene,
- di cycl mpRxyeagtivedihgredepentrddsae -
di hydroxy-3,3',5,5" -tetranet hyl stil bene,
di hydr oxy- 3, Bhe sbEpheny} at¥paybi £Hnesienald, gpoxy resin has a
ydroxy-3, 3' -di -t-butyl stil bene,
di hydrmbhelB that owripg and mel dERE\REIPEBEYIS Poor since the
- di hydroxy-3, 3" di -t-butyl -6, 6' -di net hyl stil bene,
- di hydrwgkb%r @fd?PPXHLﬁ'-}IICtBI-@aH|9r¥t§’tqﬂlﬂ-§t$m®bh@er one molecule,
-di hydroxy-3, 3" di -t-butyl -6, 6' -di met hyl stil bene,
di hydrendBkethe sreselimovokak ivpe PRéHEUAcE iOREY eREXYINRS i ng
mers having different substitution position). Epoxy conpounds of
Cr - met hyl stSperehiiont by ndiraso e haridnas sng fathegbipbenylooype @i ~. at om
o;r a carbon-carbon doubl e bond of these st~|l bene conpounds with a nethyl
group are also exenplified. Among these compounds,
2,2' -di hydroxy-3,3",5,5" tetranet hyl stil bene,
4,4'-dihydroxy-3,3',5,5'tetranethy|stiIbene, 4,4' -di hydroxy-3,3,5,5
tetranet hyl - a-nethyl stil bene,
4, 4" -di hydroxy-3, 3" -dit-butyl-5,5"-di net hyl stil bene,
4, 4" -di hydroxy-3, 3 -dit-butyl -6, 6" -di net hyl stil bene,
2,2' -di hydroxy-3, 3'-di t-butyl -6, 6'-di met hyl stil bene,

_-bl\)l\)-h-b!l-hI\wa-hhwwwwwwwwwwwwwbhhbbhh
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~0 1 Jufy 2002 glycidyl ether conpounds of pol yhydric phenols containing a
tri smet hane group obtai ned by condensation reaction of phenols with
aromatic carbonyl conpounds. These resins are particularly preferably in

vi ew of heat resistance, easy availabilgty and cost. The resi Julgod@02iti on
of the present invention may contain glycidyl ester-based conpounds derived
Jromaromatic carboxylic acids such as p-oxybenzoic acid, noxybenzoic acid,
terephthalic acid, isophthalic acid and the |ike, such as bi sphenol A,

bi sphenol F, tetr'anethyl bi phenol, hydroqui none, resorcin,

4,4' thi odi (2, 6-.di.net hyl phenol ~), di hydr oxynapht hal ene, .

bi s( hydroxypﬁgrhﬂrg&iycy]ﬁ%t’a%e‘f‘o%Qg?ﬁyéﬁo%@ﬁ‘? néhERakBeand the Iike:
hydant oi n- based epoxy conpounds derived from5, 5-dinmethyl hydantoin a>id
the Iike; al POYANEUR } 2Py STeRlls therefore, a method for

2, 2- bi s( 3, 4epoxycycl ohexyl ) pr opane .

2, 2-bi s[ 4 ( 2eB838EHDRATISLS JIREGREHF oBafie PaBMHas iTedexene di oxi de,

3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane carboxyl ate and the |ike;

di val ent gl ySUMMARYh&F TdiH 'ﬁ/@’l as diglycidyl ether compounds and the
| i ke derived fromdi hydric phenol ssuch asN, N-di gl yci dylaniline and the

| i ke, amines or hAhogénectd ofi Hiteemfasenthinyendticabrishohd sphevbde Aaand
the like. Further, the resin conposition of the present invention may al so
contain llrésiolcom8ddiciamathd chessan suckeldent material as an epoxy

2, 2-bi s(4-cyanat ephenyl ) propane and the |ike. The epoxy resin conponent of
t he present seméabnduacitorobhcapedlbyingxragetrhalstobbairelddsy dsdmaxsn
conmpound (A) represented by the general fornmula (1) with the pol yfunctional
epoxy conpouepoxP) reshe whichdnhasl extweXhbaxy moidangd pcdpersty farnd exanpl e,
from20 to 99% by weight, and preferably from 30 to 90% by wei ght based on
the total anexceldénthrargdiygqunppently(dyeangt timorpenpepavornag 4@y, |f
only the polyfunctional epoxy conpound ( H) is used, nelt viscosity of the
resin i s high redior efmrapsuietred senilandsctiseddevitargeingoting , réd omi ng
property of the whole resin conposition in heat-nelting becones | ow,

nmol di ng propeomposietkonor ates, gl oss on the surface of the cured nol ded
article disappears, and sonetines, unfilled portion is forned in the cured
materi al . Hy conti’mébgishetbei pobesentadayespoign chbapanndppAy wietdirt he

pol yfuncti onal epoxy conpound (H), high filling with a filler which is

di fficult weompdelipbdpfaawprdaihgepoxy is used al one can be easily
acconpl i.shed, and in addition, a cured material having excellent nolding
property is o} @mepoxharrnprurdmepreseéntad byorpecgapewnsd( Aoxmild or
exanple, from20 to 60% by wei ght based on the total anount r 12 1 ~uiy
2002 of the Ebokxy conpound ( A ) and the epoxy conpound ( H) , f |ow ng
property of the whole conposition is inproved and a nol ded article having
hi gh Barcol e harness can ined. T ent of the epoxy conpound(A)

lyg, obtg
is preferably from20 to 6 Mght, re preferably from30 to 60%
by wei ght which gre epo§y 7 coc\ggggle
1% by weight, th t ol Ny} t e

€ y

\V\hsn t he-€bntent is | ower than
r (\o@the ha@hyll i ng
property insuffidFentYy Th conmpoun has a | ow nelt viscosity and

can contain a |arge -anourfi; of R4l er wRj houtnﬂet eriorating flow ng
property of the whole resin conposition, but the epoxy conpound (A) al one,
sonetines cannot afford a nolded article havjing high Barcol e hardness. By
conbi ni ng t MeFAYFuTht £BnRY FERFREAVIMEARR ¥ngepelfdeRtineashyisegenbased
epoxy conpound (A), it becommes possible to increase crosslinking density
to nake the 3@, N2 GEFAAES]T IHYGH- LGl kiHe IR DBYEPSsE, tQ Hecashrant of
t he pol yfunctional epoxy conpound (B) is, faor exanple, from1l to not nore
than 40% by ak€imght @ aeRs bhteHed t OF aRnarbakd toftachdhenu] eseppurd(A) and
t he epoxy conmpound(B), preferably from1l to 30% by wei ght, and nore
preferably fyad@gen taFoo by wei ght. When the content is |ower than 1% by
wei ght, the effect of inproving Barcole hardness is insufficient. The epoxy
conpound (A Rf a ipokyfsretiomakneponyhaempound having a functional

group number of two or more selected from a glycidyl ether compound of
phenol novolaks or a glycidy! ether compound of trisphenolmethane novolaks,

and



13 1 July 2002 a nmelt viscosity at 150C of preferably I ess than 1 poi se,
and nore preferably Less than 0.5 poise. The pol yfuncti onal epoxy conpound
(H has a nelt viscosity at 150C of preferably |less than 10 poi se, and nore
‘preferably less than 5 poise. In practigcal use, the epoxy cdnpaiyrzD@2) and
t he pol yfunctional epoxy resin (B) may be mxed with a filler and the |iKke,
or the epoxy conponents nmay be previously nelted and m xed or may be nelted
and m xed previously with the resin conponent ( C) such as an epoxy curing
agent and the like before use. . As the epoxy curing agent ( C) , known
curing agent a . I e k d | rl nols such
as phenol no (ﬁc)ak%tgﬁeﬁjﬁg qﬁi‘g&?aﬁ%@?b%gggaéﬁgkﬁggaégﬁggxgﬁcﬁygggxg'l

di cyanedi am de, di am nodi phenyl met hane, di am nodi phenyl sul fone and t he
like, acid affydHde curing agents such as pyronellitic anhydride,
trinellitic anhydr,i de, benzophenonetetracarboxylic acid, .and the Like, and
in view of n¥fi l?%?rﬁﬂﬁsﬁ%ﬂé&ftiﬁﬁyﬂédg?% 538%3I§°QP8UBPe?gﬁaBFefr?Grther,
exanpl es of pol yhydri ¢ phenols as the epoxy curing agept include
poIycondenséﬁ%ggoggangyoweﬁﬁké gﬁéﬁ IQnsﬁgﬁ Egtﬁﬂeﬁﬁggg$a9'oﬁ e epoxy

