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in which a filler can be filled in high concentration is
Gpiekdt by ededihiventidn encapsul ating material in which

gl ycidyl ether of o-cresol novolak is used as a
The present invention relates to an epoxy resin
composition which is useful for encapsulating electric and
electronic materials, particularly electric parts such as
an adhesive, paint, insulation material and laminate.
Description of the Related Art
| Recently, for encapsulating semiconductors such as
LS, IC, transistor and the.like, transfer mold of.an
economically useful epoxy resin composition is conducted.
Particularly, surface amounting of LSI is recentiy
cohducted, and direct immersion into a solder bath is
increasing. Since an encapsulating material is exposed to-
high temperature 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.
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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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pol yfuncti onal epoxy resin and phenol novolak is used as a curing agent is
mai nl y used, however, when the encapsulating material absorbs noisture in
storage, the above-described problens occur. Therefore, for avoiding
these problens, the encapsulating material is wapped for preyentdew

noi sture absorption in practical use. O2 the other hand, a biphenyl type
epoxy resin in current use has a | ower viscosity and can contain a filler
i n higher concentration than a pol yfuncti onal epoxy resin, since the

bi phenyl epoxy resin is a bifunctional epoxy resin and has a | ow nol ecul ar
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On the other hand, a biphenyl type epoxy resin in
current use has a lower viscosity'and can contain a filler
in higher concentration than a polyfunctional epoxy resin,
since the bipher;yl epoxy resin is a bifunctional epoxy resin
and has a low Imolecular 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 époxy 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

ofthetﬁphenyltypeepoxyresinandthecresolnovolaktype



the m xed resin tends to adhere each other, therefore, there is a problem
i n-handling a | arge anobunt of the resin. On the other hand, a

di cycl opent adi ene type epoxy resin which has curing ability between that
of the biphenyl type epoxy resin and that of the cresol novolalk 2002 epoxy
resin is comercially available. There Bs a problemthat the

di cycl opent adi ene type epoxy resin has a low nelting point and tends to
adhere each other, therefore, the resin should be cool ed and preserved,
consequentty, there is also a problemin handling a large amount of the

resin as abep@xlyl Pe 39fliBd e d l%%nﬁ's‘b\iclcpg%%tt%d'(ﬁeﬁeﬁzlﬁ‘i QéXtE‘?SAr[h
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type epoxy resin and that of the cresol novolak type epoxy
resin is commercially available. There is a problem that
the dicyclopenﬁadiene typé epoxy resin has a low melting
point and tends to adhere each other, therefore, the r,e;e,in
should be coo;ed and preserved, consequently, there is-also
a problem in handling a large amount of the resin as above.
In addition, the dicyclopentadiene type epoxy resin
contains a small number of epoxy groups per unit weight of
resin, therefore curing and molding property thereof are.
sometimes insufficient, and further, heat resistance of the
cured and molded article are also sometimes insufficient,:
since the resin has an alicyclic structure derived from
non-reactive dicyclopentadiene.
The biphenyl type bifunctional epoxy resin has a
problem that curing and molding property is poor since the
number of epoxy functional group is small per one molecule,

unlike the cresol novolak type polyfunctional epoxy resin.

Specifically, Barcole hardness of the biphenyl type resin



resin conposition which is an excellent material as an epoxy sem conductor
encapsul ating material, obtained by using an epoxy resin which has
excel l ent nol ding property and excellent handling property even at room
tenperature, and a resin encapsul atedq seni conductor device usiyngoohe
resin conposition. That is, the present invention is an epoxy resin
conposition conprising: (A an epoxy conpound represented by the general
formula (1): R - RBRRO R/ R O() OCCHQ 7~ 0\/qg R2 RA R8 R6 wherein,
Rl to R represent each independently a hydrogen atom an acyclic or

cyclic al kyl _gr.o haui ng 1 t.o 6 carbon atonms, a substituted or

unsubst it ut ed 6ﬁ§%&ﬁ éﬁﬁhf%ﬂlﬁimqégb@%naatSﬁﬂﬂﬁ5841ﬁkﬁ?fﬁh€tional epoxy
conmpound having g functi anal qé9u number of two or nore sel ected froma
gl yci dyl et hBPLESHBGGHE SRTER0 1L §Tovd1 akBeERERIQ Y@ datReBeforonpound of
tri sphenol met hane novolaks, ~and 5 1 July 2002 (C) an epoxy curing agent
cont ai ni ng &SPRERGERE BEACORE Nagdsgss Whes cbaenhdesdagisst£i on of the epoxy

conmpound (A) _is from 20 to 99% by wei ght based on the total weight of the
epoxy SUMMARY OF THE INVENTION

An object of the present invention is to provide a
resin compositionwhich is an excellent material as an epoxy
semiconductorencapsulatingnmterial,obtainedkurusingan
epoxy resin which has excellent molding property and
excellent handling property even at room temperature, and
a resin encapsulated semiconductor device using the resin
composition.

That is,_the present invention is an epoxy resin
composition comprising:

(A) an epoxy.compound represented by the general formula

R1_ R3 R R,  Rs |
()\7\/°‘<3_:_g>_ é=CH'<;Z§>’O\/<O\ (1)
| RZ R4 Ra. RG

wherein, R, to R, represent each independently a hydrogen

(1):

atom, an acyclic or cyclic alkyl group having 1 to 6 carbon
atoms, a substituted or uﬁs@bstituted-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



conpounds (A) and (B). Further, the present invention relates to a resin
encapsul ated sem conductor device obtained by encapsulating a

seni conduct or el enent using the above epoxy resin conposition. BRI EF
DESCRI PTI ON OF THE DRAW NG Figure 1 is @ graph show ng the rebaty 2002
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
Exanpl e 9 and Conparative Exanple 7. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Specific exanples of the respective substituents RL to R of the epoxy
resin represqed e ddy { ol é used in the present invention
i ncl ude net hf}l )Sroupe,ﬁé% hyi“ g%u%§é¥0%9P£ %‘8&[5‘,9 BUPQFné’rldi‘fp?‘YéiﬁﬂXYd-r oup,
hexyl group ohexyl group, phenyl group, tolyl group, xylyl group

(1 ncl uding rgépe ti ve isomers), chlorine atom bromi ne atomand the |ike.
can be obtai ned by

The epoxy regin represented by the geperal formula (1) i
gl yci dyl - et hg’hgf“fﬁ%gecs T ISR gopagb%r%Pﬂﬁth 8oBrebAdedfi)odsl fremhod. 1
Jul'y 2002 g von Rolf H Sieber, Liebigs Ann. Chem 730, 31

i ure
to 46 (1969 )%?s%%?@g ‘ée%?BHuké?Fﬁﬂ ARtRB8 bPtal weipbsnefbtbedeposphenol
compound which is a raw materjal_of the epoxy resin, and physical
properties of “TBRBBARIS A)s &K 48 4, 4' - di hydr oxysti | bene,

4, 4' - di hydr oxy- 3, 3' .
Further, the present invention relates to a resin-.

encapsulated semiconductor device obtained by
encapsulatinga semiconductor element using the above epoxy
resin composition.
BRIEF DESCR;PTION OF THE DRAWING
' Figu;e 1l is a graph showing the relation between the
softening point and the mixing ratio of the epoxy resins.
Figure 2 is a graph showing storage stability of the
resin composition of Example 9 and Comparative Examplé 7.
DETAILED DESCRIPTION OF THE INVENTION
Specific 'examples of. the respective substituents R;
to R, of the epoxy resin represented by the géneral formula
(1) used in the present invention include methyl group,l
ethyl group, propyl group, butyl group, amyl group, hexyl
group, cyclohexyl group, phenyl group, tolyl group, xylyl
group (including respective isomers), chlorine atom ’
bromine atom and the like. | |
The epoxy resin represented by the general formula (I)
can be obtaingd by glycidyl-etherifying stilbenephenols

according to a conventional method.



di et hyl stil bene, 4,4'-di hydroxy-3,3",5,5 - tetranethylstil bene and the

i ke. Another literature (METHODEN DER ORGANI SCHEN CHEM E ( HOUBEN- VEEYL)
BAND IV/Ic Phenol Teil 2 P1034) describes a production nmethod of 4,4

