; e3e” WLLM PA"PLV6WI™ W EPOXY RESI N COVPOSI TI ON AND RESI N- ENCAPSULATED
.SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON Field of the Invention The

present inventio ﬁm“ @‘ an epoxy resin conposition which is useful for
encapsul ating el amm\“m\ \“ “ect ronic rra{ erials, particularllyJalve0pic
parts such as an adhesgiswey, paint, insulation material and | am nate.
Description 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

amount i ng of epSKYi RESENE COMPOSITAON @D REIS UN-ENCAPSURATEDON i nto a sol der
bath is increasing. Since an encapsulating material is exposed to high

t enper at ure spMtObDRDUCTORTBEVIOMI Sture absorbed in the encapsul ating

mat eri al 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 | ow noi sture absorption, high crack resistance and

i nproved adhestREROGNDL ber TrEOINYENTITONIG | OW nDi st ure absorption, an epoxy
resin of low viscosity in which a filler can be filled in high

concentrati omiésddesi thd. Ivenedbny condition, an encapsulating material in
whi ch 2 1 July 2002 glycidyl ether of o-cresol novolak is used as a

pol yfunctional eppky peeseneninpbasdbnn@edlates stols@tl @porycrhesng agent is
mai nl y used, however, when the encapsul ating material absorbs noisture in
storage, theshsyeigbss wiieth Asobs €681 ciwrtencHN 0 ing ellecttdidlang t hese
probl ens, the encapsulating nmaterial is wapped for preventing noisture
absorption igleftcdhialmatseridls | hramiimil ey e Fedt phepdrisy paacepasy resin
in.current use has a |lower viscosity and can contain a filler in higher
concentrat i e tddiresipe) ypabntj ohabudpeipn emteridahcend hkahipatayl epoxy
resin is a bifunctional epoxy resin and has a | ow nol ecul ar wei ght.

Theref ore, mMesdriptibrsooPtthe Hepabddndran the bi phenyl type epoxy resin
can be reduced as whol e package and strength thereof can be increased,
consequent |y, ex®sdesitly; abdr rescaspsutatiag semducmdwrtaass congiarasl wit h
an epoxy resin in the formof a glycidyl ether of o-cresol novol ak.

However, th&sd pHehy|txampeisporyandsthehddkprottiranstfeat maldliofy amoperty of
a cured article thereof is |ow as conpared with the polyfunctional epoxy
resin. Ther @donanirkblymiseful sparycheabhotegresdpéenyls caniunared. by
conbi ni ng the current biphenyl type epoxy resin with the cresol novol ak
type epoxy resinBagtiqudhanky ni siex £ #ee raBeuntisgosift yS& isuineasntlivvel
however, the m xture of the_biphenyl type epoxy resin _and the cresol

novol ak typ&onanctery \anhirepikyirperpieBcdnes Seficddiard bath ds
(honey-like state) and has no definite shape after nelt mxing, therefore,
handl i ng pr éPSHERFP % he SEESEN2R LNGRRFY I T BRE MakfT IRt 15 BEPRFREFS esi n
tends to adhere each other, therefore, there is a problemin handling a

| arge amounfigh tRIPEEFTTEOID FBist hEPARHEPE a MATSFUTSH SRSRERER 47/ pe
i ich h i, bility. bet t hat of .the bi | .t
cpoxy 1 osi ntARISPREPSBE SEABSPELEF LD BANEY pd sk o EOPEReL GRHRLY ci al | y
ilable . _Th i bl t hat the dj c) t adi typ [
hac a I ow TBREETS i APCRREoLARECOTE AaHEF cLObER Bt YL R e T he
resin shoul d be &gol ed and ggeserved conseguentl there is f}ggt% pr obl em

in handling a | atdETERSERr bR IFROFESET L CHFPETLant 1S requ

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

*G00001*




In addition, the dicycl opentadi ene type epoxy resin contains a small nunber
.of epoxy groups per unit weight of resin, therefore curing and nol di ng
property thereof are sonetines insufficient, and further, heat resistance
of the cured and nolded article are al so sonetines insuffiq{gn} zabace t he
resin has an alicyclic structure deriv from non-reactive uly

di cycl opent adi ene. The bi phenyl type biTunctional epoxy resin has a problem
that curing and nol ding property is poor since the nunber of epoxy
functional group is small per one nolecule, unlike the cresol novol ak type
pol yfunctional epoxy resin. Specifically, Barcole hardness of the biphenyl
type resin glgcidydl et2ea? of igynresdbveegolaknbbdiagdasscanpared with the
pol yfunctional epoxy resin, therefore, a nmethod for enhanci ng Barcol e

har dness hapobpéundsionad. epomynResdn B pPhemIll oxvadakbiscused ale
present invention is to provide a resin conposition which is an excellent
mat eri al asaacurpogy agemtc disdrationl ensgdul boveyermt enénl thebt ai ned by
using an epoxy resin Wich has excellent nolding property and excell ent
handl i ng prepeapsudabingt maceniednadsantbe nehstare esi nstorageul thed

sem conductor device using the resin conposition. That is, the present

i nventi on iabaweegesgribednprobpesist pogusconpTherafore)) fan apokgisgnpound
represented by the general formula (1): RLRBRR7T RS s Op ~CeCH\ OOR2
R4 Re Rs whehesa prdblemsR, thepegsmpswlkathi nqdgianieant iy wrbpgedgforat om an
acyclic or cyclic alkyl group having 1 to 6 carbon atons, a substituted or
unsubst i t utpEtepéeBing groliptorea abslospdian din KEHcigol Wseict i onal epoxy
conmpound having a functional group nunber of two or nore selected froma

gl yci dyl et her c@mpohedothephbaot,nevbisphennl type @RPHY atemkn cighpound of

tri sphenol net hane novol aks, and ) ] . ]
current use has a lower viscosity and can contain a filler

in higher concentration than a polyfunctional epoxy resin,
since the biphenyl epoxy resin is abifunctional epoxy resin
and has a low molecular weight. Therefore, moisture
absorption depending on the biphenyl type epoxy resin can
be reduced as whole package and strength thereof can be
increased, 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



5 1 July 2002 (C) an epoxy curing agent containing a phenolic hydroxyl
.group, wherein the proportion of the epoxy conmpound (A) is from20 to 99%
by wei ght based on the total weight of the epoxy conpounds (A) and (E)
Further, the present invention relates to a resin encapsula{gdI 2

sem conduct or devi ce obtai ned by encap%ylating a sem conduc P“%?ggent
usi ng the above epoxy resin conposition. BRI EF DESCRI PTI ON OF THE DRAW NG
Figure 1 is a graph showing the relation between the softening point and
the mxing ratio of the epoxy resins. Figure 2 is a graph show ng storage
stability of the resin conposition of Exanple 9 and Cbngarative Exanpl e 7.
DETAI LED DESERkP RN roberamesnyemdsolhidpetatecl kanept bikestake ) aggdect i ve
substituents Rl to R9 of the epoxy resin represented by the general fornula
(1) used i Mmagengr @géhmitﬁvéhﬁp@naifﬁ@mdt@kﬁetrhyxlrggoubgeéeﬁ?regr oup, propyl
group, butyl group, anyl group, hexyl group, cyclohexyl group, phenyl
group, tol yragdbing mergyafpt(fﬁetqulﬁgq'anSr é@ﬁééfi‘-?éepé’rorre?§ﬂ‘-géﬁlrori ne
atom, brom ne atomand the |ike. The epoxy resin represented by the
general formie ixed yesin teadsotaiadhe s egrhcrther ethexefianfy there

stil benephenol s according to a conventional nethod. 6 1 July 2002 ‘A
literature ¥son Rephlem Spehapdlingbpgdaxkas amuint D tha ¥esSig. (1969))

di scl oses a production nethod of a stilbene-based bi sphenol conpound which
is a raw materi @n cthe etkepxlandsi a4, disycgRpsandadinng &¥pe seRPX¥ onpounds
such as 4, 4'-di hydroxystilbene, 4, 4'-dihydroxy-3, 3"'dinethylstilbeng,

4, 4' - di hydmesinswhich Basquring I#'P-Q-tliﬂYoéﬁéwéﬁé} that|qfcshedhiphenyl
literature (METHODEN DER ORGANI SCHEN CHEM E ( HOUBEN- WEYL) BAND | V/| C Pheno
Teil 2 P103YP8IERONHESSANPARA 3 b P intthifo§r65 04, BOVELRKIE PRS- CROXY