al kyl phenol s, naphthol and the |ike w th al dehyd~ssuch asfor mal dehyde,

acet al dehydeSeg@rsn&sh, (&) y33&l (Bbenzal dehyde, napht hal dehyde,

hydr oxybenzal dehyde and the |ike or ketones such as _t 14 1 July 2002

cycl ohexanone, ac&UgEh&@ondEthPEPTERE kARVRARHOTH FBLAESS, K9 ¢h A§Fn-

pol yhydric phenols such as pol yvi nyl phenal, polyi sopropenyl phenol and the
li ke; reacti BACHPEdIAtLDISEMSGRNINGFPR drBiLses @btaddiesd &hmpound
represented by the followi ng formula HO H2C ~~- CH2-OH and the |ike or

di al koxys su€Rcapsileddisuademdsudin er Blamnant sLiadithe ABPNEISPRY H2C
-~~--CH2-OR i'n the fornmula, R represents an acyclic or cyclic alkyl group
having 1 to ¥e8ARLEAMPQSH#ELIY- substituted or unsubstituted phenyl group,
and the like, or dihal ogens such as a conpound represented by the foll ow ng
fornmul a X- HRRIEEHDERCRLRATHON QEnTRE BRAWENGsents a hal ogen at om sel ected
fromfluorine, chlorine, bromne and iodine, and the |ike; and Friedel
Crafts type reactFd8uproduEs 2 FXapfe IV IRG ke defation Retween the

di cycl opent adi ene,  dii sopropenyl benzene, and the |ike, and phenol novolak is
particuIarIys®¥E?§¥P§dPPhn§iéﬁéd¥hﬂdﬁk%bP9i¥?tbﬁdP%uﬁthfFﬁﬂabéﬁﬁyﬁthese
curing agents can_be used alone or .in _conpination of twg or, nore_ . Usually,

the amount of theFt8PFRg2ab®t I5RI SHAWRY $Horage stRRIL B PH the ¢
viscosity at 150C of preferably_|ess than 1 ise, and nore preferably |ess
Uhan 0. 5 poiSES CTHRPBPSEEACH: CRATTPONS & GHID SAIRa I Yo EAtRAg 1
viscosity at 150C of preferably less than 1 ol se,. and nore preferabl

eos than 5 RS BESEREETFONCDY THE BRNEEMound () and the

pol yfunctional epoxy tesin (B b ixed with a filler and the |ike, or
t he” epoxy corrponeﬁﬁ’%ch‘gf/cbsg‘ﬁ‘&@gigéu?&yt FEFBATF &SP HHLHS il t ed
and m xed pr.evi_ous with the resin_conponent uch as a oxy.curin
Sent and |HS Fi2t i epciereRin rEPERS Ry tect Ph iR detar®d FoTMG,
curing agentgs, can_be use Exampl es t.hereof. includ ol yhydric phenol s such
e bhenol ndubl ea ot Bngnel RESBERR AR ¢ 1 FuBE Bkt 0 BE5e

di cyanedi ar ni de., di.am nodi phenyl met han di.am nodi phenyl sul f one, and.t he
koot a dioen AR R B Bu O AR PR SRR pERL
trimellitic anhydride enzophenonet et.r acar boxylic agi.d, .and the Like, and
0 Vrew of ity SHAMPEPE RIS, AR Mo ¢ Bl oBPRel RAVES: et
exanpl es of pol yhydric enagl s _as the epaxy curi nt.inclyde
polggondensé§§§ﬁ%¥ bﬂ%lgalﬂﬁrEQBPSH&P§€566%NEEI%EEﬁ%ﬁﬁOEéPFoa om .,

al kyl phenol g, napht ho] and _t.he |ike w th al dehydessuch as
fornaldehydgyﬁﬁﬁﬁ%?d%k?ﬂe?ngcggﬁeﬁﬁﬁeblyoxal, benzal dehyde, napht hal dehyde,
hydr oxybenzal dehyde and the |ike or ketones such as f i4 1 J%l 2002
cycl ohexanone, acet®SRHBhESSHB TFRFF5 RRECHi Y (ERSISHRT 22 HATHH %bé)

pol yhydri c phenal s such as pol yvinyl phenol, polyi sopropenyl phenol and the
like; react AP pP%o%‘EFélBdeHé'nSIlé’c\?oidt%’(ﬁﬁ}%%éﬁhn%ss%lg%%%ahﬁmﬂs

represented by the followng formula HO- H2C- ~---CH2 OH and the |ike or
di al koxys s@IFAEGoRBoANACPEBREIOMAdd MRERPR- fol | owi ng fornul a



H

RO H2C-~~--CH2-OR in the fornula, R represents an acyclic or cyclic alkyl
group having 1 to 6 carbon atons, or substituted or unsubstituted phenyl
group, and the |ike, or dihal ogens such as a conpound represented by the
following fornmula X-H2C ~ CH2-X in the formula, X represents; g,fabggen atom
sel ected fromfluorine, chlorine, brom Be and iodine, and the li'ke; and
Friedel Crafts type reaction products of phenols with diolefins such as

di cycl opent adi ene, diisopropenyl benzene and the |ike, and phenol novol ak is
particularly preferred in view of workability and curing property. These
curing agents ca [ o nbiratian o] r Usual |y,
t he anount of therh ?ﬁrﬁ%({ég'leeg{}%iogl ng e?énggBE&S ?%Eﬁ@széﬁggf?%%“o. 7 to

L2 equl val epgo based 00 d N Y Jisalibedbon A0S AUDLEL hech8ASoEREn 07

equi val ent, or hore 1 valen curi IS Tnconplete rn either

Easlﬁndmeb%*elt iera'é%%%f@%%??‘uéie?b@aﬁnﬁg@&o e?%eég’yi‘?f#é?%?%?%?s‘“d’
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and in part :cg,g_bg.ibfacgtlcjn%a £2nd, (st;ag:h%irx}]%’;r?(agér’f’%?f' um ma are preferred. These

fillers hav ferent form ushed type ) or different

size may also . ege@w&@ EQahBEEESE dHd lSeNd HURUMadd piefiolldluklal Of
noi sture resi stance and nol dihg property, the conmpounding ratio of the
inorganic fikl ar ra% Ma®@rdail %ﬁi%éﬂéﬂ&ka@@e%%ﬁﬂeé@ﬁté&t BY apmunt of
the resin conposition, preferably from50 to 95% by wei ght, nore preferably
from 70 to GaMelrlWFodhiuladd ymame IR of Al YdiKpdr SOy L9-92% by weight. In
the case of using a spherical powder as the inorganic filler, the form may
advant ageoufkyhbestibbeast,i al, 43pEEMs @i I dhy s S en@Ngl p4and havi ng
an aspect ratio of 1. 0 to 1. 2 . A sphere having sphericity near that of a
comer ci al | §ihydirbak8-prbeyileali lbenega pawdaiipyrdirbipa3-by a spray coating
met hod or sol-gel nethod is preferred, and a sphere having sphericity nore
cl ose to thamybstalbenk,sghdredihydmosys3efheralllst i Mere sphed fAg treat nent
is difficult, the inorganic material is processed into a fine powder, and

t hen for neddibydregieRi, 8abimentigl sity 1deme;hdndchahihgtidatoxgethpél-w t h addi ng
a binder to the powder. The formof the crushed powder may be heteronorphic
body such adimepbyybhtdibenkaviénd’ addhydaoky-2g 3 i-dimeArigriss tot Heene anor phous
or crystalline quarts crushed powders obtained by grinding a synthetic or
natural quadiéd’+dibydsoxy23JalyS52602imethydisitd lbemd ,sded T+ cal |y, fused
crushed-silica and the Iike are suitable. As the spherical powder used in

t he presentdihydnokpnl,dnySpondmetbydsihdlbeag, dnd 'aslidydmoegnpl e, whi ch
conposed of three groups, nanely, x, y and z conponents, wll be,

descri bed. Ih2’' x5,5’ ahdtzanebpphehidbbaee 4n4ddvdidyednoayt-icle size fromO0.1
to 1.5 ,u m an average particle size from2 to 15 ,lc mand an average
particle sizg, 3yopé20tebrafethyistidbenei vy ~batylrdrd 'pr ef erably an
average particle size fromO0.1to 1. O ,u m an average particle size from
2 to 10 , u dikydiromya¥ermgehphstitbensi z8-t-but20-#o 436dihydnoeyspect i vel y.
When a powder having an average particle size of less than 0.1 ,u mis
used, due tD,3{ediméthybstdibéhe, pdwtebuegthiothedihydmekiyrSs ,BH f or m

di spersion in the resin conposition becones difficult and f | ow ng property
is lost, and the powder having an average particle size of over 70 ,u m can
not easily filled in fine part of a sem conductor el enent. Wen respective
average particle sizes of the x, y and z conponents are out of the
above-descri bed ranges, flowi ng property of the resin conposition |owers.