' -di hydroxy- a -nethylstilbene, etc. using phenol and chl orpgggt opeoas a
starting material. Specific exanples of & he stil bene- based phenol s used as
a raw material of the epoxy resin represented by the general fornmula (1)

i ncl ude 4, 4'-di hydroxy-3-' nethylstil bene, 4,4'-dihydroxy-3-ethylstilbene,
4, 4" - di hydroxy- 3-propyl stil bene, 4,4'-di hydroxy-3- anylstil bene,

4, 4' - di hydr oxy- 3-eatedtdd hanqvdh o1 ANy g ap%r2, B1dbaRthxhat i bhene,
4, 4" -di hydr oxy- 2, 6- dinethylsﬁﬁibeng, 4,4'35?E$5F0§§95?§E- #ﬁetgggﬂfilbene,

4, 4" -di hydr 0,331 +% W4d a9 5 id RNy séls 4a “producti
dihydroxy-3,3',5-trinethylsti|8§nef'4,4f§%ﬁruuﬁﬁﬁy9° ton method of a
3,3',5,5 -t elciaBRidudddd DeNnSpitbib T I RY which i ial’

2',3,5 6" -tetranmethyl stil bene,p 3-t-butyl-4,4 ¥ d‘lcr?y&rsoiyl-‘%w-mr?ett%g/ &til bene,

3-t-butyl -4of tHienkdoa¥yre3iR,” AnEHRYsIidAI0 .
3L butyl - 4%h SR reRdR, ST ) B epenties .95, sompounds

3-t-butyl - dgdchdialy dr, @a-a3 1 =51 115 | stilb .
3-t-buty|-4,4'-dihydroxy-5-3ﬁ?§#¥g$- ne%ﬁgrs§bee§g$ydroxy 3.3

3-t-butyl - 4q4medhhy AR beedM -3 = ibbgnes o, _
3-t-buty|-4,4m?di ydroxyf%-he£§1§%?q£§x§%%$%t#fgehgfs
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3-t-butyl - 2¢METHODEST 92¥ CRGANISCHEN CHEMIE (HOUBEN-WEYL) BAND IV/lc
Phenol Teil 2 P1034) describes a production method of
4,4'-dihydroxy—ﬁz-methylstilbene, etc. using phenol and
chloroacetone_aé a starting material.

Specific éxamples of the stilbene-based phenols used
as a raw material of the epoxy resin represented by the
general formula (1) include 4,4’'-dihydroxy-3-"
methylstilbene, 4,4’-dihydroxy-3-ethylstilbene, 4,4’-
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-



trimethylstil bene, 3-t-butyl-4,4"-dihydroxy-3",5",6- trimethylstilbene,
3-t-butyl-4,4"-di hydroxy-3', 5- dinethyl-5'-propy|stiIbene,
3-t-butyl -4, 4" -di hydroxy- 3", 6-di net hyl -5' - propyl stil bene,

4, 4' - di hydroxy-3, 3' - dinethyl stil bene, % 3'-diethyl-4,4"- d|MygURxg@bQIbene
4, 4" - di hydroxy- 3, 3' -di propyl stil bene, . 3/3" -di anyl - 4, 4 - di hydr oXysti | bene,
3, 3" -di hexyl -4, 4" -di hydr oxysti | bene,

3, 3" -di cycl ohexyl -4, 4' -di hydroxysti |l bene, 2,2'-

di hydroxy-3,3",5,5" -tetranethyl stil bene, 4,4'-

di hydr oxy- 3d8me&h§'l ska Lot MY SLIPRSPE. 4 £ 444 8in ‘- -

di hydr oxy- 3, 3' - dl?t butylstllbene 4,4" - dlhydrox§droxy -37-methyl-5

di -t-butyl -5répydseetbrnst,i 30ene,td:14-4 04 hy - 3=

di -t-butyl - Rrgpviem hyl st'i | bene, t?z i hyg%%%rgxg's butyl-3

di -t-butyl rﬁe@h dsael Bghst i Bheng, §l4-4'd4h¥c§jﬂ’?§¥r§x§' S5-amyl-3’-
di-t-butyl-6,6"- dlnethylstllbene 4 dlhydroxy-

3,3, 5, 5"tﬁéfﬁylsbylwéﬁél|be@ebﬁ%%1theddiﬁaﬁ &¥é£9'§%§e§29”§“5 havi ng

dlfferent substitution position) poxy conpounds of th Istllbene
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2, 4" - di hydr@synet iy rsit1bene, 3-t-butyl-4,4‘-dihydroxy-3’,5-
| dimethyl-5'-propylstilbene, 3-t-butyl-4,4’-dihydroxy-

3’,6~dimethyl~5’-propylstilbene, 4,4'5dihydroxy-3,3{;
dimethylstilbene, 3,3’-diethyl-4,4’-dihydroxystilbene,
4,4’-dihydroxy—3,3'-dipropylstilbene,_3,3'-diamyl-4,4'—
dihydroxystilbene, 3,3’~dihexyl-4,4’'~dihydroxystilbene,
3,3’-dicyclohexyl-4,4’-dihydroxystilbene, 2,2'-
dihydroxy-3,3',5,5’—tetramethylstilbené, 4,4~
dihydroxy-3,3’,5,5'-tetramethylstilbene, 4,4’-
dihydroxy-3,3’~-di-t-butylstilbene, 4,4’—dihydroxy-3,3';
di-;-buﬁyl-s ,5'-dimethylstilbene, 4,4’-dihydroxy-3,3‘-
di-t-butyl-6,6’'-dimethylstilbene, 2,2’-dihydroxy-3,3’-
di-t-butyl-6,6’'~dimethylstilbene, 2,4'-dihydroxy-3,3’'-
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 a-methylstilbene obtained by substituting a



t-butyl-6,6"-di nethylstil bene, 3-t-butyl-4,4"-

di hydroxy-3',5,5" -trinethylstilber.e, 3-t-butyl-2,4"-

di hydroxy-3',5",6-trinethylstilbene and 3-t-butyl-4,4'-

di hydroxy-3',5",6-trinmethylstil bene arg particularly pref erpQL& ﬁﬁ@@ t he
vi ewpoi nts of easiness of synthesis, performances, and price of the raw
material . TheS@Epoky -OsP NS Q@ EbODt aankdnhys £ eBetHIWE BisSphe 58S 1Mt an
epi hal ohydrin in the presence of an al kaline such as sodi um hydroxi de and
the |ike. Partdampeudds wllte‘inaamnetl'epp@/:d@sia&ehg\lisllgetﬂtieg‘tg,]mgiéd/. | S mar
obtained, a reaction in the presence of an aprotic solvent is suifabl® as

described inthaganesendaliely, Appdicathoar-baid40pen £ J&> A) No. 60- 31,517,
In the epoxy resin conposition of the present ~i‘nvehtion, as

pol yfuncti ori abrepeawy saroukb{H) payving; g ot g roup nunmber of two
or nore selected from a{qgl yci dyl )et her c%)' %G%%S{)ff’p e’n%‘lg)nbvol aks or a

glyci dyl ethegeocorRaYRAG1Q: ; 1t SPhenof r net. noval aks._ there can be used
) R R T R

9 1 July 2002 known conpounds, dnd ‘exanples e e novol ak- based

epoxy resins hj. reaction products of folmal dehyde with phenols such
as phenol , o-t%\?'egsr“g?géﬁé t%ﬁemﬁﬁé,?saﬁggfé‘el Fuy 2Bebya5Pyei-dyi3 ‘etdier

conmpounds of ¢ rtcephegnol s, cont ai.ni n a, trisnethane group obtained by
condensati on tfg%%wgns ();S gﬁgﬁbpg(i\ﬁttllﬁo t4 ¢t caf BBHGE opounhdsd i These

bR RO SRR R R S TR

t-butyl-6,6‘-dimethylstilbene, 2,4’ -dihydroxy-3,3'-di-
t-butyl-s,é'-dimethylstilbene, 3-t-butyl-4,4'-
dihydroxy-3',S,S'ftrimetﬁylstilbene, 3—t—butyi-2,4’-
dihgdroxy-3,5’,6-trimethylstilbene and .3-t-bu£y1-4 47—
dihydroxy-B’,S',6—trimetﬁylstilbene are partieularly
preferable from the viewpoints of easiness of synthesis,
performances, and price.of the raw material.