-met hyl stil bene, etc. using phenol and chloroacetone as a starting
material . GREHT e examered adilvt pYaddiatddhe- FRESE pReAPEORLER Bl raw
mat eri al of the epoxy resin_represented by the general formula (1) include
4, 4' - di hydt$8/ Hethprantaskifne £ype RPREY 056550 a3t dirlting

di hydr oxy- 3-propyl sti | bene, 4,4'-di hydroxy-3anyl stil bene, )

- di hydm%ﬁﬁéxg?gﬁﬁI%ﬁ&he{%em’i’ya‘ﬁéﬁfl 2‘?5%?#@Fﬁy| LRe AR

" -di hydr gxy-.2, 6di net sti | bene, 4,4'-di hydroxy-2, 3" -di nethylstil bene,
' di hg;dlsgx)%.\_lg’ §e1@qf¥%pm§q?§ﬁgﬂ ’ conglequeﬁ/tfy, there 1syalso

dh%%%é§gbgem§%rﬂ e %ﬁitplh ggggi%&%‘é’}t of the resin as above.
_bgiCr?z?zyg#ﬁiﬁ?@g&;&%&ng%;gé%%%h%%%g%adiene type epoxy resin
“buty1 ARt B Ay LB R B e ror rpipamisns of
butyl - feping BERYEerd R ARY BB dIg MiRberty thereof are
) but y1 - §Oﬁ{e}%§%ﬁﬁfgz}ﬁg¥}ﬁ?ﬁ?ﬁk%hb&?%f. resistance of the

but yl - . oXYy- thyl'stilbene,
but yl - éuééadhﬁagﬂméé‘%ﬂ@we?ai@g BphetiieeNensufficient,
butyl -4, 4" -di hydroxy-3,5, 5" trimethylstilbene,
bUtyl'giﬁbédkhéd&%§ﬁh3ha§,‘ﬂrdﬂﬁﬂiPdﬁﬁ!ééﬁﬂéture derived from
butyl -4, 4" -di hydroxy-3',5", 6trinet’hyl stil bene,

but yI - Aof-rdiaBrdiexidycadEdad idhe Pr opy! stil bene,
butyl -4, 4" -di hydroxy3' ; 6-di net hyl -5" - propyl stil bene,

4 -dihydroxy-3ng’ g BRERYStYLRCRL.EuhoY toH £ Nebody drediitviaexysti | bene,
-di hydroxy-3, 3' -di propyl stil bene, 3,3'-dianyl-4,4"di hydroxystil bene,

:‘dihexyfoﬂléhrgﬁgﬂdﬁﬁ% lan¥en81ding property is poor since the

- di cycl ohexyl -4, 4" - di hydr oxysti | bene,
di hydr guMberdof epoxy! fbASEROAYL tFd SRS small per one molecule,
di hydroxy-3,3"',5,5" -tetranethyl stilbene, 4,4"-""
ydr oxy-g3nBikditHe RHe¥lat AbPENSK tc}rpe polyfunctional epoxy resin.
' -di hydroxy-3,3"di-t-butyl-5,5" -dimethyl'stil bene,
- di hydgoxyi 8i dalil vl -Batyb1 8. 0arsh &8s VF Hrd BeRRenyl type resin

-di hydroxy-3,3' di-t-butyl-6,6"-di nethyl stil bene,

, 4" -di hydroxy-3, 3" di-t-butyl-6,6"-di methyl stil bene, :

, 4" -di hydroxy3,3" ,5,5" -tetra-t-butyl stil bene and the like (includin
i soners having different substitution position). Epoxy conmpounds of a
-nmet hyl sti |l bene obtai ned by substituting a

4, 4
4,4
4,4
4, 4
4,4
4,4
4,4
3-t
3-t
3-t
3-t
3-t
3-t
3-t
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3-t
3-t
3-t
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1 July 2002 carbon atom on a carbon-carbon doubl e bond of t:-~ese styibene
.conmpounds with a nethyl group are also exenplified. A ~nong these
compounds, 2,2'-di hydroxy-3,3",5,5" tetranethyl stil bene,

4, 4" -di hydroxy-3,3",5,5 tetranmet hyl sti] bene, 4,4'-di hydroxy; 3, 3 '
tetramet hyl - cY-net hyl sti |l bene, i ! JUR/Q%O@

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" -dit-butyl-6,6"-di methyl stil bene,

2,4 -di hydroxy-3,3"'-dit-butyl-6,6"-di methyl stil bene,

3-t-butyl -4, sl ilghyliyokpwadrs5is molidiethydstcopaeced with the

3-t-butyl -2, 4" di hydroxy-3',5,6-trinmethylstil bene and

3-t-butyl -4, golyhyseokgndl, Bpohyt riesdny et bfoeear @ padHadl fat y
preferable fromthe vieTr,rpoints of easiness of synthesis, performances,
and price ofedlwn¢ g nBheebdk. hibdaesephas resénsdaseredt.ai ned by reacting
bi sph~nols with an epi hal ohydrin in the presence of an al kaline such as

sodi um hydr @tiveamndor hegki kgvERerbncul arly, when an epoxy resin having
nigh pun ity is obtained, a reaction in the presence of an aprotic sol vent

is suitable as degfrdbfset NodaprecpeeBaheNti AL LRI 28 LAl gr,@%%e(,JaD- A)
No. 6031,517. In the €epoxy resin conposition. of the present invention, as
of two

pol yfunctio &PLa iRANH Rk vB&E il
or mare selg%#ggp??géfgggpggﬁﬂg$é%gﬁirhco&%%£~ngﬁof pﬁ%%%?gﬁzggﬁgﬁéqbr a

glyci dyl et lagy i%w%feﬁgsatp%%ﬁ'}% MARIANEL Ne¥dladitad bsve&ﬁ&gk%_rge used

9 1 July 2002 known conpoun exanpl es thereof 1 nclude”novol ased

epoxy resin \eﬁ;é',c r‘ﬁﬁﬁt' r i nol s such
ag p%enol, %pcr s%eyalﬁh t he llf??:aeé) gﬂgglifgklwuﬁ%%%ggF%%gyPhgt her
compounds ob AR herR1GR0) Br6RRAY eI L ESBR BanBegalit bLANCd by
condensati on reaction OP phe o?s %ith aromatic car onyﬁ compounds. ese

resins are B%L%Eggﬁéxpeﬁﬁeaa%xmieoxhﬁwt% QA IS U e £8SYn

avai lability an
composition.

That is, the present invention is an epoxy resin
composition comprising:
(A) an epoxy compound represented by the general formula

(1):
R1— RS Rg R7_ Rs
0 o/ >-(|3=CH—< N o ]
A= 7NV B
H2 R4 RB Rs

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



The resin conposition of the present invention may contain glycidyl

est er-based conpounds derived fromaromatic carboxylic acids such as

“p- oxybenzoi c acid, nobxybenzoic acid, terephthalic acid, isophthalic acid
and the |ike, such as bisphenol A, bisphenol F, tetr'anethwlghphgagb,

‘hydr oqui none, resorcin, 4,4'thiodi(2,6dinethyl phenol), Y

di hydr oxynapht hal ene, bi s(hydroxyphenyl ) di cycl opent ane,

bi s(hydr oxyphenyl ) mrent hane and the |ike; hydantoi n-based epoxy conpounds
derived from 5, 5-di net hyl hydantoin a~td the Iike; alicyclic epoxy resins
such as 2, 2-bi s(3, 4epoxycycl ohexyl ) propane,

2, 2- bi s[ 4- (2(C¢paxyepory! Fuythghegghfpcopaadninqyd ghelnaicxe iy diraxy He,

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

di val ent gl ygrelyp, et her conpounds such as diglycidyl ether conpounds and
the like derived fromdihydric phenol ssuch asN, N-di gl yci dyl aniline and the
li ke, ami nesywér&phograapedpbanbanolfstieckepaxyt eomdrerdlizsphendrom and
the like. Further, the resin conposition of the present invention may al so
contain 120 ko W9s PO EAIRE IO tHechkAgal weight of the epoxy