It is preferable that the particle size distribution of each spherical
powder used in the present invention is narrower, and further, a powder of
nonodi stribution systemis preferred. Therefore, it is preferable to use a
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r 19 1 July 2002 the apparent volunes before and after the m xing are
different. Therefore, in the above-described description, apparent volune
is not used in calculation of %by volune of each conponent of the particle
aggregate. The crushed powder (n1conpone?t ) used in the presepflyizooention
has an average particle size of 1 to 70 u m preferably 1 to 30 ,u m
Regardi ng the conpounding ratio of the crushed powder (m conponent), the
rati o by wei ght of the m conponent based on the total weight of the
spherical powder conponent and the crushed powder m conponent is preferably
from1l to 3Qinwvthylgbilndhen Bh%-BQEPQUQQMWQdﬁﬁydkdéyl9M6meﬁH?ﬂ-ﬁb'5 _
range, effect for decreasing fin or flash (a resin thin filmdue to fl ow ng
out of a regrbomBAIPIERéNe Jefetabadydensaditad yaddRAL Repidg1Lgsln, and
fornms of an encapsul ating apparatus and nold i$ poor, and en over this
range, flowma-Hyopeiiveré, t BecLBatPlCATROSH Ny ARG/ BASaty1ld 1S
preferable that the fillers used in the present invéntion’s previously

n xed suffi giediydstinesnd) caltyput Pe-ai, % 0Q i hyA Ry CHLUHSHAL Py usi ng an
apparatus such as a m xer, cokneader and the like ufilizing a rotating

bl ade or ai metHylAWRIFENS, WL EObYEPL2L 64/ —3RAKAS oXy oreMpeasel , and
the like. For judging whether the fillers are fully kneaded or nrot, it may
be advant aggousmethyfl A IheA&, S3ze-Bhey 1Ly 0ps hgh SaUES igv di f ferent

pl aces are 20 1 July 2002 neasured, and whether "they are substantially
the sane or ti@methydRckEsbnd Ui herpuopi i onab Ly ntReokkiyl-I3er, svay be
previously treated with a coupling agent or a resin, for use. As the

treat ment Mefia@thyletE Wenad, RIS Ey1 WD) §h-gi Xy A%oky-30NBUCteRd using a
solvent, then the solvent is distilled off, and a nethdd in which the

coupl i ng agerimerhylsHiGtdhd S It anitylna xpd-ihpatBrylinll, 8., and the
mxture is treated using a mxed. In the epoxy resin conposition of the
present invedinethyl-5 ‘adidpylat il iend; r®leabhtglagent -gaadasxgat ural wax,
synt hetic wax, higher fatty acid and netal salt thereof, or paraffin and
the like, 0B’aéecdimeithylagenipraimtl asiiveeon d| ackdinpdrbuyt-Bes,-a surface
treati ng agent such as a silane coupling agent and the |ike, nmay be
optional | y ddnetthyfsittildenes f3,Bre-disdtehiylbg , 4 ucdingdpoky st behiexi de,
phosphorus conpound, brom nated epoxy resin and the |ike may be added. For
exhi bi ti ng #| érredibydrdenyt-3af3‘ecdiprdylet ikbene cpdxy’ +@samyls4particul arly
preferable. Further, for lowering stress, various elastoners nay be added
or previ ousighydaokys tiidbenss. 3H3muideiereot ' +dthydeonylstilbaneype or
reaction tyge el astoners and the |ike such as pol ybut adi ene,

but adi ene- ady §I odiicyclohesyd-dnd’ ~ddihyidmarystibldsene si2i2bne oil and the

| i ke. For encapsulating electronic parts such as a 21 1 July 2002

seni conduct 8¢h¥dgorNe 3|, 3K e Safd Heddasiathyl staskbengwc apstif at ed seni conduct or
devi ce using,the epoxy resin _conposition of the present invention,

curi ng- nol h@Yﬁﬁ9x¥d$aﬁfaéeédsﬁFtEémﬂﬂhﬁiﬁﬁ}kﬂﬁ%ﬁcdhv%htionalIy known
nol di ng met hod such as transfer nold, conpression nold, injection nold and
the |ike. ERRPEERXYRE BorAdntngusydsiiddang sk rbt=<litedrpreehi3{nventi on,
but do not |imt_ the_scope thereof. Evaluation nethods of a kneaded
material arfdictredt¥lrPepé-dimesbygtidhene B ol ihwdhres-3,3t- was
measured by,a 935 tﬁge har dness neasuri_ng appar at us  under conditions of

1750/ 90 secdhk-BRESLaFng reimsthvpstidbenty (&2 ihydrq%y oy 3 enperat ure)

It was neasured using TMA., Water _absorption: Change in wei ght was
n

measur ed urfeTETOREYLrBng oHinsthishilbensy 2.4 Wt 3 (AGX326
nanufactur%g*b% Adva tech,Toyo Cbrg.%,Sgiral flowz It was neasured under
condi ti ons SF-B7REY FoRgf cRlBEERY 4F R LPENEMIA- 1. 66 1 DSSTANY heat

resistance: It is represented by nunber of |C sanples on which crack was

gener at ed é?t%r'5n%eTEFBﬁaTﬁrBugyéSFaéPeB&tﬁnétt@@Oélﬁ@r(3@

directly after 22 1 July 2002 noi sture absorption by sinulated 1Cs ( 52
pi n QFP pacdiSRfeepiichkaganghdikhesent subakjtukden pefdticsis oEPOBY/ 850RH.
Nurmber of sanples: 10. The follow ng exanples illustrate the present

i nvention, GREPAUNESHCH iqﬁi-metcharlgﬁégbeme@b@a;ned Pnsubatidiutsing lee epoxy
equi val ent is defined by nol ecul ar wei ght of an epoxy resin per one epoxy
group. Reference Exanple 1 (1) Synthesis of

1, 1- bi s( hydr oxyphenyl )-2-chl oroethane To a 2-liter four-necked.fl ask

equi pped with a



t hermoneter, stirrer and condenser were added 244 . 4 g ( 2. 0 nol) of

2, 6-xylenol (hereinafter, abbreviated as 26 XY), 193.8 g (1.0 nol) of 40.5%
aqueous chl oroacet oal dehyde sol ution and 376 g of acetic acid, and the

‘mi xture was stirred for dissolution ang cooled to 5C. Then, 1t g kfmwGopas
added dropw se a solution prepared by mxing 122 g ( 1. 2 nol ) "of
concentrated sudA8ur ataai ch widdrifdngcatraaeid hheisbid cTG Ne e st Nk
then the reaction systemwas mai ntained at 25C for 6 hours, and stirring of
the reaction LeHRVRS WIUN &Meth PV &frti @l ah s B Biad €. Aldhg
tenperature of the systemwas cooled to 5C, and the precipitated crystal

was separ at ed thadfd Iddmdd ks The, 27 vat gl qvasyueshed g §h_500 g of water for
six times, then driedrﬂ%der r'educed pregsure at” ‘40 Tar 8 hours to obtain

264 ield 9 t ak f 4 23 1 Jul
208 0! O el sl idess S1ysLalnGelaryof 40 ges: 4 23 1 July
(herelnafter,&gggr\Qﬁﬁﬁiégﬁiégﬁé’dgtgpggghgﬁr%§§ﬁgaggj;%g%yolet ray) was