Theseepoxyresinsareobtainedbyreactingbisphanolé
with an epihalohydrin in the presence of an alkaline such
as sodium hydroxide and the like. Particularly, when an
epoxy resin having high purity is obtained, a reaction in
the presence of an aprotic'solvent is suitable as described
in Japanese Patent Application Laid-Open (JP-A) No. €0-
31,517.

In the epoxy resin composition of the present
invention, as.polyfunctional epoxy compound (B) 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. there can be used



contain glycidyl ester-based conmpounds derived from aromatic carboxylic
aci ds such as p-oxybenzoic acid,. m oxybenzoic acid, terephthalic acid,

i sophthalic acid and the like, such as bisphenol A, bisphenol F,

t et ranmet hyl bi phenol , hydroqui none, resgrcin, 4,4'- 1 July 2002

t.hi odi (2, 6-di et hyl phenol ), di hydr oxynapht hal ene,

hi s(hydr oxyphenyl ) di cycl opent ane, bi s(hydroxyphenyl ) nment hane and the |ike;
hydant oi n- based epoxy conpounds derived from5, 5-dinethyl hydantoin acid
the like; alicyclic epoxy resins such as 2,2-bis(3,4-
epoxycycl ohexyl ) propane, 2, 2-bis(4-(2,3- epoxypropyl)cycl ohexyl ] propane,

vi nyl cycl ohexene di oxide, 3,4-epoxycyclohexyl nmethyl -3, 4-epoxycycl ohexane
car boxyl at 6 KA FUTPORES. B4 SFERE Yl el INCEi RO e pIRA SO et o

di gl yci dyl g o A i my. di hydri enol s such
as N, N-digl g@?gﬁaﬁ&l)‘ﬁﬁpﬁzrgﬂ%t% Eg t(}lll-r{ézd,e%%aérnyﬁgls%%oﬁsa ot eﬁsaf’%a’%ﬁ;i ¥phenol s
such as t efcrabl ambthedikghembl A and the like. Further, the resin
conposition of the present invention may al so contain 11 1 July 2002
cyanate resins such as 2, 2-bi s(4-cyanat ephenyl ) propane and the like. The
epoxy resin conponent of the present invention is obtained by m xing the
sti |l bene-based epoxy conpound (A) represented by the general fornmula (1)
wi th the pol yfunctional epoxy conmpound (B). The content of the epoxy
conmpound (A) is, for exanple, from20 to 99% by weight, and preferably
from30 to 90% by wei ght based on the total anount



of the epoxy conmpound (A) and the epoxy conmpound (B). If only the
pol yfuncti onal epoxy conpound (B) is used, nelt viscosity of the resinis
hi gh, therefore, when a filler is used in |arge anount, flow ng property

of the whole resin conposition in heatgnelting becones | ow, E&J@b@@
property deteriorates, gloss on the surface of the cured nn]de article

di sappears, and sonetines, unfilled portionis fornmed in the cured
material. By conbining the stilbene-based epoxy conpound (A) with the

pol yfunctional epoxy conmpound (B), high filling with a filler which is
difficult when the pol yfunctional epoxg i s used alone can be easily
acconpl i shedg1l¥RddyA QHAREI eATPASREF Rl Ak Giriaaphagodscetnbaininldi ng
property is obtained. \Wen the.content of the epoxy conpound(A) is, for
exanpl e, frotn PDlsBeEheNBY IRel§hebbasage bt kendstnd atahoontedciuby 8602 12
of the epoxy conmpound (A) and the epoxy compound (B) , f lowing property
of the whol h&%‘[@%ithi AndaSici ERbOMEdcANFomdSD! d@edse agdinelaee partiqutarhi gh

Barcol e harrness can be obtained. The content of the epoxy conpound(A) is
preferabl y fpreferadly trovie@0sfohieyt weisighte, casidavmpkilipr afksed®l y from 30 to 60% by
wei ght which are epoxy resin conponents. \Wen the content is |ower than
1% by wei ght, the softening point becones |ower to make the handling
property insufficient. The epoxy conmpound (A) has a low nelt viscosity and
can contain a | arjjes amesih obmpbsitebnwicthate deiesst aintenthibaving,
property of the whole resin conposition, but the
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 bisphenol A, bisphenol F,
tetramethylbiphenol, hydroquinone, resorcin, 4,4’-
thiodi(2,6-dimethylphenol), dihydroxynaphthalene,
bis(hydroxyphenyl)dicyclopentane,
bis(hydroxyphényl)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]propane,vinylcyclohexenedioxidé,
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



epoxy conpound (A) al one, sonetines cannot afford a nolded article having
hi gh Barcol e hardness. By conbi ning the polyfunctional epoxy conpound (B)
with the stil bene-based epoxy conpound (A), it becommes possible to
i'ncrease crosslinking density to makej{he Barclol e hardness; hji@ghoober the
above purpose, the content of the polyfunctional epoxy conpound (B) Is,
for exanple, from1l to not nore than 40% by wei ght based on the total
anount of the epoxy conpound(A) and the epoxy conpound(B), preferably from
1 to 30% by weight, and nore preferably from 10 to 30% by wei ght. Wen the

content is lower than 1% by weight, _the effect of inproving Barcole
hardness is FHEOFf iecirgﬁtl.ngﬁggépﬁiﬂcgﬁf&tﬁ{cf‘(%a’b%t?ﬁéem’ J@FOHameent i on

has 13 1 Juléﬁéoo ﬁ,nelt viscosity at 150C of preferably less than 1

poi se, and etgree éX&ly | ess than 0.5 poise. The polyfunctional epoxy
conpound (B) has.a nelt viscosjty at 150C of preferably less than 10

poi se, and nore pFeEEeIRMFY I§Ty QTP EE pbiek .t hah pesear kv dlnvese i drhé sepoxy
conpound (A) and_ the polyfunctional epoxy resin (B) nmay be mixed with a
filler and @Peained byrminénepbhy stApbens-Pawsd bepexpgveéompbyndmehyed and
m xed or may be nelted and m xed previously with the resin conponent (C
such as an gmrpyeserted bhyehheageneandwl | fkembéhonéd Jusd.tiAstidie epoxy curing
agent (C), known curing agents can be used. Exanples thereof include

pol yhydric peekofenstidnal 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 tﬁe polyfunct.ional epoxy compound (B) i's used,
melt viscosity .of the resin.is high, therefore, when a
filler is used in large émOunt, .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 thé
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 thé epoxy compound(A) is, for

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



as phenol novol ak and the |ike, am ne-based curing agents such as

di cyanedi aai de, di am nodi phenyl nmet hane, di am nodi phenyl sul fone and the

| i ke, acid anhydride curing agents such as pyronellitic anhydride,
trimellitic anhydride, benzophenonetetracarboxylic acid, and jRe ZbBF

and in view of noisture resistance, polyhydric phenols are prefera

Furt her, exanples of polyhydric phenols as the epoxy curing agent |nclude
pol ycondensat es of one or nore phenols such as phenol, various

al kyl phenol s, naphthol and the |ike with al dehydes such as formal dehyde,
acet al dehyde, acrolein, glyoxal, benzal dehyde, naphthal dehyde,

hydr oxybenz elfdelhg @it coRpolnkd AJr ak@ ttdveee poyyrcempaund ( B bl f poing

cycl ohexanone, acetophenone and the like; vinyl polynerization type

pol yhydri c prepersysaéhthe whpole wompqstidrictn isoippsoyedpang| phmarigledind t he
i ke; reaction products of phenols with diols such as a conpound

repr esent edabyiche hevimg hg ghoBawrica HeOh2O eGP c@a ded oblta ilndde. dhe

di al koxys such as a compound represented by the follow ng formula RO H2C
CH2- OR i n thententubd, tRereprxgemmpeundchy|is mrefgrably of fom 2Qraup
having 1 to 6 carbon atons, or substituted or unsubstituted phenyl group,
and the |ikéQsdry diem;ltigemd Bach mse fecabhbyuinbm Sy eschl edbyetilght