2, 2-bi s(4-cyanat ephenyl ) propane and the |ike. The epoxy resin conponent of
the present ddmnssin@8 (A)0Rhai peq .by mxing the stilbene-based epoxy
conmpound (A) represented by the general fornmula (1) with the pol yfunctional

epoxy conmpound ( &y r{iier $ophensrekehhe iARXNE LML &) £bSa £o5igXanpl e,
from20 to 991 by weight, and preferably from 30 to 90% by wei ght based on

t he total ; d (B). If
e tota alfsya#el]at 9115@§d699ﬁszcsaaeeueg (a@g iyl csmﬁp@&ybformoun (B)

only the po ct1onal epoxy conpoun is used, nelt viscosity of the
resin 1s h hcddirdolfy AR SohlitbEbr! S14MERL WL 1 ERe URHA epbk W NG
property of ?ﬁ% 5?% re%ﬁh cdhpos?tionrin ﬁ%at-#%ﬁf%&g %econesePéw?
mel di ng properdiy 4d9{ei&s;, 9loss on the surface of the cured nol ded
article disappears, and sonetines, unfilled portion is forned in the cured

materi al . Bypg@p0igdrripEr &t i dPebgePaRaGIRIROXY conpound (A) with the
pol yfunctional epoxy conpound (e), high filling with a filler which is

difficult when tgﬁigﬁz@aé'dgy'ifétia%‘f‘ﬁpﬁpé’%é{wiﬁguﬁﬁlé ﬁg@&@j_&ﬁnb@€wééﬁi Ly

acconpl i shed, an ition, a cured matéri a vi ng excel | ent no?ding

property issahtainied pdien bhm efel fkial A% ieP8XYeRePRYRF(Alsigs, fOr
exanple, from20 to 65@6by wei ght based 6n the total anount 12 1 July
2002 of the epoxyjgeounds(A Jrapd $NEwERgXy¥t6eHBBUSEabilli Ly, of £R&M NY
property of the whdle conposition is inproved and a nol ded articl e having
hi gh Bar col geBannesmpedi ti®vnoBEakERafp1EN9 SR8t €ohpoEat DeeeRRANpEaMPOUNd(A)
is preferably from20 to 60% by weight, and nore preferably from30 to 60%
by wei ght WhhEAZLEDERPESCRISITON @ oremt SNVEWIgoNt he content is |ower than
1% by wei ght, the softening point becones |ower to nake the handling
property insuffispesifithexapplesohahsl fdfgpdasiael subseituengsoity and
can contain a large anount of filler w thout deteriorating flow ng property
of the whol eorrgsof thapasiity s iureplressmred tognphangeddyadl formulonet i nes
cannot afford a nolded article having high Barcol e hardness. By combi ni ng

t he pol yf un¢tponakdejoxctheommuaeh Hnwehhibhe incillubenaerdsdd epmyy,
conpound (A), it becomres possible to increase crosslinking density to nake
t he Bar cl ol ethgldgessphi ghopFbrgtrbepabbutypugposp, ampl cpndems hdxghe

pol yfunctional epoxy conpound (H) is, for exanple, from1l to not nore than
40% by wei ghtobpsedyohonbkaylogabuppophenygl gheuppokyledngooumpl( Aylyd t he
epoxy conpound(B), preferably from1l to 30% by wei ght, and nore preferably
from 10 t o §Péupy (deicdiuding ere gdesc tcione enhsome risowe chilloani nkodomei ght, t he
effect of inproving Harcole hardness is insufficient. The epoxy conpound
(A) of the preméne amoantanah thes like.

The epoxy resin represented by the general formula (I)
can be obtained by glycidyl-etherifying stilbenephenols

according to a conventional method.



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 yfunctional epoxy conpound
(B) has a nelt viscosity at 150C of preferably |less than 10 poi se, and nore
preferably less than 5 poise. In practical use, the epoxy coqﬁﬁugﬂh ) and
t he pol yfunctional epoxy resin (B) may e mxed with a fillérin i ke,
or the epoxy conponents may 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 agents can be used. Exanples thereof include polyhydric phenols such
as phenol novol aR dh8errsurek évoankatt Hhs ek T nduiaRids Anﬂsuéﬁ’l%

di cyanedi am _de, di am nodi phenyl net hane, di am nodi phenyl sul fone and the

li ke, acid dARydBild&ocdbi h§968ent disgénses gy pepduction Hehhad @f a
trimellitic anhydride, benzophenonetetracarboxylic acid, and the Iike, and
in view of Abidbene-basest hﬁ\ééhepéllyﬁ9mpp§n§h‘égépb 5% e praakt sagierd alrurt her,
exanpl es of pol yhydric phenols as the epoxy curing agent include

pol ycondens@fethef epasyoreabre phdrph¥siaah nrophekdes o4r compounds

al kyl phenol s, naphthol and the |like w th al dehydessuch asfor mal dehyde,

acet al dehydeéuchcprsl 4ird, -gihydaoxysddddansw de, 4 raphhydrasyyde3 ' -

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

cycl ohexano@émetBrlsphéhene add 4t rdihvidsoxy i 3 o yPrkri zati on type

pol yhydric phenols such as pol yvi nyl phenol , pol yi sopropenyl phenol and the

| i ke; reacttehrpregbryistaibprenand \KﬁEf)lleh ldika s dgether Jdidanatue
represented by the follow ng formul a HO- H2C- -~ CH2~OH and the |i ke or

di al koxys sMTH@DENc%W%@bﬁM% (HRUBEN-WEMLIg BAYPNTV4lc
RO-H2C-~~--CH2-OR in the fornmula, R represents an acyclic or cyclic alkyl
group havi nghened §eéér3031936ﬁ3§eéﬁr§&&ﬁiqlnﬁﬂﬁQﬁtkﬁﬁnmﬁ#h@@t@ﬁ pheny
group, and the like, or dihalogens such as a conpound represented by the
fol l owi ng féraltdilvdpoxy-gHmethnlshblibengul gtcx pspngshencd Mfidbgen at om
sel ected fromfluorine, chlorine, bromne and i.odine, and the |ike; and
Friedel O FRXC¥9PpeetBRt2Bn2pFbAGELRIoMASKEFSs with diol efins such as

di cycl opent adi ene, djisopropenyl benzene and_the |jke, .and phenol novol ak is
particularly prelRETELT @ &t Q%OFESb'T'FHQe%ﬁdLEEFF‘n@hﬁg‘aﬂaér‘ﬁFid These

Che amount 3 4 HRE P RGE SoboF Che, BPEREOFRS Ln: FOPERAGHEADIN e ¢

{han 0. 5 pAREe The BIGHaneL | ChATIRBx)” SoTROMNATORY s & Nel t vi scusity

at 150C of pralrabldodees 4N d0npalaty- 3N IRIS IBLEADIY, d 255 than S
dihydroxy-3-propylstilbene, 4,4’-dihydroxy-3-
amylstilbene, 4,4’-dihydroxy-3-hexylstilbene, 4,4'-
dihydroxy-2,3-dimethylstilbene, 4,4’-dihydroxy-2,6-
dimethylstilbene, 4,4’'-dihydroxy-2,3’'~dimethylstilbene,
4,4'-dihydroxy-3,3’,5-trimethylstilbene, 4,4’'-
dihydroxy-3,3’,5-trimethylstilbene, 4,4’'-dihydroxy-
3,3",5,5'-tetramethylstilbene, 4,4’-dihydroxy-
2',3,5,6’'~tetramethylstilbene, 3-t-butyl-4,4’'-
dihydroxy-3’~methylstilbene, 3-t-butyl-4,4’-dihydroxy-

5,3’-dimethylstilbene, 3-t-butyl-4,4’-dihydroxy-3’,6-



In practical use, the epoxy conpound (A) and the pol yfunctional epoxy resin
{ B) my be mxed with a filler and the |Iike, or the epoxy conponents may
be previously nelted and m xed or may be nelted and m xed previously W th
the resin conponent ( C) such as an epoxy curing agent and,t @ :gég bef ore
use. . As the epoxy curing agent ( C) 7 known curing agent§ SN fised.
Exanpl es t hereof include pol yhydric phenols such as phenol novol ak and the
I'i ke, ami ne-based curing agents such as di cyanedi am de,

di am nodi phenyl net hane, dianinodiphenylsulfone and the like, acid anhydride

anhydri de. bERIBRERARAL re?%?}; %@%d‘{ of RO k- AR -Frew of
L o,
The i, PRI e SR Al St
such as y Eﬂngé 356§e¥y§r8ﬁ§ Q5 é&@ﬁﬁgﬁﬁﬁéq%nﬁe¥¥£ 5. vi nyl

pol §?§L'pf§t5é %bﬁ%gﬁbf-’gsﬁhydﬁe r?p&i”‘i' Ba?t‘*c %a@r&'% 5’ Xc'r%ﬁ%ﬁ%ﬂlmh di ol s
T e
al kyl group b 8E8&r b r s Stituted