98.3% and w 0 to’ a” hydroxyf “gro gni zed around

3500 cm 1 by infrared spectrum Fuyrther, a fragpent baving a nol ecul ar
wei ght of 304tﬁ§§36‘1?§é’r35e'oa59‘eﬁ§é’ i 29 sﬁ‘ﬂrp‘ﬁ(ésfu%xkb-rim’-dl-

stil bene-based bisphenol_,To .a 1-liter,four-necked f]ask equipped with a

t her moneter, &€ PFQH’%H&(ﬁﬂﬁﬂ%ﬁﬁ%l%ﬁﬁ %Hﬁed22§5ﬂgiiiﬁrgﬁTEgaﬁd‘QSI.2 g
of methanol, and the mixture Was stirred for disgsolution under nitrogen
flow. To thi stV\BEthdéd Gdr&d\meé‘imlﬁ@lgb%%sgz o aGISHAE BT B hydioxi de
solution at an inner tenperature of 30C for 1_hour. Then, the_tenperature
of the mixtur&-RE§YLaibebd —sidethy 165k thendas2y acledVidRoxy hdud s-dhader
reflux of methanol. After the reaction, high performance |iquid

chr onmat ogr aph{-Putigleibn & reimeiinilas ki kenas Eﬁtrbﬂéﬁiyﬁz%U-that the raw
mat eri al XYCE conpl etely di sappeared. After cooling to 60C, 37.5 g of
concent r at ed QFAYSEAKYrB¢ (&aiSd ~kersk matchael § o Lheaer alBi-fatiutiy 1 afd4 et hano
was distilled off. Then, 1000 g of hot water_ was added, and the

preci pi t at ed éihgdapxyas ot aibméd imethylstt loaneTrad Syst-dtutpt-hmshed

w th water before drying under reduced pressure for 8 hours at 80C, to
obtain 192 g ¢DBYRIPXFF34 rpéls bk rdmesialyoddppneTRgeppantierebanked by GPC
was 98.1% and wi de absorption 1 July 2002 due to a hydroxyl group was
recogni zed arpu@fieBabdechirompyhenyiavegissscofumasinasferof Syrtheehs,
havi ng a nol ecul ar wei ght of 268 was observed by mass spectrum (3)

Synt hesi s of PPBXGTrBAAEESnd aRd0 PF iste tHe hfv FaVeFr&eIdadnol ( XYSB)
obtained in (2) was charged into a reaction vessel equipped wth a

t her nonet er, stirrEReSARAPINEEFERFIE ARP LI TRAM D L PG REIP Lephe el on
tube, and was dissolved, in 485 .6 g of epichlorohydrin and 242.8 g of

1, 4- di oxane. WHtRAR sREhSIRRIFEEBphR e PTRASYN e 2B ansaberlinaysveki de
continuously at 62C with maintaining the inner pressure of the system at
140 tort. Dur@hgEe@iumphpeeaside Fﬁg §h8t ddkRas PSR MAT kY nevBeRi 0 ng
the tenperature at 62C, cool jng and |iquefying epichlorohydrin and water
azeot r opi cal |§ROENFE e SEUrRA RN T HEL T RHF ELY YR oharknedt o tFRAGYEPBM N Af t er
conpl etion of the reaction, unreacted epichlorohydrin and 1, 4-di oxane were
removed by cobE@RGERSHIE QFdRR ARFRE SRSy d5 ahdtahd epgs somcibedal t
and glycidyl ether were dissolved in 800 g of_ methyl isobutyl ketone, and
t he by- produckd Sapanafre Bakenty PPRlicademerelideRpead (P Wk MNag &f+ h
wat er. Then, nethyl isobutyl ketone was distilled off under reduced
pressure of 13idé7-at 160C, to obtain 122.2 g (86.20 of an desired product
(referred to as xYCC-E). 25 1 July 2002 The purity nmeasured by GPC (
detected by differkntthe epbrycrevdn mimpaskislenngfapper aussdemias 93. 0%
the nelting point was |51C, and the epoxy equival ent was 198 g/eq. As a
result of infimvedtabaorpsi polgpenttimnmEaspoenerdongdunds(Beciognlizgdat hat
absorption due to a phenolic hydroxyl group di sappeared, and absorption at
1240 cni 1 an 9152@n11 due to eg?xg exi sted. Reference Exanple 2 (1)

Synt hesi s of HN9UEa(ERPYPORYBRENVL) YR Q| BiosetH§EsEdd diomy & i a)Ecidrle cghe

procedure as (| repee I ol S ct X t \195.5 ¢
(1.6 mol) of Wgﬁd 43 ?%%?po’ﬁ’.‘%}t{kﬁmér) '8 408 ?‘g‘”ﬁsgg%ﬂé eag%of 244
. 4.9 ( 2. Orisphenoléthdanéd- XY, iwavoddMsai N 274herg (yi eldn 84. 1%e of a pade
violet crystal (referred to as XMCE-20) . The purity nmeasured by GPC
(detected by 254 nmultraviolet ray) was 97 . 7% and w de absorption due
to a hydroxyl group was recogni zed around 3450 and 3550 cm 1 by infrared
spectrum Further, fragnents having a nol ecul ar weight of 346 and 304 were
observed by nmass spectrum (2) Synthesis of stil bene-based bi sphenol The
sanme procedure as in Reference Exanple 1 ( 2 ) was conducted except that
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(3) Synthesis of epoxy conpound The sane procedure as in Reference Exanple
1 ( 3 ) was conducted except that 99.7 g of XVMSB-20 obtained in the
above-described ( 2 ) was used instead of XYSB, to obtain 131 g (yield 94%
“of an desired product (referred to as ¥MCC-20). The purity reagyrasbdy GPC
(detected by differential refractive index nmeasuring apparatus) was 93. 6%
_and the content of the stil bene-based epoxy conpound containi ng 26XY and
3M68 in the nolecule was 39.6% The nelting point was 110 to 130C, and the
epoxy equi val ent was 208 g/eq. As a result of infrared absorption spectrum
measurenent, it was recognized t hat absorption due to a phenolic hydroxyl

group di sappeared, and absorption at 1240 ¢ and 9 cm | due to. epoxy
exi sted. ExamgM@stampounds, é?@?lf%éheﬁ?(%fn‘ﬂ%gefoé’oégé’aé?fiﬁ?o’&yo?ﬁgﬁnd

optained in JRtRIEICE cﬁé&ga%cﬁm of ?Jlﬁrara%ﬂ 4O vath pRABIYsukh ds pheby -dv!
ethers of ort ocreso novol ak conpound s aV|ng a nmelt V|sc03|ty at 150C
of 2 . 7 poicseohand thedikesencare referred to as "epoxy 2" and "epoxy 1 July
2002 3" respectively, trade name: Sum epoxy ESCN- 195 nanufactured by

Sum tono Chem cal Co., Ltd., epoxy equivalent were 195 g/eq and 200 g/ eq
respectively) , phenol , novol ak (trade nane: Tamanol 758, manufactured by
Arakawa Kagaku Kogyo Corp. ) as a curing agent, aral kyl phenol resin ( trade
nane: M| ex, nmanufactured by Mtsui Toatsu Chemicals, Inc.),

tri phenyl phosphine as a curing accelerator, fused silica (grade of the
silicais showmn below) as a filler, carnauba wax as a nol d-rel easi ng agent,
and coupling agent (trade nanme: SH 6040, nmanufactured by Dow Corni ng Toray
Silicone Co., Ltd. ) were conpounded in anmounts (g) shown in Table 1, and
the m xture was kneaded with heating by a roll, then subjected to transfer
nol ding. As the filler, a material obtained by conpoundi ng 20% by wei ght of
crushed silica FS891 (manufactured by Denki Kagaku Kogyo K. K. ) with 80% by
wei ght of fused silica FS20 (manufactured by Denki Kagaku Kogyo K. K.) was
used. Further, the nolded article was subjected to post, curing in an oven
at 180C for 5 hours to obtain a cured nolded article. The physical
properties of this cured nolded article were neasured, and the résults are
shown in Table 1. Regarding finished property, the case in which m st and
stain were forned on the nold was represented by x, and the case in which
m st and stain were not forned on a nold 28 1 July 2002 was represented
by O In the table, the term"nolding failure"” indicates the case in which
unfilled portion and void were fornmed in the package. Table 1

Exanpl eConpar ati ve exam | e12345612Content of a ox 2 or 3 i b wei ht

wt 175507550T550100100Fi I |l er content d b wei ht w!808082. 5B2. 585858085Epoxy
1 Epoxy 2 Epoxy 3 Phenol novol ek TPP sH 6040 Carnauba wax Fused silica
Crushed silica Holdin ro ert25 75 - 53.51



1.5 2.0 1.5 491.23 122.B1 O 50 - 52.66 1.5 2 1
53.51 1.5 2 1.5 578.95 144.74 60 50 - 52.66 1.5
1.5 2

- 53.51
10 1 July 2002

5 4B8.51 122.13 Q25 75 -
2 1.5 575.75 143.94 Q25 75

glycidyl ether compounds of polyhydric phenols containing
a trismethane group obtained by condensation reaction of

phenols with aromatic carbonyl compounds. These resins are particularly

preferably in view of heat resistance, easy availability and cost.