following formula X-H2C CH2-X in the formula, X represents a hal ogen at om
selectedfrwm1chareepoxyresxncomponentsﬁ 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 viséosity 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 éontent 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



fluorine, chlorine, bromne and iodine, and the |ike; and Friedel Crafts
type reaction products of phenols wth 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 piRPEHDY:-
These curing agents can be used alone B8 in conbination of two or nore.
Usual Iy, the amount of the curing agent is preferably 15 1 July 2002 from
0.7 to 1.2 equival ent based on the epoxy resin. Wien the anmount is |less.
than 0.7 equivalent, or nore than 1.2 equivalent, curing is inconplete in

ci ther case, ¥iep §hecSROKY LES| £HEOMORLLIAN OF f He i grenty fayention is

cured, known curing acce ors can used. anpl

accel eratorg Hnﬁh&%pFgggefggﬁééy%éggﬁﬁgn etgaEEESQQOf??%Z? conmpounds such

as tripﬂenypphosphl e, tri- enyl phosphine,

h . . ne. ! . .
T oIS K] BRSO o) B0 L HELO PO oy 0,
0 azabi byci SUB G O BRRGALY TEARahyr A BoARE -+ hASITIAS Peararanil y

anmoni um sa S a trimethyl anmonium .. chloride,
benzyltrine% %Fagggﬁién?ﬁﬂ'rdxide, tri et hyl ammoni unt et r aphenyl borate and

s, o7 L Rt G Bl eSS R oo

conpounds,
| gmg; v Of BB EUREEBRLT! 8P6RyPMs 1 61T B Ry W ke UL i WPREFYLRNOSPRI ne
~and the like, or the epoxy components may be previously
melted and mixed or may be melted and mixed previously with
lthe 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,benzophenonetétracarboxylicacid,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 aldehydes such as formaldehyde, acetaldehyde,

acrolein, glyoxal, benzaldehyde, naphthaldehyde,

hydroxybenzaldehyde and the like or ketones such as



preferred. Exanples of the inorganic filler (D) in the epoxy resin
conposition of the present invention include silica, alumna, titanium

whi te, al um num hydroxide, talc, clay, glass, fiber and the like, and in
particular, silica and 16 1 July 2002 aJum nma are preferred.JJheseopillers
having different form (spherical or cridshed type) or different size may
also be mxed to increase filling anount for use. In view of noisture

resi stance and nol di ng property, the conpounding ratio of the inorganic
filler is from25 to 95% by wei ght based on the total anpbunt of the resin

conposi ti oncyplehekabbyel,r aRe2@drentée bandet 8ot 1 i RBLevipkaf erably from 70
to 95% by weight, and nore preferably from80 to 92% by weight. In the

case of usipglgmepheticah RYWECHAYHYMErid NOKERALS Ebkheks the form may
advant ageously be substantial sphéré containing no sharp angle and having

an aspect ﬁ@lw_iﬁf/l%hgan,1po§|=;zié_o?i¥%?§é‘n)\hl\?'ﬂé‘r%§pﬁ'ﬁaiEhéymﬁ@r; that of a
SIl1 Ca powder

commerci ally avail abl e spherica produced by a spray coating

method or spta@€loRBiivdhidss d¥ phentad wak® aisphesechavd RO-SRPBLALEI ty nore
close to that of a real sphere is nore preferable. Wen sphering

t r eat ment iﬁeé?éééﬁgéa,b%hghEHQBQQBWngﬂfgfﬁﬂléS processed into a fine
powder, and then fornmed 1o a spherical ‘powder by a nechanocham chal nethod

wi th addi ng a binder t e powder. The form of the crushed powder may be
het er omor phic  Ho-H,c L\v/) CH,-OH
and the like or dialkoxys such as a compound represented

by the following formula

RO-H,_C—@——CHZ—OR
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 -

in the formula, X represents a halogen atom selecteci frbrﬁ
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



body such as a pol yhedron having angle and the |ike. Anmong ot her,
anor phous or crystalline quarts crushed powders obtained by grinding a
synthetic or natural quarts lunp is 17 1 July 2002 suitable, and

specifically, fused crushed-silica and the |ike are suitabl

spherical powder used in the present inlention, any powder ﬁgHﬁﬁgbgged,
and as one exanple, which conposed of three groups, nanely, x, y and z
conponents, will be described. The x, y and z conponents have an average
particle size from0.1 to 1.5 Um an average particle size from2 to 15

9m and an ayerade . Rachi £l 2 s d1an %éé% ofP t38 Eg%?‘?cﬂe!%% g, mor e

preferably an average partitcle size from0.1 to 1. m an aver age

particle siffie bt 43 MesAMeanth 3 ALRNANSL PAIL] G2 RoLE {EANPD 10 S0

Un respectively. en a po aving an average 'particle size of |ess

than 0.1 ,ug} ii%a‘i%ﬁx%, e iy fd ?Jﬁﬁéﬂ;xﬁéi@@eoﬁ.nt Rg LRI gAch ot her,

sonetines uni'form dispersion in I'n conposition becones difficult

and f lown r (VAN ?3%? : havirg . . particle
si ze of overg78 e hm)éggflel ot eé"g%%yﬁ %ﬁ%\gﬁﬁlgﬁng? E):glr@t ?}\é%s%glet

seri conduct o, gheBA i s Wekkd CHARGH UE IS 208 .1B3LIEIC 5L a8s (Wed e X, ¥

and z conponents are ou the abo ranges, OW Ng property

of the resin Cogpaﬁbg%g{grogfggﬁreée dedel S AISFQDLERNAL L RELPRELI Cl e size

di stribution of eac powder used in the presént invéntion is

narrower. 0fni LebNED, BrANIRS pilos TR AP OUHLENsBYR! 8F 1S preferred.

triphenylphosphine, tri-4-methylphenylphosphine, tri-4-
methoxyphenylphosphine, tributylphosphine,
trioctylphosphine,tri-2—cycnoethylphosphineandﬁhelike'
and tetraphenyl borate salts thereof; éert—amines such as
tributylamine, triethylamine, 1,8~
diazabicyclo(5,4,0)undecene-~7, Itriamylamine and the like;
quaternary ammonium salts such as benzyltriﬁethylammonium_,
chloride, benzyltrimethylammonium hydroxide,
triethylammoniumtetraphenyl borate and the like;
imidazoles, and the like. Among them, organic phosphine
compounds, 1,8-diazébicyclo(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



preferable to use a powder in which x, y and z conponents 18 1 July 2002
are treated for uniformng respective particle sizes by sieving operation.
The average particle size is defined as a 50 %dianmeter of cumnul ative
particle distribution nmeasured by using an apparatus such asaly 266p
scattering particle size distributioneasuring apparatus and the 1ike.
Regardi ng the conpounding ratio of the spherical powders x, y and z,

rati os by volunme of the x, y and z conponents based on the cal cul ated
total volune of the x, y and z conponents nmay be advantageously from 10 to
24% by vol 10 HE% : 9 | ume
respectivel é,ﬁﬁgﬁh{am@r% ;F)cf\t/éz:irnt ag%%ﬁsﬁy%%m@gl%%gghiéébg \Z/iglé)uf%é:,e romo0. 1

oo PGPSR L AP s TR

preferably : _
to 76% by VBle“ﬁgnge%%e‘iHc‘i%&’se \’X‘Pﬁﬁ‘«gn bLAs %%h%‘éte of these ranges,

fl owi ng proper the resin conposi owers. e aforesaid

fl owi ng | ty of the'resin | LOn o ined, b
escriptions of % ‘yjrg\gglgpml%%%% #s‘é’.sse{ﬁd?égvaqm lg{ea(}[cf‘;\r/rgg %‘%Lts s yt he w,

cal cul ati on usi ng val ues _ rviding respe
y and z COERQ”S%ﬁ?QXdFﬁEp?SE%eoEr lﬂﬁesﬁ?x%'rfg’a?\i@ Fahlder ?Lss WQldes  of
respective conponents. [n”general , "t he apparent volune of a'particle

RO SRR St S B N
are m xed, égm&ogfkioggogreferably from 50 to 95% by weight, more
'preferably from 70 to 95% by weight, and mbre preferably
from 80 to 92% by weight.