fhe ol ?2&%@%&? tié‘aﬁ’aefr déhﬁ' S R S Eperfts 5 hal ogen
e L e Y
parglcurarﬁggkﬁﬂﬁgrred §¥E§f€9¥%£§g£§kagl 'P RO r.%ﬁgﬁp ¥V. These
the. amount o S REREHEES %ae%?g?@%#g SR T et D e 007 1o
L. 2 equl valatiedigaad o) éxg@,zewy 48 1V\Re£' tnﬁh%m e 1RER L han 0.7

equi val ent eqU|va cufln i'sfInco ‘ei t her

case. \Wengthe IEHE# r esent Hi_Qn 4i,S cured,
known curlngmacgﬁ$é*g?§§éq%§ﬁ be é&héaé%gﬁgg'o? ?hegg%g'ceﬁgrators

i ncl ude, bt hhng.C

Lr1 phenyl phaEa R B L RERP R DL 18  CATROUIESy St e,

tri-4net hogypheaylaRasHuneaL —4r4m&ﬂﬂf&‘@éﬁiﬂéﬂﬂbéﬁéocbybph%phl ne,

tri-2- cycnoethylphosphlne and the 1iKe an tetraphenyl borate salts

ther eof ; t@aihydiforgs 3580 S tridudananybstilberby! apine,

1, 8d|azab|cyclo(5 4, 0)undecene-7, trianylam ne and t he | i ke; quaternary
anmoni um salxhyda-uedy-as, k $[Y1 A 't-rueqaa:tab:)dﬂ{m\wmenshl gpide, :

benzyl tri met hyl anmoni um hydr oxi de, tri et hyl amoni unt etraphenyl bor.ate and
the |ike; dtbhgdrokgs3,anddike-bueylsAimilitgeddend, 1 9abhedporgpBbi,Be-
conmpounds, 1, 8-di azabi cycl o(5, 4, 0)undecene-7, and inidazoles are preferred

in V|em1ofdnetsbutgl#ésﬁSLNMmmtﬂyisnﬂlbgn¢u0@ﬁ4tydlnydrbkypBeBprhosphlne
is particularly preferred. Exanples of the inorganic filler ( D) in the

epoxy residiebrbusiyfli-6n 66~dilme tydsdrnitl Heneent2 A +dittydieosy-B¢ar -al um na,
titani um white, alum num hydroxide, talc, clay, glass, fiber and the I|ike,
and in pardietthutydibi,6d~ditdethylgli 00, A i +dibkydroxe+2;8ed. These
fillers having different

di-t-butyl-6,6’~dimethylstilbene, 4,4’-dihydroxy-

3,3',5,5'-tetra~t-butylstilbene and the like (including
isomers having different substitution position). Epoxy

compounds of -methylstilbene obtained by substituting a



form (spherical or crushed type) or different size may also . be mxed to

_increase filling amount for use. In view of noisture resistance and nol di ng

property, the conpounding ratio of the inorganic filler is from25 to 95%

by wei ght based on the total anmount of_the resin conposition,  pr bly

from50 to 95% by wei ght, nore pref e_ra%l y from70 to 95% by?vt}e"ﬁ}f;%&d%nd

mor & pr ef er by bears 8 LA, 22U Rl Slion LB DG, £330 OF W92 SRRl CA
er sly be

powder as the i1norganic fi the form may advant ageou substanti al

spher & cont i pgoN8ANAE Py aglee aNd dbRKENg- BN ASRCELoA@H 10 0l L allchy 1 2

A sphere havin ericrty near a conirércra availabl e
spherical siljga. po t praduced . by a. .spray coating hod or sol -gel
met hod is pre#g??gd%%ﬁaggggﬁh?r’ezb'h'ac&rmgé%%:ﬁ%r- Ci3ty re close to that of a
real sphere is nore preferable. Wien sphering treatnmgnt js difficult, the
i norgani c mt%??é@?gaﬁﬁaéégg’gﬁ‘%'nt“d A‘;'p‘f‘iﬁrf@f 5%¥F§T§nd e formed to a
spheri cal powder by a nechanocham chal nethod with_adding a binder to the
powder. The fefEFdReEpgletidRedepotae’ Tiﬁa‘;mb%rﬁﬁﬁ’eﬁoﬁdrrﬁift' body such as a
pol yhedron having angle and the |ike. Anmong ot her, anorphous or crystalline
quarts crushetepoaetBybbitaimethpysyilbensy # syhtdehydroxyrat, Braldiguart s
lunmp is 1 ~ 1 July 2002 suitable, and specifically, fused crushed-silica
and the |ike tarhutyl+abbé-disethylspidbans ., powdérdidydnoxythi, predint
i nvention, any powder can be used, and as one exanple, which conposed of
three groups,t+anmeyls6x6 ‘' ydamdthydetpidbenss, 2l -8éhgdsoriybed, 3 Theix, vy
and z conponents have an average particle size from0.1to 1.5 ,u m an
aver age part itcimitsyk-e6 § 6 oad2mebh¥istditl banend 24 avdihgdrpant-X] ¥ sdize from
20 to 70 ,ccmrespectively, and nore preferably an average particle size
fromO0.1 to k-butylré af’ adbmagkypatiilbenss Z-f+bat@ltd , 40 u m and an
average particle size from20 to 50 ,(.Gnrespectively. Wen a powder
havi ng an avelidgelfmtg+3t g5 5% zet pimbedy lishdl Hede , u3Ati-Buttyad,2 dire- t o f
| occul ati on of the powder each other, sonetines uniformdispersion in the
resi n conposidihyddeepa®s, it f § -tnimethd listdlibener apér 8y ti-butst-4 and. t he
powder having an average particle size of over 70 ,u mcan not easily
filled in figdhyaido:of-3 sinj Ceutineahydlseiiiiend\hener papediculearfiver age
particle sizes of the x, y and z conponents are out of the above-descri bed
ranges, fl owpre Aerabed £ oim tthee neswpaobnpesofi easliaesss ofl syinkhHasifs) abl e
that the particle size distribution of each spherical powder used in the
present i nveplerdonmanees pvetd pnicéuothehe apowdetenialonodi stribution
systemis preferred. Therefore, it is preferable to use a powder in which
X, y and z conponahiese epdx¥ rhs inL@E2 aptalinestey dfeactim§ binghknols
respective particle sizes by sieving operation. The average particle size
i s defined awiahb@nYediamdoaydefincumuithe peepandelcf disklidaltion sweasur ed
by using an apparatus such as a | aser scattering particle size distribution
measuri ng appar stds uanhtdrodides. aRbgareli hijkehe Bampoondiard w atdierofart he
spherical powders x, y and z, ratios by volune of the x, y and z conponents
based on t heepakyukasdn hewaingybligie pof ittye 18, op taihed c@prasmt someEyn be
advant ageously from 10 to 24% by volunme, fromO0.1 to 66% by vol une and from
24 to 76% bythel preseespeef ianctprosid solveadviatsgbioakly 43 dusky itted4% by
volume, fromO0.1 to 36% by volunme and from57 to 76% by vol une
respecti vel yinadeapagres eord eemb| Appiomatdono 12004 bYpenl (a2 ~Af)r oo .4 806- 30%
by volune and from®60 to 76% by vol une respectively. Wen the ratios are
out of these3lasgds, flow ng property of the resin conposition |owers. The
af oresai d descriptions of % by weight in the present invention are obtained
by cal cul ation usithRg ttad Weso:optresed bym@bgiidiingn resSpersi peeseinght s of the
w, y and z conponents by respective true specific gravity, as vol unes of
respective corpeneiich, lds gvgMAinct henappapert, vehpdand @ padide having
particle size distribution changes depending on manner for filling 1nto a

measuring vessel, and when a%gregat es of heterogeneous particles are m xed,
~ 9 1 July 206owmtional group number of two or more selected from a glycidyl ether

compound of phenol novolaks or a glycidyl ether compound of

trisphenolmethane novolaks, there can be used



t he apparent volunes before and after the mxing are different. Therefore,
in the above-described description, apparent volune is not used in

cal cul ation of % by vol une of each conponent of the particle aggregate. The
crushed powder (m component) used in tpje present invention has an rage
particle size of 1 to 70 ,u m preferably 1 to 30 ,ccm RegéréPhb28§§
conpoundi ng ratio of the crushed powder (m conponent), the ratio 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 30% by
wei ght. Wen the conpounding ratio is lower than this range, effect for
decreasing fin or flash ( aresin thin filmdue to flowng out of a resin
conponent) d@mvrat@upwpbndmdlgxmpﬂcs iberedf inkbide esivolakatinded @po®y efsimn
encapsulatln paratu and I 0 nd when over this range, flow ng
property of ‘t raé§ |IWC§8W6%‘?%F%H% 2@8}@;@@@ with paengissuchaty thnﬁgto't he
fillers usedykddl bh®tHRNAGEMd i nvention is previously mxed sufficiently.
Specifically, the mxing can be conducted by using an apparatus such as a
m xer, cokneader and the like utilizing a rotating blade or air, an
apparatus whi ch vi brates, shakes or rotates a vessel, and the Iike. For
judgi ng whether the fillers are fully kneaded or not, it nay be