The resin composition of the present invention may
contain glycidyl ester-based compounds derived from
aromatic carboxylic acids such as p-oxybenzoic acid, m-
oxybenzoic acid, terephthalic acid, isophthalic acid and
the like, such as bisphenocl A, bisphenol F,
tetramethylbiphenol, hydroquinone, resorcin, 4,4'-
thiodi(2,6-dimethylphenol), dihydroxynaphthalene,
bis(hydroxyphenyl)dicyclopentane,
bis(hydroxyphenyl)menthane and the like; hydantoin-based
epoxy compounds derived from 5,5-dimethylhydantoin afd the
like; alicyclic epoxy resins such as 2,2-bis(3,4-
epoxycyclohexyl)propane, 2,2-bis[4-(2,3~
epoxypropyl)cyclohexyl)lpropane, vinylcyclohexene dioxide,
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate and the like; divalent glycidyl ether compounds
such as diglycidyl ether compounds and the like derived from
dihydric phenols such as N,N-diglycidylaniline and the like,
amines or halogenated bisphenols such as
tetrabromobisphenol A and the like. Further, the resin

composition of the present invention may also contain



1.5 695.91 173.98 D50 50 - 52.66 1.5 2 1.5 692.06 173.01 O 100 - 53.51 1.5

2 1.5 493.95 123.49 D - 100 53.01 1.5 2 1.5 693.6 173.4 DS irel

fl ow364132. 532. 520203018Har col e

“har dness9188918891919190TgTI\/A015015015g1’L40147137182*vvat er 1 July 2002

absor ptionl 6hr.!0.20940. 22080. 19350. 18940. 17340. 16450. 2Q77*20hr . '10. 23940. 22

.260. 20324. 20060. 17980. 1B330. 2246* 24hr . 0. 291 0.

0. 26070. 23590. 22730. 21190. 20440. 2789Bendi ng at roonttren thK

[ mme14. 3' 14, 116. 6415. 5712. 5212. 0814. 9t enper at ur eEl asti ¢ nodul uskK

/ mm 12T01730190S1897200319991785*R. T. Def | ecti on0. 00B70. 0089Q. 01020. 00980. 00

790. 00690. 0098 BAFR FF D 48¢8hr 85 Lh -P1s(4-cyanatephenyl)propane

/sun' 7.317.639. 758. 3912. 0910. 068. 95El asti ¢ nodul usK

/ mm 78970189 8768 1w iiArB39+ Def | ect i on0. 00880. 01250. 01170. 01160. 01110. 01010

. 011*Sol der Cracki ngWeter absor tioni0.210.220.190.190.170. 160. 21*(16

hr) Cr acki 0000000S@hgeepPCKICkEAGIMEPPADSOt of the present invention is

tionl0.2Z0. 220. 200. 200. 180. 180. 22(20 hr) Crack100000070Sol der Cracki ngWat er

absox ti onEOQckt@ized R40mA3Gragl 6hE) G 28 kere hbasadke S0 90 cooPoundndg iy :

rfotding =aiiure (roam ng or toughness on noiaing surfnce) such ns void end

the |i ke occoepeéseatedrins wreeegeénenali fpossild f N (WLthCthk& N O O N 30

1 July 2002 Exanples 7 to 10 and Conparative Exanples 3 to 5
polyfunctional epoxy compound (B).

The content of the epoxy compound (A) is, for example, from 20 to 99%
by weight, and preferably from 30 to 90% by weight based on the total amount
of the epoxy compound (A) and the epoxy compound (B).

If only the polyfunctional epoxy compound (B) is used,
melt viscosity of the resin is high, therefore, when a
filler is used in large amount, flowing property of the
whole resin composition in heat-melting becomes low,
molding property deteriorates, gloss on the surface of the
cured molded article disappears, and sometimes, unfilled
portion is formed in the cured material. By combining the
stilbene-based epoxy compound (A) with the polyfunctional
epoxy compound (B), high filling with a filler which is
difficult when the polyfunctional epoxy is used alone can
be easily accomplished, and in addition, a cured material
having excellent molding property is obtained.

When the content of the epoxy compound(A) is, for

example, from20to 60% by weight based on the total amount



T

The sane eva7.uations as in Table 1 were conducted,. except that
t et ranet hyl bi phenyl type epoxy (epoxy equivalent: 193 g/eq, nelt viscosity
at 150C. 0.1 poise) was used as the epoxy 4, a glycidyl etherified conmpound
of polyphenol which is a reaction condensate of phenol wth 1 j,y 2002
di cycl opent adi ens (epoxy equival ent: 26429g/eq, nelt viscosity at’ 150C. 0.6
poi se) was used as the epoxy 5, a mxture prepared by conpounding 1, FS-20:
crushed silica (average particle size 5.6 ,u n) manufactured by Denki
Kagaku Kogyo K K., 2, Adomafine SO C2: spherical silica ( average particle
size 0. 4 ,u n mnufactured by Adomateck Corp., 3, Silstar M- 06: spheri cal
silica(aver ag%tMQP@xE'COSnEKBIFA/(ABaM whe mparmeonpeyngy By, phbawingni cal
| ndustry, Co. , Ltd., and 4, Excelica SE-40: spherical silica (average
particle sizragerty ofithe whaleacompesibfomoks iarpr Strth atst p. meldeda
formul ation of 1: 10% by weight, 2: 10.8% by weight, 3: 18% by wei ght and 4
61. 2% by varticlewdsawseg kibgh RBancabe batrness(¢anlke obhvaimede The
represented as mxed filler) . The draw ng adhesion at 240C was represented
by force usexbritentirafiithe epoxs?campound(®inisi pkefexhbdy) fapm220Gaft er
the alloy was buried using the resin conposition prepared in each exanple
(accordi ng t6¥ by wedght, awdare preferabd yEfaom 2Chmp&04t byaveight
exanpl e78910395Fi | | er content (% by wei ght) (w %9 90909090908888Epoxy 1 Epoxy
3 Epoxy 4 Eivich BrPlepwiy nesiéhaompdnestt $04Whan hhelmonmeantpiigckbwe s i ca30
70 - - 52.32 1.5 4.4 3.3 1370.840 60 - - 52.09 1.5 4.4 3.3 1368.850 50 -
- '51.98 1. %han 1% by weight, the softening point becomes lower to make

the handling property insufficient.

The epoxy compound (A) has a low melt viscosity and
can contain a large amount of filler without deteriorating
flowing property of the whole resin composition, but the -
epoxy compound (A) alone, sometimes cannot afford a molded
article having high Barcole hardness. By combining the
polyfunctional epoxy compound (B) with the stilbene-~based
epoxy compound (A), it becommes possible to increase
crosslinking density to make the Barclole hardness high.

For the above purpose, the content of the
polyfunctional epoxy compound (B) is, for example, from 1
to not more than 40% by weight based on the total amount
of the epoxy compound(A) and the epoxy compound(B),
preferably from 1 to 30% by weight, and more preferably from
10 to 30% by weight. When the content is lower than 1% by
weight, the effect of improving Barcole hardness is
insufficient.

The epoxy compound (A) of the present invention has
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a melt viscosity at 150°C of preferably less than 1 poise,
and more preferably less than 0.5 poise. The
polyfunctional epoxy compound (B) has a melt viscosity at
150°C of preferably less than 10 poise, and more preferably
less than 5 poise.

In practical use, the epoxy compound (A) and the
polyfunctional epoxy resin (B) may be mixed with a filler
and the like, or the epoxy components may be previously
melted and mixed or may be melted and mixed previously with
the resin component (C) such as an epoxy curing agent and
the like before use.