In the case of using é séherical_powder as the
inorganic fillér, the form may advanﬁageously be
subsﬁantial sphefe contaiﬁiné no sharp angle 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 moré preferable. When sphering
treatmentisdifficult,theinorganicmaterialisprocessed
into a fine powder, and ﬁhen 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 héving angle and the like. Among

other, amorphous or crystalline quarts crushed powders

obtained by grinding a synthetic or natural quarts lump is .



t he apparent volunes before and after the mxing are different. Therefore,
in the above-described description, apparent volunme is not used in
cal cul ation of % by volune of each conponent of the particle aggregate.

The crushed powder (m conponent) used in the present inventjgghagoan
average particle size of 1 to 70 ,am Tfeferably 1 to 30 ,cc m Regarding
the conmpounding ratio of the crushed powder (m conponent), the ratio by
wei ght of the m conponent based.on the total weight of the spheri cal
powder conponent and the crushed powder m conponent is preferably from1

to 30% by i e 1 ng? L9 | T this range,
effect for e%%%%%vg]nb%é&n%po%r Has {&g’ rfelgélérlgt%ﬁ]ér?%nf%ggg?ogéﬁo%mﬁ%g out
of a resin Jﬁﬁ&?%ﬂﬁ?t%uﬁﬁﬁﬁiéﬁfﬂj depending on kind of the resin,. and
forms of an ‘encapsul ating apparatus and nold is poor, and when over this

range, flow ng ph%ggﬁ%fﬁpq{eéi@af S?h%te%o‘qggaiit’i ?Hedgféséﬁgsnﬁ}"lsetrbtir%?}? ousl y

pref erabl e that ers ‘used e presen imiven

e A TR ARt P TSRS, SR

appar atus su

bl ade or air, ,an_apparatus whi ch vibyrates hakes or rotates. essel ,
and the |ik&F ﬁ%rrﬁeﬁ HORP St meerq%hexfijfl%?é & £OTPRPRY Srio Ndd ot it
ti,ons of sanples in

T rorent prasseespe-5omaBshr) o805 ettt ol e hor AVRES S8, o

di fferent plraces are 20 _ _ _ .
frggsggn“ Al LY 4081 330B, Q% dI0h . 1 e SO B O m, FUR L a SR N LY S8 T T er
from 2 to 15 4 m and an average particle size from 20 to
70 4 m respectively, and more preferably an average
particle size from0.1 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 um is used, due to

flocculation of the powder each other, sometimes uniform .
dispersion in the resin composition 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 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 2z components



previously treated with a coupling agent or a resin, for use. As the
treatment nethod, there are a nmethod in which mxing is conducted using a
solvent, then the solvent is distilled off, and a nethod in which the
coupling agent or the resinis directly mxed with the filleyyapdobhe
mxture is treated using a mxed. In t h& epoxy resin conposition of the
present invention, in addition, a nold-rel easing agent such as natural
wax, synthetic wax, higher fatty acid and netal salt thereof, or paraffin
and the like, or a coloring agent such as carbon black, and further, a

surface treatddg agentd SESH uﬁ:?fé‘rxﬁihé”%e%%’é?ﬂl% ifd {Dgalikg may

be optionally added. Further, a fla ret nt such as anti1nony

trioxide, pRAERNHYDLAPOLEH ?ﬂ?@%@%g&k{%ﬁr‘s% edé Ngetikeqmay be

added. For. exhlbltlng Flame retar rom na epoxy Teéesin is

par ti cul ar | ke & SPTe R Sandbd 5F o061 LOVEE! BAAAS MR, St omers

may be added or previously reacted use ereo ude

addi ti on tyasa%r%%aﬁgngeégyy n & ASLPOBLS &pgthS 44@&%@% 22i0G || cone

pol ybut adi ene, but adi oni e copo 1 Tone Fup

oi | and theplikecsoFay; ﬁawl%agm?'ﬁggéepaﬁgpsggzr%%@ W epet Uty

2002 senlcgnductor he 11 ke and produci encapsu
senlconductggkgeV|ce usi ng the epoxy resin conposition of the present
i nvention, curing-nolding may advantageously be effected by a

convent i onal | Y kR@YArding the compounding ratio of the spherical

powders x, y and z, ratios by volume of the x, y and 2
components based on the calculated total volume of the x,
y and z componénts may be advantageously from 10 to 24% by
volume, from 0.1 to 66% by volum_é and from 24 to 76% by volume
respectively, and more advaﬂtageously from 10 to 24% by
voiume, from0.1to 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 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,



nmol di ng met hod such as transfer nold, conpression nold, injection nold and

the Ii ke. EXAMPLES The follow ng exanples illustrate the present
i nvention, but do not |limt the scope thereof. Evaluation nmethods of a

Kneaded nmaterial and cured article are as follows. Barcol g Uabpggé§: it
was neasured by a 935 type hardness neb$uring apparatus under “condifions
of 175C/ 90 seconds according to ASTM D-648. Tg (glass transition
tenperature): It was nmeasured using TMA. Water absorption: Change in

wei ght was measured under conditions of 85C/ 85%H using a thernp-hygrostat

reasur o undor BRI Sne SRS Jo gr i ek ex el mind (Y die £°

measured u

L der heBk ERSLELANT o0y L okbLCPLE8A S b BURNEL L cd 2RI o0

whi ch crack was "generat e i“mersion 1n

' . ' . i b i mul d
?&S?EE’”S?ngb[eﬁ%é’ékgééﬁ&eéa%E%%ﬁ%%%klﬁésé%f%géﬁ%@*?ﬁﬁ%ﬁ% blcylv At §$ °
es illustrate the

prosont i i7bnBRoR, CRIECHBTEPT (1S R AChpeRPREFRBES I n L he exanpl cs.

pr esent _ _ _
the epoxy equ'Va&ﬁgtcf&sggé'£§$h£¥'(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 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 lowe: 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 decreaseé.'

It is preferable that the fillers used in the presen£
inventionis 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 fillérs are
fully kneaded or not, it may be advantageous that particle

size distributions of samples in different places are



nol ecul ar wei ght of an epoxy resin per one epoxy group. Reference Exanple
1 (1) Synthesis of 1,1-bis(hydroxyphenyl)-2-chloroethane To a 2-liter
four-necked. fl ask equi pped with a thernoneter, stirrer and condenser were
added 244.4 g (2.0 nol) of 2,6-xylenol,(hereinafter, abbr evi aiupd 209226
XY), 193.8 g (1.0 nol) of 40.596aqueod% chloroacetoaldehyde sol ution and
376 g of acetic acid, and the m xture was stirred for dissolution and
cooled to 5C. Then, to this was added dropwi se a sol ution prepared by
mxing 122 g (1.2 nol) of concentrated sulfuric acid with 84 g of acetic

acid at 5Creesurdoarns] whedthdhe hesactions ulyst £t hablpetné asamd oat 25C
for 6 hours, and stirring of the reaction system was continued overni ght

at room t enpertatis exheldiead ¢ eFpertateur,e aft idwatyg) esheagitoelesalyo beC, and
the precipitated crystal was separated by filtration. The crystal was

washed wi t hp3edigusfl ywetreratfeat wdith ta resipIiren adgknedbringefedaducas:
pressure at 40C for 8 hours to obtain 264 g (yield 86.6% of a col orless
crystal (refeeredAscthe 2 atnkity n2ddidd X¥Ere Hie punétNodeaswrady gel
perneati on chromatography (hereinafter, abbreviated as GPC, detected by
254 nm ul t raekahgt isagpndasted. 3% ingnd wode&ealsorpldnOr hedw liveng Rydr oxyl
group was recogni zed around 3500 cm' by infrared spectrum Further, a
fragnent hadiagidledl effi, aand weinghhodf id0GhiveR s eraiasl g mRAEmtSBRCt rum
(2) Synthesis of stil bene-based bi sphenol To a 1-liter four-necked flask
equi pped witheaesin 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 moid-releasing agent such as
natural wax, synthetlcwax hlgherfattyaCLdandnetalsalt
thereof, or paraffin and the llke, 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 optionally .
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 rubbe:, silicone o0il and the like.