advant ageous that particle size distributions of sanples in different

pl aces are 20 1 July 2002 neasured, and whether they are substantially
the sane or not is checked. Further, optionally, the filler may be
previously treated with a coupling agent or a resin, for use. As the
treatnment nethod, there are a nethod in which mxing is conducted using a
solvent, then the solvent is distilled off, and a nethod in which the
coupling agent or the resin is directly mxed with the filler, and the
mxture is treated using a mxed. In the epoxy resin conposition of the
present invention, in addition, a nold-releasing agent such as natural wax,
synt hetic wax, higher fatty acid and netal salt thereof, or paraffin and
the Iike, or a coloring agent such as carbon bl ack, and further, a surface
treati ng agent such as a silane coupling agent and the |ike, may. be
optionally added. Further, a flane retardant such as antinony tri oxide,
phosphorus conpound, brom nated epoxy resin and the |ike may be added. For
exhibiting flanme retardant effect, a brom nated epoxy resin is particularly
preferable. Further, for lowering stress, various elastoners nay be added
or previously reacted for use. Exanples thereof include addition type or
reaction type elastoners and the |ike such as pol ybut adi ene,

but adi ene-acrylonitrile copolyner, silicone rubber, silicone oil and the

| i ke. For encapsul ating electronic parts such as a - 21 1 July 2002

sem conductor and the |like and producing a resin encapsul ated sem conduct or
devi ce using the epoxy resin conposition of the present invention,
curing-nol ding may advant ageously be effected by a conventionally known
nol di ng nmet hod such as transfer nold, conpression nold, injection nold and
the |like. EXAMPLES The followi ng exanples illustrate the present invention,
but do not Iimt the scope thereof. Evaluation nethods of a kneaded
material and cured article are as follows. Barcole hardness: It was
nmeasured by a 935 type hardness neasuring apparatus under conditions of
175C/ 90 seconds according to ASTM D-648. Tg (glass transition tenperature)
: It was neasured using TMA. Water absorption: Change in weight was
measured under conditions of 85C/ 85%H using a therno-hygrostat (AGX326
manuf act ured by Advantech Toyo Corp.)



-Spiral flow It was measured under conditions of 175C /70kg/cm~ accordi ng
.to EM -1-66. Solder heat resistance: It is represented by nunber of IC
sanpl es on which crack was generated after imersion into a sol der bath at
240C for 30 seconds directly after 22 1 July 2002 noi sture absorption
by sinmulated I1Cs ( 52 pin QFP package 1Ig)ackage t hi ckness 2. 09 MV %%Igr
condi tions of 85C/85%H Nunber of sanples: 10. The foll om ng exanpl es
illustrate the present invention, but do not limt the scope thereof. In

t he exanpl es, the epoxy equivalent 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(hydrﬁwehagml etBeehborgstnases g:@lﬁxd)l'&ffé ﬁr@é‘ﬁoﬁgcd‘&dtéiﬁlﬁka 0 (

equi pped with a thérnmonmeter, stirrer and condenser 'were added 244 .

2. 0 nol) of 52 B3 xybeRahe( BeEENBbLESN ne@ s \eio@atd%que.a&gén' 93088 (1.0
nol ) of 40.5%% aqteous chleoraoacét oal déﬁyde ggl ution and 376 ga%‘%L aréect)?c
acid, and the m xture was stirred for dissal ution. _and. bGy Then,
to this was réaels Wispaoarty gaaﬁwlowrw%@ﬁ-ed*ﬁﬁbem?%‘%g%ﬁ%%&z‘ 172 mol )
of concentrate i gt M AnB4 edsPivanasilitEamteabtat SC over 3 hours,
t hen the re%f@&%ﬂgﬁlg%&mgfggnﬁ?lnt gi ngd ygt 25C f%r 6 hours, and stirring of
the reaction systemwas continued overnight at roomtenperature. The
tenperature of the systemwas cooled to 5C, and the precipitated crystal

d by fi i h I ith f f
Six times. then dHibd EhidrcrRatetiishe ot itedh: LavRBs SR A i n
264 ield 86. 69 . | I f d . ' 23 1 Jul
2002 xveE) . SAERA 15y FeEhr 815D -Ha e R L I ORAT R, SRR
(hereinafter,_abbrevi ate% as, GPC dgt ecte baYs 254 n%ultravi ol et, ray) was
98.3% and W& hbEorprt AAhECt 8 ARy FHSRY 12 B ?nfB&SQﬁFi'gd ound
vl ght of 30IXRETISTAG A by SRt SRRk F A 1 0) L SyRPRBae etid”and”

i | bene-based hi.sphenol =L - ked fl i d with

Cher momet or C8 (1 PG A cRucRsEPPERPa Raasd S350 § Bt “VCE and 451. 2 ¢
f hanol d j i d.f di | uti d [
Flow To tnte arnuap tgn Te 8165558 5 Rkt oBafbm hyar oxi de

t

of the mi xi Tan 44 SRR 1 Eashel . Bk nast R R our e tncier
Chr omat ogr oy e YOS ERE B BB BT OO Zed that the raw
Concent r at el TRk S e e A et F o Rl r o (o Phke1dinalary
b aci pi tat cr SRy T PP RERe s AR e oL R A n e T2t

with water bef@re druwng indelofedicetn Br gasyr asf or, B hiours, 4L 80C to
obtain 192 g ( éG.a 7%%&011‘ ;@Eiloeﬁeow crystal (XYgB) . The {)u'r?ty measur ed by
GPC was 98. dXoxgbgciohe @S Rpae, 2, 24pisJyly220Q2 due to a hydroxyl
group was recoghi zed around "3400 cm 1 by infrared spectrum Further, a
fragment hagpBgypr v 1 o op&8e Va5 APISBF YV ESn BY e HBSEL HPELL T UM
(3) Synt hesig o?ﬁegﬁch?poynd%{)% %?t e raw material phenol (X\/SH)
obt ai ned i n3(23)epakyeiA1eetiylinethy BAS] § 0BpYRFEQC10MEped wWith a
thernoneter, stirrer, dropping funnel and condenser having a separation
tube, and W@&rﬂb%ﬁ?ﬂa\t‘édah@ 4251 Hx8; ofivani & %QQM@Wlneéﬁ@r%ﬁo@n@i _

1, 4-di oxane. To this was added dropwi se 61.71 g of 48. 3% sodi um hydr oxi de
conti nuousl yuah £2&1 ¢kl i#§iI1Né ehak RGrigun A AndPE RS JUNE gk rlikRasystgm at
140 torr. During this procedure, the systemwas reacted wi th naintaining

the tenperajyp9dat cGMensD9IsiiR 298 ,N-QUH W ADd £PAE I 2hahyel kReand yat er
azeotropically, and returning the organic l'ayer back into the system After

conpl etion poh; B8 beaRla1FhetdHRAN BsbEPhSD505@BYdRIsN and 1, 4-di oxane were
renoved by concentration under reduced pressure, and the by-produced salt

d gl ~rci : i I { ; h LSob | ; , d
T B e bk ehBsbrsalol e g 200 9106, mOrLapsabund onc, o

t he by-produced salt an By Wwashing Wt

brecsir e of TPPOrF 8T TaoE T & b 156354 FaB e i S FRET

product (referred to as XYCC-E).