As the epoxy curing agent (C), known curing agents can
be used. Examples thereof include polyhydric phenols such
as phenol novolak and the like, amine-based curing agents
such as dicyanediamide, diaminodiphenylmethane,
diaminodiphenylsulfone and the like, acid anhydride curing
agents such as pyromellitic anhydride, trimellitic
anhydride,benzophenonetetracarboxylicacid,andthelike;
and in view of moisture resistance, polyhydric phenols are
preferable. Further, examples of polyhydric phenols as the
epoxy curing agent include polycondensates of one or more
phenols such as phenol, various alkylphenols, naphthol and
the like with aldehydels such as formaldehyde, acetaldehyde,
acrolein, glyoxal, benzaldehyde, naphthaldehyde,

hydroxybenzaldehyde and the like or ketones such as
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The epoxy 1 and epoxy .3 were n]xed, and change i.n softening point of the
resi n when ?ﬂ%nﬁf'x‘??‘fé %P?&dwgloEﬁa%e’d’ 9 390 BfgtWe o RdIUr®nce

Exanpl e 4 The epoxy resin m xtures nl.y epoxy conponents) in Ex les 8 to
9 did not fusi n-%%‘ﬁ@l%ﬁl," ae éB‘GP&tbégg"r%%rﬁlrM HEEBFeHSéE‘%qn%Fa%ngar ative
Ref erence Exanple 1 The resin m xture of the epoxy 3 and the epoxy ~ (only
epoxy conponents ) in Conparative Exanple 3 did not maintain definite shape
at roomtenperature, and was a semsolid material in honey-like state. In

t he epoxy resin in Conparative Exanple 4, the resin adhere each other at
roomtenperature, and neasurenent and m xing were difficult. Exanple 15 and
Conparative Exanple 7 The resin conposition of Exanple 9 in Table 2 was

preserved at 23C, and values of spiral flow were neasured w th changing
time (Exanple 15). As Cbnparatjve Exanpl e 7, neasurenent was conducted

M o " ~ - -~ 1 ~ " = 1 ~ —— I
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Mol ded articles were obtained fromthe resin conpositions shown in Table 5.
Thermal deconposition tenperatures of the nolded articles was neasured
usi ng TG DTA (SSC/ 5200 manufactured by Sei ko Instrunents Co., Ltd.). The
Tesults are shown in Table 5. Table 5 Exanpl e 18Conparative ﬁ)ﬂ@lw)bgo%i 1 er
(% by wei ght) 8888Epoxy 150- Epoxy 350- Epb3y 5- 100phenol
nov4l ak51. 9840. 15TPP1. 51. 5SH- 60403. 73. 39car nauba wax?2. 82. 55m xed
silicalll4.51027. 78Thernmal deconposition tenperature367C323C T 1 July
2002 The epoxy resin conposition of the present invention maintains
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the like before use.
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As the epoxy curing agent (C), known curing agents can
be used. Examples thereof include polyhydric phenols such
as phenol novolak and the like, amine-based curing agents
such as dicyanediamide, diaminoc;iphenylmethane,
diaminodiphenylsulfone and the like, acid anhydride curing
agents such as pyromellitic anhydride, trimellitic
anhydride, benzophenonetetracarboxylic acid, and the like ,
and in view of moisture resistance, polyhydric phenols are
preferable. Further, examples of polyhydric phenols as the
epoxy curing agent include polycondensates of one or more
phenols such as phenol, various alkylphenols, naphthol and
the like with aldehydes such as formaldehyde, acetaldehyde,
acrolein, glyoxal, benzaldehyde, naphthaldehyde,

hydroxybenzaldehyde and the like or ketones such as
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1 July 2002 3. The epoxy resin conposition according to claim2, wherein
the inorganic filler (D) is in an anount of from~0 to 9s% by wei ght based
on the wei ght of the whole resin conposition. 5 4. The epoxy resin
‘conposition according to claim1, or 2, mhereln t he epoxy cu kﬂﬁg@@ﬁﬂ%
contai ning a phenolic hydroxyl group (CD IS an arallcylpheno resin A
resi n-encapsul at ed sem conduct or devi ce obtai ned by encapsulating a 10
sem conductor el enment using the epoxy resin conposition of claiml or 2.
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and the 1ike, and phenol novolak is particularly preferred

in view of workabil‘ity and curing property. These curing
agents can be used alone or in combination of two or more.

Usually, the amount of the curing agent is preferably



!
& () DvdECDY10%&9109%& ()- YF109Z& ()-,  100Z& ()-s100%& ()-  109%Z& ()-f#
@O%Z& () - FxnbCY10%4.0%%& ()-M 10Z 10Z 10Zy2109@& () - s0S109@& () - $10%Z& () -
"10928& () - aAdENbCY10% 109Zk& ()- 100Z& ()-f @OYZ& ()- 100Z& () - S#
" @O0%& ()- SY100Z& () - A{ DAEMDCY10%#100Z& () - S )
1092& () - @O%E& ()-F10%Z& ()-f 100Z& ()15 109%Z& ()-Di U =u~ eit1t92s
10928 ()-, S| 109%& ()-! '10%& ()-° ' 100&ZR& ()- O ' 10%& ()-y%d0o%Z& (- u
bCY10UG@ 0% () - yYS10%T&: () - s10%T& ()-° 10Z 10Z
10Z<ML0%Z& () - €91 109Z& () - WIEbCYL0YS10%TE () - y10%T& () - y10%T&’ () - y10%T& () -

gg T 8‘%5%%( %?)}A; 2%%&%%% ')°_(’5 fo‘fo%ﬁl"?)’fi%i_’évld’f*?es“r 10% h
12, ) OB ALY RIS B TP e PR
Tows L& (3 Ao e Id 32 Thadhoder?) 1 e Eher bpat 0g )
310% () - #3810%%hgk'%%g%%égiy resin composition of the present
invention is cured, known curing accelerators can be used.
Examples of these accelerators include, but not
limited to, organi¢ phosphine compounds such as
triphenylphosphine, tri-4-methylphenylphosphine, tri-4-
methoxyphenylphosphine, tributylphosphine,
trioctylphosphine, tri-2-cycnoethylphosphine and the like
and tetraphenyl borate salts thereof; tert-amines such as
tributylamine, triethylamine, 1,8~
diazabicyclo(5,4,0)undecene-7, triamylamine and the like;
quaternary ammoniumsalts such as benzyltrimethylammonium .
chloride, benzyltrimethylammonigm hydroxide,
triethylammoniumtetraphenyl borate and the like;
imidazoles, and the like. Among them, organic phosphine
compounds, 1,8-diazabicyclo(5,4,0)undecene-7, and |
imidazoles are preferred in view of moisture resistance and
curing property, and triphenylphosphine is particularly
preferred.
Examples of the inorganic filler (D) in the epoxy resin
composition of the present invention include silica,
alumina, titanium white, aluminum hydroxide, talc, clay,

glass, fiber and the like, and in particular, silica and
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' s10%U& () form (spherical or crushed type) or different size may also .
be mixed to increase filling amount for use.

In view of moisture resistance and molding property,
the compounding ratio of the inorganic filler is from 25
to 95% by weight based on the total amount of the resin
composition, preferably from 50 to 95% by weight, more
preferably from 70 to 95% by weight, and more preferably
from 80 to 92% by weight.

In the case of using a sPherical_powder as the
inorganic filler, the form may advantageously be
substantial sphere containing no sharp éngle and having an
aspect ratioof 1.0to 1.2. A sphere having sphericity near -
that of a commercially available spherical silica powder
produced by a spray coating method or sol-gel method is
preferred, and a sphere having sphericity more close to that
of a real sphere is more preferable. When sphering
treatment is difficult, the inorganicmaterial is processed
into a fine powder, and then formed to a spherical powder
by a mechanochamichal method with adding a binder to the
powder.

The form of the crushed powder may be heteromorphic
body such as a polyhedron having angle and the like. Among
other, amorphous or crystalline quarts crushed powders

obtained by grinding a synthetic or natural quarts lump is
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suitable, and specifically, fused crushed-silica and the

like are suitable.

As the spherical powder used in the present invention,
any powder can be used, and as one example, which composed
of three groups, namely, x, y and z components, will be
described. The x, y and z components have an average
particle size from0.1 to 1.5 U m, an average particle size
from 2 to 15 #m and an average particle size from 20 to
70 14 m respectively, and more preferably an average
particle size from 0.1 to 1.0 4 m, an average particle size
from 2 to 10 4 m and an average particle size from 20 to
50 4 m respectively. When a powder having an average
particle size of less than 0.1 4 m is used, due to
flocculation of the powder each other, sometimes uniform
dispersion in the resin compositz}on becomes difficult and
flowing property is lost, and the powder having an average -
particle size of over 70 4 m can not easily filled in fine
part of a semiconductor element. When respective averagé
particle sizes of the x, y and z components are out of the
above-described ranges, flowing property of the resin
composition lowers, It is preferable that the particle
size distribution ¢f each spherical powder used in the
present invention is narrower, and further, a powder of
monodistribution system is preferred. Therefore, it is

preferable to use a powder in which x, y and z components
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measured by using an apparatus such as a laser scattering
particle size distribution measuring apparatus and the
like.