For encapsulating electronic parts such as a



t hermoneter, stirrer and condenser were added 225.6 g of XYCE and 451.2 ¢
of nethanol, and the m xture was stirred for dissolution under nitrogen
flow. To this was added dropw se 91.9 g of 48. 3% aqueous sodi um hydr oxi de
Solution at an inner tenperature of 30C for 1 hour. Then, Hhﬁu{}} spperature
of the mixture was raised and the m xtu®e was reacted for 3 hourS- dnder
ref lux of methanol. After the reaction, high performance |iquid

chromat ography (hereinafter, abbreviated as LC) recogni zed that the raw
mat eri al XYCE conpl etely di sappeared. After cooling to 60C 37.5 g of

concent  at od daudahlaVd:e A6 SLHES) 2gdedy BEoRRNSER 28l Ay, and methano

was distill ot “wat was ~added, anI he hed
i pi I t ai by f] iQn._Th t was_ washe

N th vt er Boperr et SRty A5VIEh ABipl Y KRR R
obtain 192 %@'s'oé()io f 0% ¥kl W GLYSt In X § . -c'll;he uri Ly, measur ed by
GPC was 98. ‘90 and W de absorption : Jar 2 U d: %@&WW group
havi g a moredarsrsenuil b it dRter VRN RS bR o kPR (3 0
Synthesi s of,¢RoRY GATRAUNG.A0 . qf Lhe.L aw TRl o1 L g phenol (Xrse)
obtained in S C argeéi1 i 'nto aﬁ'_er}icﬁ%r{n?é sef Ea |5f5é8 WP %4

th ter, Lreer, i f I d enser having a separation
tugre@gﬁde&égﬁékéé§ﬁvg§&?ﬁ8%§g.tg%gq%keggi cﬁ?gr ohydrin and 242.8 g of"

1, 4-di oxane. To this was added dropw se 61.71 g of 48. 3% sodi um hydr oxi de

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 unde£
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

ICsamples onwhich crack was generated after immersion into

a solder bath at 240°C for 30 seconds directly after



continuously at 62C with maintaining the inner pressure of the system at
140 torr. During this procedure, the systemnas reacted wi th maintaining
the tenperature at 62C, cooling and |iquefying epichlorohydrin and water

azeotropically, and returning the organic |ayer back into tp; Byabg@
After conpletion of the reaction, unreacted epichlorohydrin'aH

1, 4-di oxane were renoved by concentration under reduced pressure, and the
by- produced salt and glycidyl ether were dissolved in 800 g of nethyl

i sobutyl ketone, and the by-produced salt and dinethyl sul foxi de were

removed by washing with water. _Then, pethyl _isobutyl ketone was distilled
of f under PQ&&&Q%%P§§§E,P§4&P Py goPlatetodEs {02 diRiFR PRCKIFR (86. 2%

of an desired product (referred to as XYCG-E). 25 1 July 2002 The purity
neasur ed byPér&ag@etbiécknepy i $% amnunger epndétivasi ag8s Qd@éﬁrﬁﬂmg
apparatus) was _93.0% the_nelting point was 151C, and the epoxy equi val ent
was 198 g/ HHmPEE 2fr s&mplest: ik rared absorption spectrum measurenent, it
was recogni zed that absorption due to a , phenolic hydroxyl group

di sappeared, andTBBs&PpEryHNgt exarplasyi rate theguereseBoxy exi st ed.
Ref erence Exanpl e, 2 (lg Synt hesi s of 1, 1-bis(hydroxyphenyl)-2-chl oroet hane
derivative ¥RECBRHENpr B8EdGPe NRE iLH TR vl e dp@npherecfi1) was conduct ed

except that 195.5 g (1.6 nol) of 26XY and 65.7, . )
In"the examples, the epoxy egquivalent is defined by

molecular weight of an epoxy resin per one epoxy group.
Reference Example 1
(1) Synthesis of 1,l-bis(hyd;oxyphenyl)-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 6vernight a£ 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



g (0.4 nmol) of 3M6B were used instead of 244.4 g (2.0 nol) of 2,6-XY, to
obtain 271 g (yield 84.1% of a pale violet «crystal (referred to as

XMCE- 20). The purity neasured by GPC (detected by 254 nmultraviol et ray)
was 97.7% and wide absorption due to a_hydroxyl group was 1 ecpgiceed
around 3450 and 3550 cml by infrared s%@ctrun1 Further, fragnents having
a nol ecul ar wei ght of 346 and 304 were observed by mass spectrum (2)
Synt hesi s of stil bene-based bi sphenol The sane procedure as in Reference
Exanple 1 (2) was conducted except that 144.8 g of XMCE-20 obtained in

Ref erence Exaqe p. 2 ThE prasi tisateansteddbof g¥YCherimeatitari n 124 g (yield
96.6% of a yellow crystal (referred to as 26 1 July 2002 XMSB-20). The

purity measwhatbnmt dd¥athet@ried hys 264, riBbrdviavedlRt cpay)daescO€d41% and
wi de absorption due to a hydroxyl group was recogni zed around 3400 cm' by

infrared spgcRsummFulthevioleagragswhaveagie, nehgorl@s awi@hbt fbn 310
and 268 were observed by nmass spectrum (3) Synthesis of epoxy conpound The

same proceddiue 8% anhyefekgNCer&upmpae dedSInIeed £PHEHE! S0 @X&RPIbY hat
99.7 g of XMSB-20 obtained in the above-described (2) was used instead of

XYSB, to obtaifirakdl sgetyiramd 9¥ittRErana desigtthtohaduely 4 mRf1ddhA 0 as
XMCC-20). The purity neasured by GPC (detected by differential refractive

i ndex neasuwelghappdr BOUS wahoBERBMed APy hhss spateruumf the

sti | bene- based epoxy conpound cont ai ni ng
(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 refiux 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 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



26XY and 3MbB in the nolecule was 39.6% The nelting point was 110 to
130C, and the epoxy equivalent was 208 g/eq. As a result of infrared
absorption spectrum nmeasurenent, it was recogni zed that absorption due to

a4 phenolic hydroxyl group disappeared, and absorption at 12ﬁ9u§p?095d 920
cmi  due to epoxy existed. Exanples 1-6%nd Conparative Exanple -2 The
epoxy conpound obtained in Reference Exanple 2 (referred to as "epoxy 1"),
glycidyl ethers of orthocresol novolak (conpounds having a nelt viscosity
at 150C of 2.7 poise and 1 poise are referred to as "epoxy 2" and "epoxy

27 1 July 2 " i : ] 95 -1
nanufagtﬁregg%ytéuﬁ{ﬁgﬁgg%kgﬁé%%?bEggg'ﬂ%%??nggggsgPé%BEVa e%ﬁ§&egg’195

/ d 20 / Lvel I : | 758,
Tanf act ur o8 "8y AFeaBaC AT RB TR et S AL BEPERG SR

aral kyl phengL e8! e Gid@R ot M A%y, TROULagEuCRd iy M T sul Toat su

Chem cal s, , trip enf‘phosp iné as‘a curing accelerator, fused

silica (grade,of._th i.licais s bel o as a filler, carnauba wax as a
nol d-rel eas?gé %38&?‘,‘335& d o?ofﬁ%%vgo n‘%ux\%t rade nane: SH- 6040,

manuf act ured by Cor ni Tor ay ilicon o r ded in
anounts (9Q) shomﬁBﬁaﬁ ?gbggelgagn a? 5l%ﬁx?ngo%agk%ﬁégggﬁﬁﬁﬁgﬁﬂﬁggting by

ot ned byl EboRBReEhad gt L0 Rl O vl L iRl bERy f1 TR &1 2

obt ai ned by npoundi ng %o D Crus S

(et actu e Bic EGHL 1G0RKL. o055 (il BUERRIBIALE by
' 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 49.3% sodium hydroxide
continuously at 62°C with mainﬁaining the inner pressure
of the system at 140 torr. buring-this procedure, the
systemwas reacted withmaintaining the temperature at 62°C,
cooling and liquefying epichlorohydrin and water
azeotropically} and returﬁing 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).