- 25 1 July 2002 The purity neasured by GPC (detected by differenti al
_refractive index neasuring apparatus) was 93.0% the nelting point was
151C, and the epoxy equivalent was 198 g/eq. As a result of infrared
-absor pti on spectrum neasurenent, it was recogni zed t hat absorpiigﬁ ue to a
.phenol i ¢ hydroxyl group disappeared, hhd absorption at 1240 ity 2092015 cm
1 due to epoxy existed. Reference Exanple 2 (1) Synthesis of

1, 1- bi s( hydr oxyphenyl ) - 2- chl or oet hane derivative The sane procedure as in
Ref erence Exanple 1 ( 1 ) was conducted except that 195.5 g (1.6 nol) of
26XY and 65.7 g ( O . 4 nmol ) of 3MbB were used instead of 244 . 4 g ( 2 .
0 mol ) of 2Zydrate ﬁ@spzbéasﬁcméng(,)@-Eﬂids@Quc)l%lht@bh@n@qg%r\b <
crystal (reférred to as XMCE-20 ) . The purity neasured by C ( detected
by 254 nm ulypwWrd etigay ) was 9 7 . 7 % and wide absorption due to a
hydr oxyl group was recogni zed around 3450 and 3550 cm 1 by infrared

SISeLeT oy el LR Sy e e e 0 e
j 2
I ST R BTl bl
XYCE, i i 9
o CE 1orRB Aoz &gl a0t abeauel o suvekalygreferred Lo as

ultraviolet_r .97, 1% i rptd,on due to a hydroxyl group was
recogni zed %?gﬁ)r%\p@}d%nca f%&ﬁ#&g g ﬁgp«gtcdt)r'um Further, fragnents having
a nol ecul ar wei ght of 310 and 26S were observed by mass spectrum (3)

Synt hesi s of epoxy conpound The sanme procedure as in Reference Exanple 1 (

3 ) Was conduct 7 - i i o
above-descri bede?heg&?ﬁpv\r/gs&fggéeWXS%%“&@“S?@EQ%?OK?%&MgﬁF\d@g?qg 9?;//‘1 eld 94%
(()1(‘j an dezi ngdwpifg?tjmtl ;(refefﬂti¥ ébrd GOmQ&‘Dmd 2@jght Pasedpon 'tHeytofma.z)mnﬁd by GPC
etecte ifferential r active index nmeasuring apparatus) was 93. 6%

and the corf{féﬁ? eﬁﬁxyt%@&%nﬁgéaén%étw@%w&vpewp@nd cont ai ni ng 26XY and
3M6B 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 recogni zed that absorption due to a phenolic hydroxyl

di ' .

i sted. - eampl o5t P HHEERL LAt 18R bty WnRing TR HWShiding

bt ai ned i : Rl P " i dyl
cthor s of G EboyERSPe 0P oratret habr Al o et osi s B Thoc of
2.7 [ i s of t . p ’ ~. 1 Jul
2002 3" TodeE T oty B8 A Tt A (PR g Bl or Y ot g Y
Sum t ono £8!rE0in EblposiRanh A NEdELheYRLR S Bo ittt Akl 200 of ed
respectively) , pﬁeno? , ngvolak (trade nane: Tanaﬁo 758, manufactured by

Ar akawa  Kagaith 109 dgi ey e AL SMEE 88, AYENE s GH *HEY kRReRARle HESIHL (trade
nanme: M | ex, manuf act'ured by" M tsui Toatsu emcals, Inc.),

triphenyl phoshdi o Bded 44 id¥e28C8080aMRS, husedotdd G d gnafe Vfed he
silica is shown below) as a filler, carnauba wax as a nol d-rel easi ng agent,
and coupl i b AGESk i(d FRAMSBHR t Bl HQAEd mBpeEag yr eﬂy%x@%m? iy Toray
Silicone Co., Ltd.) were conpounded in anounts (g) shown in Table 1, and
the m xt ur g &iegded dPoRpatdmigoldiida K phtith ke palliyeRidt tandy ansfer
nmol ding. As the filler, a material obtained by conpoundi ng 20% by wei ght of
crushed si |é§@<f5§&ﬂpéﬁﬁﬂui3?t,uh§.@hbyfim KagekuaKeaua ds Knidenitr 80% by
wei ght of fused silica FS20 (manufactured ~by Denki Kagaku Kogyo K. K.) was

used. Furt hgrfeidel solees wHd igd 18 fasceUbhatt égok PoShse8UE1de idhN Oven
at 180C for 5 hours to obtain a cured nolded article. The physi cal

properties i ddyiSl @RGPl Tkle ! td£d 6 W TERSH] el cu el @ dresil ts are

shown in Table 1. Regarding fi ni shed property, the case in which mst and
stain Wereﬂ}Ufﬁ@ QQcéﬂfeHE'ﬂoW@in@?%%ﬁ?%%@? by Sptandddie case in which
o

m st and staln were not forned on a
When the content of the epoxy compound(A) is, for

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



2% 1 July 2002 was represented by O In the table, the term "nol ding
failure" indicates the case in which unfilled portion and void were forned
i n the package. , Tabl e 1 Exanpl eConparative exam | el2345612Content of a

OX 2 or 3 1b wi ht wt755075507550100100Filler content 8 gkxﬁl P%@P-z
wt t BOB082. 582. 585858085Epoxy 1 Epoxy 2 ?ooxy 3 Phenol novol B 6040
Car nauba wax Fused silica Crushed si Iié Holdin ro ert25 ?5 - 53.51 1.5 2.0

1.5

of the epoxy compound(A) and the epoxy compound(B), flowing
property of the whole composition is improved and a molded
article having high Barcole harness can be obtained. The
content of the epoxy compound(A) is preferably from 20 to
60% by weight, and more preferably from 30 to 60% by weight
which are epoxy resin components. When the content is lower
than 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



491. 23 122.81 b0 50 - 52.66 1.5 2 1.5 488.51 122.13 25 75 - 53.51 1.5 2
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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, 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



575.75 143.94 @25 ?5 - 53.51 1.5 2 1.5 695.91 173.98 D50 50 - 52.66 1.5 2
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cyclohexanone, acetophenone and the like; vinyl
polymerization type polyhydric phenols such as
polyvinylphenol, polyisopropenylphenol and the like;
reaction products of phenols with diols such as a compound

represented by the following formula

HO-HZC@—CHZ'OH

and the like or dialkoxys such as a compound represented

by the following formula

RO-H20—©—CH2~OH
N

in the formula, R represents an acyclic or cyclic alkyl
group having 1 to 6 carbon atoms, or substituted or
unsubstituted phenyl group, and the like, or dihalogens

such as a compound represented by the following formula

x—H20—©—CH2-x

in the formula, X represents a halogen atom selected from
fluorine, chlorine, bromine and iodine, and the like; and
Friedel Crafts type reaction products of phenols with

diolefins such as dicyclopentadiene, diisopropenylbenzene
and the like, and phenol novolak is particularly preferred
in view of workability 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
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tioni 0. 220.22bY5BRCEHBN2BOSRAH] ﬁ?@@o‘lﬂ‘;d%bm%@o@@%@SHF'EEPSéFXCEanV\at er
absor tion80.270.260.290.230.210.200.28(24 hr)Crack~ t30~ 10000080 ' marK:
MO di ng | al}3RE ofcarefgrabPlydesdfdem A pRYee n@rslrPaedreferaldyvoi d and
the |like occurred, ang measurenent was inpossible NCDL C~-GNOON 30
1 July 2002-85&npraR ¥ P81FB-and Conparative Exanples 3 to 5 The same

eval uations as in Table 1 re conducted,. except that tetramethyl bi phenyl
type epoxy (epoxy? REATEIEAL: us63 By‘ﬁq,epf?ﬁﬂ’t Cﬂ*@@b’é\qa)/pé)t al@g%'h%. 1 poi se)
was used as the_epoxy 4,.a glycidyl, etherified conpouynd.o o] enol whi ch
e o act RS EORMERLORAL GrBoHE RS 4R (4P LAt Po RtRad Wieh Sokabler

equi valent: 264 g/eq,, melt viscosity at 150C. 0.6 poise) was used as the
epoxy 5, a3fktiite btEPared b ecﬁ%éﬁnﬂf’ﬂ&%,‘-‘nﬁg 4 iﬁ%ﬁ?&d”s‘?‘ﬁ ]

2™ Adonr | Me L 2R B el ox maln PERR LAY 256 PLrPRPECEro0s by el
manuf act ur b%" Adomat eck %%é‘ﬁ , 3 Si k}St ar_MK- 06 spher i calasi I%caé ver age
particle si esiq F@g\pﬂn ,dic ctUf daﬁyaﬁlﬁ%%%y@%%%l 9Ty, co. |,

Ltd., and celiga SE-40: spherical silica (average particle size 40 . 4
,u.m mnui&‘&% %/e 'T(?Jy‘é?ﬁ' Soda Corp. , in a formulation of 1:" 10% by

LA 20 RPNy curng BERY ) SetRtalis Bl S AT v
A e S R e S o e
kgg 4r9)e_5i n %%g?g@b%iloﬂo%i&%r §fla' thé Gk & X AR e (LA U d agln® H69911,
such as dicyanediamide, diaminodiphenylmethane,
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