Regarding the compounding ratio of the spherical
powders x, y and 2z, ratios by volume of the x, y and z
components based on the calculated total volume of the x,
y and z components may be advantageously from 10 to 24% by
volume, from 0.1 to 66% by volume and from 24 to 76% by volume
respectively, and more advantageously from 10 to 24% by
volume, from 0.1 to 36% by volume and from 57 to 76% by volume
respectively, and more preferably from 10 to 20% by volume,
from 4 to 30% by volume and from 60 to 76% by volume
respectively. When the ratios are out of these ranges,
flowing property of the resin composition lowers.

The aforesaid descriptions of % by weight in the
present invention are obtained by calculation using values
obtained by dividing respective weights of the w, y and 2z
components by respective true specific gravity, as volumes
of respective components. In general, the apparent volume
of a particle having particle size distribution changes
depending on manner for f£illing into a measuring vessel,

and when aggregates of heterogeneous particles are mixed,
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of each component of the particle aggregate.

The crushed powder (m component) used in the present
invention has an average particle size of 1 to 70 um,
preferably 1 to 30 #m. Regarding the compounding ratio
of the crushed powder (m component), the ratio by weight
of them component based on the total weight of the spherical
powder component and the crushed powder m component is
preferably from 1 to 30% by weight. When the compounding
ratio is lower than this range, effect for decreasing fin
or flash (a resin thin film due to flowing out of a resin
component) generated depending on kind of the resin, and
forms of an encapsulating apparatus and mold is poor, and
when over this range, flowing property of the resin
composition decreases.

It is preferable that the fillers used in the presen£
invention is previously mixed sufficiently. Specifically,
the mixing can be conducted by using an apparatus such as
a mixer, cokneader and the like utilizing a rotating blade
or air, an apparatus which vibrates, shakes or rotates a
vessel, and the like. For judging whether the fillers are
fully kneaded or not, it may be advantageous that particle

size distributions of samples in different places are
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measured, and whether they are substantially the same or
not is checked. Further, optionally, the filler may be
previously treated with a coupling agent or a resin, for
use. As the treatment method, there are a method in which
mixing is conducted using a solvent, then the solvent is
distilled off, and a method in which the coupling agent or
the resin is directly mixed with the filler, and the mixture
is treated using a mixed.

In the epoxy resin composition of the present
invention, in addition, a mold-releasing agent such as
natural wax, synthetic wax, higher fatty acid and metal salt
thereof, or paraffin and the iike, or a coloring agent such
as carbon black, and further, a surface treating agent such
as a silane coupling agent and the like, may be optiocnally .
added. Further, a flame retardant such as antimony
trioxide, phosphorus compound, brominated epoxy resin and
the like may be added. For exhibiting flame retardant
effect, a brominated epoxy resin is particularly |
preferable.

Further, for lowering stress, various elastomers may
be added or previously reacted for use. Examples thereof
include addition type or reaction type elastomers and the
like such as polybutadiene, butadiene-acrylonitrile
copolymer, silicone rubber, silicone oil and the like.

For encapsulating electronic parts such as a
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semiconductor and the like and producing a resin
encapsulated semiconductor device using the epoxy resin
composition of the present invention, curing-molding may
advantageously be effected by a conventionally known
molding method such as transfer mold, compression mold,

injection mold and the like.

EXAMPLES
The following examples illustrate the present
invention, but do not limit the scope thereof.
Evaluation methods of a kneaded material and cured
article are as follows.
* Barcole hardness: It was measured by a 935 type hardness
measuring apparatus under conditions of 175°C/90 seconds
according to ASTM D-648.
*Tg (glass transition temperature): It was measured using
TMA.
* Water absorption: Change in weight was measured under'
conditions of 85°C/85%RH using a thermo-hygrostat (AGX-
326 manufactured by Advantech Toyo Corp.)
+ Spiral flow: It was measured under conditions of 175°C
/70kg/cm’ according to EMMI-1-66.
* Solder heat resistance: It is represented by number of

IC samples on which crack was generated after immersion into

a solder bath at 240°C for 30 seconds directly after
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moisture absorption by simulated ICs (52 pin QFP package:

package thickness 2,05 mm) under conditions of 85°C/85%RH.
Number of samples: 10.

The following examples illustrate the present
invention, but do not limit the scope thereof.

In the examples, the epoxy equivalent is defined by
molecular weight of an epoxy resin per one epoxy group.
Reference Example 1
(1) Synthesis of 1,1-bis(hydroxyphenyl)-2-chloroethane

To a 2-liter four-necked. flask equipped with a
thermometer, stirrer and condenser were added 244.4 g (2.0
mol) of 2,6-xylenol (hereinafter, abbreviated as 26 XY),
193.8 g (1.0 mol) of 40.5% aqueous chloroacetoaldehyde
solution and 376 g of acetic acid, and the mixture was
stirred for dissolution and cooled to 5°C. Then, to this
was added dropwise a solution prepared by mixing 122 g (1.2
mol) of concentrated sulfuric acid with 84 g of acetic acid
at 5°C over 3 hours, then the reaction systemwas maintained
at 25°C for 6 hours, and stirring of the reaction system
was continued overnight at room temperature. The
temperature of the system was cooled to 5°C, and the
precipitated crystal was separated by filtration. The
crystal was washed with 500 g of water for six times, then
dried under reduced pressure at 40°C for 8 hours to obtain

264 g (yield 86.6%) of a colorless crystal (referred to as
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XYCE). The purity measured by gel permeation

chromatography (hereinafter, abbreviated as GPC, detected

by 254 nm ultraviolet ray) was 98.3%, and wide absorption

due to a hydroxyl group was recognized around 3500 cm™ by

infrared spectrum. Further, a fragment having a molecular

weight of 304 was observed by mass spectrum.

(2) Synthesis of stilbene-based bisphenol

To a l-liter four-necked flask equipped with a

thermometer, stirrer and condenser were added 225.6 g of

XYCE and 451.2 g of methanol, and the mixture was stirred

for dissolution under nitrogen flow. To this was added

dropwise 91.9 g of 48.3% agqueous sodium hydroxide solution .

at an inner temperature of 30°C for 1 hour. Then, the

temperature of the mixture was raised and the mixture was

reacted for 3 hours under reflux of methanol. After the

reaction, high performance liquid chromatography

(hereinafter, abbreviated as LC) recognized that the raw

material XYCE completely disappeared. After cooling ta

60°C, 37.5 g of concentrated hydrochloric acid was added

for neutralization, and methanol was distilled of£f. Then,

1000 g of hot water was added, and the precipitated crystal

was obtained by filtration. The crystal was washed with

water before drying under reduced pressure for 8 hours at

80°C, to obtain 192 g (96.7%) of a yellow crystal (XYSB).

The purity measured by GPC was 98.1%, and wide absorption
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due to a hydroxyl group was recognized around 3400 cm™ by

infrared spectrum. Further, a fragment having a molecular

weight of 268 was observed by mass spectrum.

(3) Synthesis of epoxy compound

100 g of the raw material phenol (XYSB) obtained in.
(2) was charged into a reaction vessel equipped with a
thermometer, stirrer, dropping funnel and condenser having
a separation tube, and was dissolved in 485.6 g of
epichlorohydrin and 242.8 g of 1,4~dioxane. To this was
added dropwise 61.71 g of 48.3% sodium hydroxide
continuously at 62°C with maintaining the inner pressure
of the system at 140 torr. During this procedure, the
systemwas reacted withmaintaining the temperature at 62°C,
cooling and liquefying epichlorohydrin and water
azeotropically, and returning the organic layer back into
the system.

After completion of the reaction, unreacted
epichlorohydrin and 1,4-dioxane were removed by
concentration under reduced pressure, and the by-produced
salt and glycidyl ether were dissolved in 800 g of methyl
isobutyl ketone, and the by-produced salt and

dimethylsulfoxide were removed by washing with water.