Kagaku Kogyo K. K.) was used. Further,

post

article.

property,
represented by X, and

a nold 28 1 July 2002 was represented by 0. In the table, the term

"ol di ng
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failure"” indicates the case in which unfilled portion and
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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 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

the nol ded article was subjected to

curing in an oven at 180C for 5 hours to obtain a cured nolded

The physical properties of this cured nolded article were

measured, and the results are shown in Table 1. Regarding fL0b§£?§02
e was

the case in which nmist and <£%in were forned on t
the case in which mst and stain were not forned on

voi d
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tll 't Ot CXMSB-20). The purity measured by GPC (detected by 254

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,

' itwasrecognizedthatabsorptionduetoaaphenolichydroxyi

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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manufactured by Sumitomo Chemical Co., Ltd., epoxy
equivalent were 195 g/eq and 200.g/eq respectively), phenol
novolak (tradé 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
Kag'aku 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, thé 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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failure” indicates the case in which unfilled portion and

void were formed in the package.
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The same evaluations as in Table 1 were conducted,.
except that tetramethylbiphenyl type epoxy (epoxy
equivalent: 193 g/eq, melt viscosity at 150°C: 0.1 poise)
was used as the epoxy 4, a glycidyl etherified compound of
polyphenol which is a reaction condensate of phenol with
dicyclopentadiens (epoxy equivalént: 264 g/eq, melt
viscosity at 150°C: 0.6 poise) was used as the epoxy 5, a
mixture prepared by compounding 1, FS-20: crushed silica
(average particle size 5.6- Am) manufactured by Denki
Kagaku Kogyo K.K.,. 2,. Adomafine SO-C2: spherical silica
(average particle size 0.4 L x.n) manufactured by Adomateck
Corp., 3, Si'l.star MK-06: spherical silica (average particle’
size 4.9 um) manufacturedby Nippdn Chemical Industry, Co.,
Ltd., and 4, Excelica SE-40: spherical silica (average
particlesize 40.4 & m) manufactured by Tokuyama Soda Corp R ’
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 fillef) .
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 (accordin'g to JIS K69911, K6849).
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41 a 03 In 32 1 July 2002 Exanples 11 to 14 and Conparati ve Exanples 6 The

sane evaluations as in Table 1, 2 were conduct ed,
Examples 11 to 14 and Comparative Examples 6

The same evaluations as in Table 1, 2 were conducted,
except that the evaluation was conducted under conditions
of 80°C Xhumidity 60% in the moisture absorption test. The
volume resistance was measured according to JIS K6911.
Moisture absorption in the volume resistance test was
conducted.using a pressure cooker tester at 121°C and 2

atom.

In thé 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 é.mdhumidity 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 épparatus.
The outer crack iepresents the case in which crack occurred
in inner portibn 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.



except that the evaluation was conducted under conditions
hum dity 60% in the noisture absorption test.

measured according to JI'S K6911.

resi stance test was
In the sol der test,

ac. kage) . and t hen encapsul at ed,
: 2 thickness of 1.5 nfm 2 mmand 2.7 nm Ten

atom

conducted using a

and

ressure cooker testep

a tip was noudBed on a sinul ated
eval uati on was effected regar di ng

The

of 80C X

vol une resi stance was
Moi sture absorption in the vol une

Cﬁ% ;ﬁ%ﬁ%and 2

sanpl es havi ng a package _ en
pagEages were used, noisture absorption was conducted under conditions of
85C and hum dity 60% for 168 hours, and the package was inmmedi ately
i mersed in a geblers bath at 240C for 30 seconds, and whether package
. . : +~—eratret—bBy—a—tH-tFaseri-e—iasure det ect ng
crack occurregTornot—was T nvesttgatet—by—a—utrase qne.
apparatus. The outer crack representg the case g 0i ch crack §§tqve 'E
i nner portion rpnrth to outer surface of the Dackaqe and the,hgner Ccrac
represents the—e whi-ch—no—crack! & rdcodhi zied 1on | hetspa¢kage by
. Pr e con e.nt (‘-.by;ve,l-ghs)\u, a m..&2, ad i B4 pedportitdn 13381 Juyly
observation ffonrouf erack—e¢eurFed—o Frpae . .
2002 Table 3| Cam éganple parative anﬁp|9 1L 12 13014 6 . Fi Iehoconten
% by wei ght) B2 84 B&n86n8&akEpoxy 1 505154 $0556s -| si.s8 | s1.98 53
TPP 1.5 1.5 1.5 1.5 1.5
SH-6040 2.5 2.8 2.9 3.2 2
Carnauba wax 1.8 2.1 2.2 2.3 1.5
Fused silica - - - - 557.6
Crushed silica - - - - 139.4
Mixed silica 691.8 797.3 860.5 932.9 -
Spiral flow 71 71 58 56 30
Barcole hardness 87 87 85 83 88
Tg | DMA(tan 8) *C 165 163 164 162 155
Drawing adhesion under Kg/mm 1.1 1.35 - 1.02 0.5
heat ,
Tg 24hr./Disk 1 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 | 0.1665 - .
Volume Ia drying at Q 2.3E+17 | 1.6E+17 | 2.2E+17 | 1.6E+17 | 2.3%+17
resistance |room . . i
temperature
120°C g 9.1E+16 | 8.6E+16 | 1.1E+17 [ 9.3E+16 | 1.2E+16
150°C Q 7.02+16 | 6.9E+16 | 6.7E+16 | 6.3E+16 | 6.35+16
100 hours Q 7.7E+15 | 1.0E+16 - 8.6E+15 -
after
moisture
absorption .
Bending at | Strength Rg/mm? 16.3 16.2 13.7 16.6 17.4
room Elastic Xg/xm? 1789 1946 1952 2009 1978
temperature | modulus .
R.T. Deflection 0.0107 [0.00966 |0.00812 | 0.00937 | 0.0102
Bending at | Strength Kg/mm? 0.91 1.02 1.32 1.26 1.75
2407C Elastic XKg/mm? 99 125 147 152 167
modulus )
Deflection 0.00912 [ 0.00817 |0.00902 | 0.00833 | 0.0106
Solder Watexz, % 0.21 0.20 0.18 0.18 0.22
Cracking, absor»tion
2.0 mm thick | Inner ecrack % Q 0 0 0 40
Quter crack 3 0 0 0 60
Solder Water 13 0.21 0.20 - 0.18 0.22
Cracking, absorotion
1.5 mm thick | Inner crack 3 20 0 - 0 -
Outer crack % 0 [+] - 0 100
Solder Water ' 0.21 0.20 - 0.17 0.22
Cracking, absorotion
2.7 mm thick | Inner erack L) 0 0 - 0 Q
Quter crack ] 0 0 - 0 0




Epoxy 3 50 50 50 50 100 Phenol novol ak 51.99 51.98 51.98 51.98 53 TP? 1.5
1.51.51.5 1.5 SH 6040 2.5 2.8 2.9 3.2 2 Carnauba wax 1.8 2.1 2.2 2.3
1.5 Fused silica - - - - 557.6 Crushed silica - - - - 139.4 Mxed silica

691.8 797.3 860.5 932.9 Soiral flow 71 71 58 56 30 Barcole h rﬂggﬁ% 87 87
85 88 88 T DVA tan 6 'C 165 163 164 163 166 Drawi ng adhesi oh9Y Rg/ mm
1.1 1.35 - 1.02 0.5 heat Tg 241tr./Disk 1 0.0938 0.0834 0.0825 0.075
0.0803 water 48hr./Disk 1 0.1272 0.1171 0.1141 0.1038 0.1196 absorption
168hr./Disk 1 0.1984 0.1862 0.1728 0.1666 Volune In drying at 2.3E+17

1. 6E+17 2. 2E+17 1.6E+17 2. 3E+17 resistance roomtenperature 120'C Q

9. 1E+16 8. cEkefiéréntE+Examder1d 1. 2E+16 150' C 7. OE+16 6. 9E+16 6. 7E+16

6. 3E+16 6. 3E+16 100 hours Q 7. 7E+15 1. 0E+16 - 8.6E+15 - after noisture
absorption BendThg epoSyrdnand fegowy Icverecmdxed,7ane €hange imoom '

El astic Kg/m 1789 1946 1952 2009 1978 tenperature nodul us
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 td 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_ain
definite shape at room temperature, and was a semisolid
material in honey-like state. 1In 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 vaiues of spiral flow were méasureci
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, regérding 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



R T. Deflection 0.0107 0.00966 0.00812 0.00937 0.0102 Bending at Strength
R/mm 0.91 1.02 1.32 1.26 1.75 240'C Elastic Ag/ans' 99 125 147 152 167
nodul us Defl ection 0.00912 0.00817 0.00902 0.00833 0.0106 Sol der Water.