Exanpl eConpar ati ve exanpl e78910345Fi |l er content (8 by
wei ght) (w 8) 90909090908888Epoxy 1 Epoxy 3 Epoxy 4 Epoxy 5 Phenol novol ak
TPP SH- 6090 Carnauba wax M xed silica30 70 - - 52.32 1.5 9.4 3.3 137D. 840

60 - - 52.09 1.5 4.4 3.3 1368.850 50 -
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cyclohexanone, acetophenone and the like; vinyl
polymerization type polyhydric phenols such as
polyvinylphenol, polyisopropenylphenol and the like;
reaction products of phenols with diols such as a compound

represented by the following formula

HO‘Hzc'@_CHon

and the like or dialkoxys such as a compound represented

by the following formula

RO-HZC——@—CHg-OR
&

in the formula, R represents an acyclic or cyclic alkyl
group having 1 to 6 carbon atoms, or substituted or
unsubstituted phenyl group, and the like, or dihalogens

such as a compound represented by the following formula

X—HZC—©CH2—X

in the formula, X represents a halogen atom selected from
fluorine, chlorine, bromine and iodine, and the like; and
Friedel Crafts type reaction products of phenols with

diolefins such as dicyclopentadiene, diisopropenylbenzene
and the like, and phenol novolak is particularly preferred
in view of workability 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
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from 0.7 to 1.2 equivalent based on the epoxy resin. When
the amount is less than 0.7 equivalent, or more than 1.2
equivalent, curing is incomplete in either case.

When the epoxy resin composition of the present
invention is cured, known curing accelerators can be used.

Examples of these accelerators include, but not
limited to, organic 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 ammonium salts such as benzyltrimethylammonium .
chloride, benzyltrimethylammonium hydroxide,
triethylammoniumtetraphenyl borate and the like;
imidazoles, and the like. Among them, organic phosphine
compounds, 1l,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, talec, clay,

glass, fiber and the like, and in particular, silica and
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crack% 00000~ 0@FnGyigwcof| mpisturespegigtapceoand Mkding PRERYF Y, and
Conpar ative Exanples 6 The sane evaluations as in Table |, 2 were

conduct ed, &heepempennding safiimbthtsinergarieE Ry EHFEIM AB of 80C
X humidity 60%in the nojsture absorption test. The vol une resistance was
nmeasur ed ac&er §idrig bvo WwRighs dasedpprt the hpsaLpameNntn ofth&hfoHafin

resi stance test was conducted using a pressure cooker tester at 121C and 2
atom |n thecgpogditiaist preferphey Feomt €0 BA 858 kY ¥edghte merepin QFP
package) and then encapsul ated, and eval uation was effected regardi ng
sanpl es havPr§Lerskdadeomhi’Ok %0s 953t by wedgbtay #Rdaf@re PrAfersdd Yoackages
wer e used, noisture absaorption was conducted under conditions of 85C
and~huni di t $remE0oto1 A2 & seight ¢t he package was i nmediately i mersed in
a solder bath at 240C for 30 seconds, and whether package crack occurred. or
not was i nvesti gafledhy C2SH Prfaékﬁﬁfkgi%ﬁ?@%?%t?ﬂﬁdﬁgpéﬁai:a& The outer
crack represents the cg in which crack occurred in inper portion reaches
to outer sutPREGAPLC: K& a@&ezﬂﬂFWrm?YnﬂéYaEF%§?°P§ ¥YebBnts the case in

whi ch no crack is recqgni zed on the, package %%prser ation from outside but
3 beeaad

crack occur FBRSEAREAAL SBREFRSPRtaRAIRg fiff $I5EE 2RFHFRRE having an

B s A
S 50 s B L B B T
si1i.cab9l . 8197, 3B60 5935, 95, 1.tAl. L.l LISAR630SPT 661 eoba" HBeRsa7§4858888T

DA tan 8 ag a Sl oa
e 13 oS S AR P 05080 A 08 pgo, e
620'17280'|§§6a 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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~Cr acki ng, absorution. 2. 7 mm t hi ckl nner crackl10000Quter crack! 0000 1 July
2002 Ref erence ERSnpRe sphprdcadorgwdesniiseddntheprasentkdavertdothange in
sof teni ng point of the resin when the mxing ratio was changed is shown in
Fig. 1. Ref engnpeveRinpie be wisedeparg asne mxannles, wWriah epsppsed
conponents) in Exanples 8 to 9 did not fusin-bonded, and could_be ground
and handl edoathirpe Grop@sat iNARERST erfonce FIAnP| @UPIRENEEsi Wikilxbere of
the epoxy 3 and the epoxy 4 ( only epoxy conponents ) in Conparative

Exanpl e 3 dilgspsibedi.-nt Bhe Yef ¥npnd ghgpaponendémhasipaimtaNeragdd was a
sem solid material in honey-like state. In the epoxy resin in Conparative
Exanpl e 4, pastiederszidromelch t He5S At moamavenagetardiclaisisesur ement
and m xing were difficult. Exanple 15 and Conparative Exanple 7 The resin
conposi ti onfBPmERahP| 594 M ard| an 2avexage cparbvédleat stae faam ¢4l bes of
spiral flow were neasured with changing tinme (Exanple 15). As Conparative
Exanpl e 7, TRasiumereApedhsvediiduendd medienprefenatsinh abnpoeragen of
Conparative Exanple 3 in Table 2. The change is shown in Fig. 2, regarding
spiral flowaktielaisias fyom el 4o &plr # MorADRVETRILPREtdSHF0SLERON as
100. Exanples 16 to 17 and Conparative Exanple 8 Measurenents were

conduct ed i frePRe? skl drafierand am average RRYEHIODe Shpeefromt $03toan

aral kyl phenol resin (trade name: Ml ex, manufactured by Mtsui Toatsu

Cheni cal s, ThcH)maketRRCEHYRRY- adBiRn R rPRVERYI PABPHI AB &YeT3Fecuri ng

accel erator as the curing %Ciel erator, fused silica (cgrade of the silicais

shown bel oB2EEIEHE F1FPePt LSPRatiBa™WAx ladt PhdSmbisedrelBRi%Ry agent, and
S Tcons CofLocshi GELRRATE ene aitider FHGH i S I ST T See 1, and
ol ding. Fa TS ERS Sy e SE TR PanEEs i Bh ke ity WELFELEE: nd [PTNT S
ovenat 180%5?%1@ ;%&;Heea:%ﬁ.gg%éég B ed L FRlaed ﬁé&kgxhgang\?ezpiﬁ’éi-cal

properties arficle was  neasure
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 of 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



results are shown in Table 4. ' 36 1 July 2002 Table 4

.Exanpl eConpar ati veexam | e16178Epoxy 18570l OOEpoxy

21530- Ar al kyl phenol 81. 782. 180. 8TPP3. 533. 5SH- 60404. 44. 44. 4Carbauba

‘wax3. 33. 33. 3M xed silical355.81335.51325.6S iral flow inch2 E?K%f
-hardness82 ~86 176 Exanple 18 and Conpagative Exanple 9 Ml é G-

nmere obtained fromthe resin conpositions shown in Table 5. Ther mal
deconposition tenperatures of the nolded articles was neasured using TG DTA
(SSC/ 5200 manufactured by Seiko Instrunents Co., Ltd.). The results are
shown in Table 5. Table 5 mpl e 18Conparat|ve Exanmpl e 9Filler (% by wei
ht ) 8888EpoxgLasbr epbed §96 Eﬁesﬁyrsumm&saﬁctwe particle sizes by

novol ak51. 9840. 15TPP1. 51. 5SH- 60403. 73. 39car nauba wax2. 82. 55m xed
silicalll4. %&@\2?“98%%?ﬁ’ﬁ’f-anc&Rb%s#‘t’?’éﬁgﬁeﬁﬁit&f%ﬁes6?e3ﬁcdef#nwd1 July
2002 The epoxy resin conposition of the present invention maintains
excel l ent ¥ d? n@0 pk opLrPGLaRdOEaRUpIAtdY & RREKEGES vl i RbTLPYEARRat i ng a
defect even if the amount, of the filler is increased. The epoxy resin
conposi t i orfeASYFRA RBIEHNT MeAPPEF A 1S3 hdiSs BuL@SBESSFAEEBARLIRGd ot her
properties in mell-balanced Eartlcularly as a material for encapsul ating
el ectroni c RRAFEECIEFiFerdiatF ERPRIORCAISARHRICE IR TRt 3Rddelece
obt ai ned by u5|ng this resin conposition is excellent in solder crack