Then, methyl isobutyl ketone was distilled off under

reduced pressure of 10 torr at 160°C, to obtain 122.2 g

(86.2%) of an desired product (referred to as XYCC-E).
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The purity measured by GPC (detected by differential
refractive index measuring apparatus) was 93.0%, the
melting point was 151°C, and the epoxy equivalent was 198
g/eq. As a result of infrared absorption spectrum
measurement, it was recognized that absorption due to a
phenolic hydroxyl group disappeared, and absorption at 1240
em™! and 915 cm™! due to epoxy existed.
Reference Example 2
(1) Synthesis of 1,1-bis(hydroxyphenyl)-2-chloroethane
derivative
The same procedure as in Reference Example 1 (1) was
conducted except that 195.5 g (1.6 mol) of 26XY and 65.7
g (0.4 mol) of 3M6B were used instead of 244.4 g (2.0 mol)
of 2,6-XY, to obtain 271 g (yield 84.1%) of a pale violet
crystal (referred to as XMCE-20). The purity measured by
GPC (detected by 254 nmultraviolet ray) was 97.7%, and wide
absorption due to a hydroxyl group was recognized around
3450 and 3550 cm™ by infrared spectrum. Further, fragmenté.
having a molecular weight of 346 and 304 were observed by
mass spectrum.
(2) Synthesis of stilbene-based bisphenol
The same procedure as in Reference Example 1 (2) was
conducted except that 144.8 g of XMCE-20 obtained in

Reference Example 2 (1) was used instead of XYCE, to obtain

124 g (yield 96.6%) of a yellow crystal (referred to as
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XMSB-20). The purity measured by GPC (detected by 254 nm
ultraviolet ray) was 97.1%, and wide absorption due to a
hydroxyl group was recognized around 3400 cm™ by infrared
spectrum. Further, fragments having a molecular weight of
310 and 268 were observed by mass spectrum.

(3) Synthesis of epoxy compound

The same procedure as in Reference Example 1 (3) was
conducted except that 99.7 g of XMSB-20 obtained in the
above-described (2) was used instead of XYSB, to obtain 131
g (yield 94%) of an desired product (referred to as
XMCC-20).

The purity measured by GPC (detected by differential
refractive index measuring apparatus) was 93.6%, and the
content of the stilbene-based epoxy compound containing
26XY and 3M6B in the molecule was 39.6%. The melting point

was 110 to 130°C, and the epoxy equivalent was 208 g/eq.

As a result of infrared absorption spectrum measurement,
it was recognized that absorption due to a phenolic hydroxyl
group disappeared, and absorption at 1240 cm™ and 920 cm
due to epoxy existed.
Examples 1-6 and Comparative Examples 1-2

The epoxy compound obtained in Reference Example 2
(referred to as “epoxy 1”), glycidyl ethers of orthocresol
novolak (compounds having a melt viscosity at 150°C of 2.7

poise and 1 poise are referred to as “epoxy 2” and “epoxy
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3” respectively, trade name: Sumiepoxy ESCN-195
manufactured by Sumitomo Chemical Co., Ltd., epoxy
equivalent were 195 g/eq and 200 g/eq respectively), phenol |
novolak (trade name: Tamanol 758, manufactured by Arakawa
Kagaku Kogyo Corp.) as a curing agent, aralkylphenol resin
(trade name: Milex, manufactured by Mitsui Toatsu Chemicals,
Inc.), triphenylphosphine as a curing accelerator, fused
silica (grade of the silica is shown below) as a filler,
carnauba wax as a mold-releasing agent, and coupling agent
(trade name: SH-6040, manufactured by Dow Corning Toray
Silicone Co., Ltd.) were compounded in amounts (g) shown
in Table 1, and the mixture was kneaded with heating by a
roll, then subjected to transfer molding. As the filler,
a material obtained by compounding 20% by weight of crushed -
silica FS891 (manufactured by Denki Kagaku Kogyo K.K.) with
80% by weight of fused silica FS20 (manufactured by Denki
Kagaku Kogyo K.K.) was used.

Further, the molded article was subjected to post ‘
curing in an oven at 180°C for 5 hours to obtain a cured
molded article.

The physical properties of this cured molded article
were measured, and the results are shown in Table 1.
Regarding finished property, the case in which mist and

stain were formed on the mold was represented by X, and

the case in which mist and stain were not formed on a mold
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was represented by O. In the table, the term “molding

failure” indicates the case in which unfilled portion and

void were formed in the package.
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but crack occurred in inner portion.
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temparature | modulus
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Beanding at | Strength Xg/mm? 0.91 1.02 1.32 1,26 1.7S
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Quter crack 3 0 0 0 0 60
Solder Water LY 0.21 0.20 0.18 0.22
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2.7 mm thick | Inner crack ) 0 0 - 0 0
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Reference Example 3

The epoxy 1 and epoxy 3 were mixed, and change in
softening point of the resin when the mixing ratio was
changed is shown in Fig. 1.
Reference Example 4

The epoxy resin mixtures (only epoxy components) in
Examples 8 to 9 did not fusin-bonded, and could be ground
and handled easily.
Comparative Reference Example 1

The resin mixture of the epoxy 3 and the epoxy 4 (only
epoxy components) in Comparative Example 3 did not maintain
definite shape at room temperature, and was a semisolid
material in honey-like state. In the epoxy resin in
Comparative Example 4, the resin adhere each other at room
temperature, and measurement and mixing were difficult.
Example 15 and Comparative Example 7

The resin composition of Example 9 in Table 2 was
preserved at 23°C, and values of spiral flow were measureci
with changing time (Example 15). As Comparative Example
7, measurement was conducted using the resin composition
of Comparative Example 3 in Table 2. The change is shown
in Fig. 2, regarding spiral flow value directly after
preparation of the resin composition as 100.
Examples 16 to 17 and Comparative Example 8

Measurements were conducted in the same manner as in
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Tables 1 to 3. An aralkylphenol resin (trade name: Milex,
manufactured by Mitsui Toatsu Chemicals, Inc.) as the
curing agent, triphenylphosphine as the curing accelerator
as the curing accelerator, fused silica (grade of the silica
is shown below) as the filler, carnauba wax as the
mold-releasing agent, and coupling agent (trade name:
SH-6040, manufactured by Dow Corning Toray Silicone Co.,
Ltd.) were compounded in amounts (g) shown in Table 1, and
the mixture was kneaded with heating by a roll, then
subjected to transfer molding. Further, the molded
article was subjected to post curing in an oven at 180°C
for 5 hours to obtain a cured molded article. The physical

properties of this cured molded article was measured. The

results are shown in Table 4.
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Table 4
Example Comparative
example
16 17 8
Epoxy 1 85 70 100
Epoxy 2 15 30 -
Aralkylphenol 81.7 82.1 80.8
TPP 3.5 3 3.5
SH-6040 4.4 4.4 4.4
Carbauba wax 3.3 3.3 3.3
Mixed silica 1355.8 1335.5 1325.6
Spiral flow | inch 22 24 29
Barcole hardness 82 86 76

Example 18 and Comparative Example 9

Molded articles were obtained from the resin

compositions shown in Table 5. Thermal decomposition

temperatures of the molded articles was measured using

TG-DTA (SSC/5200 manufactured by Seiko Instruments Co.,

Ltd.). The results are shown in Table 5.
Table 5
Example 18 |Comparative
Example 9

Filler (% by weight) 88 88
Epoxy 1 50 _
Epoxy 3 50 -
Epoxy 5 - 100
phenol novolak 51.98 40.15
TPP 1.5 1.5
SH-6040 3.7 3.39
carnauba wax 2.8 2.55
mixed silica 1114.5 1027.78

Thermal decomposition 367°C 323°C

temperature
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The epoxy resin composition of the present invention
maintains excellent molding property and can provide a
package without generating a defect even if the amount of
the filler is increased. The epoxy resin composition of
the present invention has lowmoisture absorption and other
properties in well-balanced particularly as a material for
encapsulating electronic parts. Further, a resin

encapsulated semiconductor device obtained by using this

resin composition is excellent in solder crack resistance.
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1. An epoxy resin composition comprising:

(A) an epoxy compound represented by the general formula

(1):
R1— Rs Rg HL_ RS
0 /; L_ \ o)
VaYa \%,:é__ >' ¢ CH{;_é/'O\/Q (1)
HZ H4 Ra RG

wherein, R, to R, represent each independently a hydrogen
atom, an acyclic or cyclic alkyl group having 1 to 6 carbon

atoms, a substituted or unsubstituted phenyl group or a

halogen atom,

(B)  a polyfunctional epoxy compound having a functional group number of
two or more selected from a glycidyl ether compound of phenol novolaks or a

glycidyl ether compound of trisphenolmethane novolaks, and

5 (C) anepoxy curing agent containing aphenolic hydroxy!l group,
wherin, the proportion of the epoxy compound (A) is from 20 to 99% by weight

based on the total weight of the epoxy compounds (A) and (B).

2. The epoxy resin composition according to claim 1, which further
10 comprises an inorganic filler (D) in an amount of from 25 to 95% by weight

based on the weight of the whole resin composition.
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epoxy curing agent containing a phenolic hydroxyl group (C) is an aralkylphenol

resin.

5. A resin-encapsulated semiconductor device obtained by encapsulating a

10 semiconductor element using the epoxy resin composition of claim 1 or 2.