0.21 0.20 0.18 0.18 0.22 Cracking, absorption 2.0 nmthick 19n(ir ZSJrO%k 10
00040 Quter crack 1 0 0 0 0 60 Sol3®r Water 0.21 0.20 - 01840
¢racking, absorption 1.5 nmmthick inner crack 1 20 0 O Quter crack 1 0 0 0
100 Sol der Water 0.21 0.20 - 0.17 0.22 Cracking, absorption | 2.7 nm
thick inner crack 0 0 0 0 Quter crack 1 0 0 0 0 34 1 July 2002 Reference

o nt. of ¢ ne reirn tferst nan Ak Al SE & o HIE (SHFNE remin iR o 1
L e W Ak e OBl LY SR SPGB ERL) "
e e corRalAtle RS S h EPIBhSspn IR 1S UL BLEIHG o102 EB2Y °
as the curing accelerator, fused silica (grade of the silica
is shown below) as the filler, carnauba wax as the
mold-reléasing agent, and coupling agent (trade name:
SH-6040, manufactured by Dow Corning Toray Silicone Co.,
Lt@.) were compouﬁded 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.



epoxy conponents) in Conparative Exanple 3 did not maintain definite shape
at roomtenperature, and was a semsolid material in honey-like state. In
the epoxy resin in Conparative Exanple 4, the resin adhere each other at
foom tenperature, and neasurenent and m xing were difficult, sznBl'e 15
and Conparative Exanple 7 The resin corggsition of Exanple d YHYTaBPé 2 was
preserved at 23C, and values of spiral flow were nmeasured wth changi ng
time (Exanple 15). As Conparative Exanple 7, nmeasurenent was conducted .
using the resin conposition of Conparative Exanple 3 in Table 2. The
change is shown in Fig. 2, regarding spiral flow value directly after
preparationﬁﬁb%QKﬁresin conposition as 100. Exanples 16 to 17 and
Conpar at i v EXanpre 8 Measur enent§ Wer e conductred T nm [the same mgnner as in
35 1 July 2002 Tables 1 to 3. An 4gral kyl phernol- resin (%]rgdr‘e na M | ex,

manuf act ur ¢e—by—M-tsui—Foat-su—Cheritcal-s—tre}—as—the S8R Hy agdnt ,

oy

tri phenyl phaosphine as the curing adcel e¥fat or as!fhe quringdaccellerator
fused silig¢a (gradgoxf the silica (is s#sown pel oW) as (the fiad | er,f carnauba
wax as the| nol d- ggbégasi ng agent, and aeuplijpg agent (trade- name:] SH 6040,

manuf act ur ¢d by Dayxgﬁ%rl h&g1Toray $iliggone do., galid. ) wergg_ gonpqunded in
able 1, and |the;nd xture wgs kngaded; W th heating by

anounts (g} showngipp r )
aroll, then subggg%ﬁq to transfe; nDE i ng.] Further, ithe mplded| article
was subjeclted to pos uring in anfoven at 1800& %t or |5 hotir’s to|obtain a
cured nol ded arti ‘F‘g?a“%ﬁewaﬁ‘hysi cal 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 Comparativé Exaﬁple 9

Molded articles were obtéined from the resin
compositions shown in Table 5. Thermal decompositioﬁ
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 323eC

temperature




properties of this cured nolded article was neasured. The results are
shown in Table 4. 36 1 July 2002 Table 4 Exanple Conparative exarrpl e 16
17 8 Epoxy 1 85 70 100 Epoxy 2 15 30 - Aral kyl phenol 81.7 82.1 80 TPP

3.5 3 3.5 SH6040 4.4 4.4 4.4 Carbauba wax 3.3 3.3 3.3 I\/Ixegg |ca
1355.8 1335.5 1325.6 Spiral flow inch 22724 29 Barcol e har dheddy @%5 76

Exanpl e 18 and Conparative Exanple 9 Mol ded articles were obtained fromthe
resin conpositions. shown in Table 5. Thermal deconposition tenperatures
of the nolded articles was neasured using TG DTA (SSC/ 5200 nenufactured by

Sei ko I nstruments_ Co. Ltd.)., The results are shown in Table 5. Table 5
Exanpl e 18 Conpar&it§ \FéDO’E&aFﬁ&Pél omnqs idriquafy the BREFESE BBVERSAPNL 50 -

Epoxy 3 50 -
maintains excellent molding property and can prov1de a

package without generating a defect even if the amount of
the filler is increased. The epoxy resin composition of
the present invention has low moisture absorption and other
properties in well-balanced particularly as a material for
encapsulating electronic parts. Further, a reéin

encapsulated semiéonductor device obtained by using this

resin composition is excellent in solder crack resistance.



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 mxed silica 1114.5 1027.78 Thermal deconposition
367C 323C tenperature 37 1 July 2002 The epoxy resin conposition of the
present invention, maintains excellent | di ng property and1c nhpéﬁéide a
package wi thout generating a defect even if the anount of hel# ?is
increased. The epoxy resin conposition of the present invention has |ow
noi sture absorption and other properties in well-balanced particularly as
a material for encapsulating electronic parts. Further, a resin
encapsul at 4 £0 r, device obtained by using this resin conposition
i's excelleﬁgaﬁﬁ@ggl ggqégﬁkai%bsistance. 38 1 July 2002 Wat is clained
is: 1. An epoxy,resin conposi.tion conptising: (A) an_epoxy conpound
represent ed by tHe RREYa eF&ﬂmﬁ%FP%gitR9“R§QQP¢§SFBQC)CX CCH~ 00 (1)
R2 Ra Re RF yherein Rl to R rgpresent each _i ndependently a hydrogen

A) an epoxy compound represented by the general formula

(l):
. j-_ 3 Rg . H7_ SS °
O —_—
VavYal >— ¢ CH—<;_§/‘°\/<\ (1)
— RZ H4 Ra . HG

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 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).

S 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.



atom an acyclic or cyclic alkyl group having 1 to 6 carbon atons, a
substituted or unsubstituted phenyl group or a halogen atom (B) a

pol yfunctional epoxy conpound having a functional group nunber of two or
hore selected froma glycidyl ether c ound of phenol novoLﬁés 0 Og

gl ycidyl ether conmpound of trispheno I nethane novol aks, and C§ f epoxy
curing agent containing aphenolic hydroxyl group, wherin, the proportion of
t he epoxy conmpound (A) is from20 to 99% by wei ght based on the total

wei ght of the epoxy conpounds (A) and (B). 2. The epoxy resin conposition
according to claim1, which further 10 conprises an inorganic filler (D)

i n an anount, of ff€n125 to.95% b ht basea on_t he melggt of the whol e
resin conpositi onl NBFPOLY JEill CORs ““%“ %Wé‘é%&% e i WhesHp ‘?Wgﬁuéccordlng

to claim2. mhere)n Kr{1§nh%[9@6‘ﬂﬁ F30 1:895% B WSighbA8g Gyt ffom 50 _to

95% by wei ght basedson t he Jelg togf Phé\mho E es?n cgﬁgggﬁeﬁgﬁ r5 4. The

epoxy resin thombokiesiorompositidnng to claim 1, or 2, wherein the epoxy

curing agent containing a phenolic hydroxyl group (C) i s an aral kyl phenol

resin. 5. A resin-encapsul ated seni conductor device obtained by o

gpcgr;r'ﬁ' g a R 8500y CRIMUES B SHTERoriRE N9 ddlf §PBKY, Rk, GREPOST tion
epox)'/ curing agent containing a phenolic hydroxyl group (C) is an aralkyvlphenol

resin.

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

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