resi stance.likg. i 38

Regarding the compounding ratio of the spherical
powders x, y and z, 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
voiume, from 0.1 to 36% by volume and from57 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 z
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 filling into a measuring vessel,

and when aggregates of heterogeneous particles are mixed,



What is clained is: 1. An epoxy resin conposition conprising: 1 July 2002
(A) an epoxy conpound represented by the general formula (1): R RB RO, R
Rs O~ C=CH Cl) Ra R4 Ra Rs wherein, Rl to R, represent each independently
a hydrogen atom an acyclic or cyclic alkyl group having 1 to 6 carbon
atons, a substituted or unsubstituted ghkenyl group or a halégéﬂyégﬁ%@ (B) a
pol yfuncti onal epoxy conpound having a functional group nunber of two or
nore selected froma glycidyl ether conpound of phenol novol aks or a

gl yci dyl ether conpound of trisphenol net hane novol aks, and 5 (C) an epoxy
curing agent containin% aphenol i ¢ hydroxyl group, wherin, the proportion of
the epoxy c&hpoarRagant yoluges2baiemmdnd akreht thesB4XdAIt BESt ot al

wei ght of the epoxy conpounds (A) and (B). 2. The epoxy resin conposition
accordi ng t8iéfarant. wAhereforehdm theahpie<daseaniPedAessrdtidrer (D) in
an anmount of from 2~ to 95% by wei ght based on the wei ght of the whole

resi n conpodPPABANt vgdume jis \ngtposer imeadsddatian e dnpysveione
according to claim?, wherein the inorganic tiller (;%%is i n an anount of
from 50 to 9fugaghwergREnBase@fofheh®ardiighie AIIFRIFF®I e resin
conposition. 5 4. The epoxy resin conposition according to claiml, or 2,
wherein the epox@h@mmﬂﬂ%émwct%t(m gonpongiiensisied RPJEBRYPIEsEeUD (C) is
an aral kyl phenol resin. 5. A resin-encapsul ated sem conduct or device

obt ai ned byirweaptohabaagaa avesegecpadidicde oigmemf ubity Thetapoxy resin
conposition of claim1l or 2.

. A. AN, AYN. Areferalpby . I\ 66 G 2u/mANRRge il ime the Aompounding Arapio A

.A?.A?. Ae. AL A?. AL3A. 9F; . AA. 1 . A3 . Ab . )
of the crushed powder (m component), the ratio by weight

of the m 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 presenﬁ
invention is previouslymixed 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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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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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 undez;.
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-xylenocl (hereinafter, abbreviated as 26 XY),
193.8 g (1.0 mol) of 40.5% agueous 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 system was 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% aqueous 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 to“
60°C, 37.5 g of concentrated hydrochloric acid was added
for neutralization, and methanol was distilled off. 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 reactedwithmaintaining the temperature at 62°C,
cooling and liquefying epichlorohydrin and water
azeotropically, and returning the organic layer back into
the system.

After completiog 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
cm’ and 915 em? due to epoxy existed.

Reference Example 2
(1) Synthesis of 1,1-bis(hydroxyphenyl)-2-chlorocethane
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 egquivalent 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



110Y 10% ()-Y f10% ()-SS10%& ()- Y
10% () - 10% ()-10% ()-wpgEqq7rrrrrdYNC 11 10 10 10 3*10% ()-

3¢ 100& ()-3*10%& ()-Y | 10%& ()- SY' ! 10%& ()-Srrssitt x!x}[<1C

10G 10%6% ()-3!j @10% & ()-! @ LOUA G(& ()-! @ L0%S6' ()- @ 10%3 & () -
S10%G&' () -1 x" x#xdxwyyy] {j KC 27 1 July 2002
10Q 1109%&' () - L! 109%0808&' () - 10%c& () - 10968 () - &10%& ()-g 10G

10§ {}}}}} 0-0~-b@ 10G 10%=& () - 10%C& ()- 10%C& () - &10%E' ()-z 10Gk 10Ck
10GKF ~ 10%X& ()-~2~ = 10G s10%UGCE () - &10%C&' ()-3 10G 10G

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, aralkylphencl 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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10%r4Y& () - Mi&ire prepared by compounding 1, FS-20: crushed silica

(average particle size 5.6 4 m) manufactured by Denki
Kagaku Kogyo K.K., 2, Adomafine SO-C2: spherical silica
(average particle size 0.4 u x.n) manufactured by Adomateck
Corp., 3, Silstar MK-06: spherical silica (average particle’
size 4.9 4 m) manufactured by Nippon Chemical Industry, Co.,
Ltd., and 4, Excelica SE-40: spherical silica (average
particle size 40.4 4 m) manufactured by Tokuyama Soda Corp.,
in a formulation of 1: 10% by weight, 2: 10.8% by weight,
3: 18% by weight and 4: 61.2% by weight was used as the mixed
silica (fillers in Table 2, represented as mixed filler).
The drawing adhesion at 240°C was represented by force used
for drawing out 42 alloy (iron-nickel alloy) at 240°C after
the alloy was buried using the resin composition prepared

in each example (according to JIS K§9911, K6849).
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In the solder test, a tip was mounted on a simulated
IC (52 pin QFP package) and then encapsulated, and
evaluation was effected regarding samples having a package
thickness of 1.5 mm, 2 mm and 2.7 mm. Ten packages were
used, moisture absorption was conducted under conditions
of 85°C and‘hu.midity 60% for 168 hours, and the package was
immediately immersed in a solder bath at 240°C for 30
seconds, and whether package crack occurred or not was
investigated by a ultrasonic insure detecting apparatus.
The outer crack represents the case in which crack occurreci
in inner portion reaches to outer surface of the package,'
and the inner crack represents the case in which no crack
is recognized on the package by observation from outside

but crack occurred in inner portion.
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' Spiral flow 7 71 53 56
Barcala hardness 47 87 as 83 88
Tg | pMA(tan 0 ) °C 163 163 164 162 166
Drawing adhesion under Kg/om 1.1 1.35 - 1.02 0.5
heat
Tg 24hr./Disk 3 0.0938 0.0834 0.0825 0.075 0.0803
water 48hr./Disk % 0.1272 0.1171 0.1141 0.1038 0.1196
absorption 168hr./Disk ] 0.1984 0.1862 0.1728 0.1666 -~ .
Volume In drying at Q 2.38+17 | 1.62+17 { 2.2E+17 | 1.6E+17 2.3E+17
resistance | raom
temperaturae
120C g 9.18+16 |8.6E+16 | 1.1E+17 | 9.3E+16 | 1.2E+16
150°C Q 7.08+16 | 6.92E+16 | 6.TE+16 6.;§+15 6.3E+16
100 hours Q 7.7E+1% | 1L.0E+16 - 8.6E+15 -
after
moisturse
absaorption
Bending at [ Strength Xg/mm’ 16.3 16.2 13.7 16.6 17.4
room Elastic Xg/mm? 1789 1946 1952 2009 1978
temperature | modulus
R.T. Deflection 0.0107 J0.00966 | 0.00812 | 0.00937 0.0102
Bending at | Strength Xg/mm’ 0.91 1.02 1.32 1.26 1.75
240'C © | Elastic Xg/mm? 99 125 147 152 167
modulus
Daflection 0.00912 | 0.00817 | 0.00902 | 0.00833 0.0106
Solder Water 0.21 0.20 0.18 0.18 0.22
Cracking, absorption
2.0 om thick | Inner crack % Q 0 0 0 40
Quter crack 3 0 0 o] [°] (1]
Solderz Water 3 0.2 0.20 g.18 0.22
Cracking, absornvtion
1.5 om thick | Innez crack % 20 0 - 0 -
Outar crack 3 [*] Q - 0 100
Solderx Water 3 0.21 0.20 - 0.17 0.22
Cracking, absorption
2.7 mm thick | Inner ecrack ) 0 0 - 0 0
Quter crack \] 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 ratioc 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 maint.a.in
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
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 amou.nt 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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hat 1is clalmed is:

1. An epoxy resin composition comprising:

(A) an epoxy compound represented by the general formula

(1):
R/1 R3 79 . R?;__\Hfh
o] = o
LA \ézé ¢ CH'@_/ VL
R2 H4» Ra Hs

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 glycidy! ether compound of phenol novolaks or a

glycidyl ether compound of trisphenolmethane novolaks, and

5 (C) anepoxy curing agent containing aphenolic hydroxyl 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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the whole resin composition.

5 4. The epoxy resin composition according to claim 1, or 2. wherein the

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.



