; 3456e3eqdn””_t aj vad68dTdl 1 8 May 2003 *166166* DESCRI PTI ON EPOXY RESI N

COVPCSI TI ON AND S DUCTOR DEVI CE TECHNI CAL FI ELD The present invention
rel at es toM“MMﬁ in conposition for encapsul ati ng of sem conductors
which is s he so-call ed arga nounting type se8iMayng0@3 or 5

devi ces fornmed #pgs§tount i ng sem conductor el enents on one side of a printed
circuit board or a netallic | ead DESCRIBRIONNncapsul ating with a resin
substantially only the side on which the sem conductor elenents are

mount ed, and tBP@X¥eREESNIGOMEOSIETONe AR FEALHGANRVGRIMPERECEesi n conpos
10 tion. BACKGROUND ART Wth the recent market trend of mniaturization,
wei ght - savi ng and enhancenent of perfornmance of el ectronic devices, high

i ntegration of sem conductor elenents has 15 progressed year by year and
surface FBGANIRBLOFIEERI con ductor devi ces has been accel erated. Under the

ci rcum stances, area nountin Lyge sem conduct or devi ces have been
devel oped afresh, AR8 BERSEHRJIEVENLION L&At IR iPRAY E®%tRures are

Repr csentPURLELN: FBaPBESRBIAARIG Fie SETTARTHTETE dEA iS¢ BOA

bal | i d. d P_(chi I K . Whi.ch furth

i ni a arvsErBRY AR Ehec BbRdra 10 AT R, BORRRI N TR A TSRtk R 1 or
8 May. 2003 | f. pi . i h d ly the limt
n conveteTbngr Eorrad Brofrinn B femiBalEt el S BT ST as P and
SOP. The, g4z ugk U5 e, pinthA BEEBLTRUBLARE bYPS HRTLAAIW G dvfes is such

t hat sem con
and encapsulating with a resin substantially only the side

on which the semiconductor elements are mounted, and to a
semiconductor device manufactured using the resin composi-

10 tion.

BACKGROUND ART
With the recent market trend of miniaturization,
weight-saving and enhancement of performance of electronic
devices, high integration of semiconductor elements has
15 progressed year by year and surface mounting of semicon-
ductor devices has been accelerated. Under the circum-
stances, area mounting type semiconductor devices have been
developed afresh, and semiconductor devices of conventional
structures are being switched over to the area mounting
20 type semiconductor devices.
Representatives of the area mounting type
semiconductor devices are BGA (ball grid array) and CSP
(chip scale package) which pursues further miniaturization,

and these have been developed for meeting the demand for
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5 ductor elenents are nounted on one side of rigid circuit boards such as
BT resin/copper foil circuit board (bisnaleimdetriazine resin/glass cloth
substrate) or flexible circuit boards such as polyimde resin filnm copper
foil circuit board and only the sem cgnductor 10 elenentsanuu?agdsside,
nanely, only the one side of the boards is nol ded and encapsulated with an
epPOXY I §idt B Y tHiHE Und pdddup R 148 THIL rad Mgt AEELY CLS ,
characterized in that solder balls are arranged 1 n plane on the other side
of the haafids ifrolcdieditibral i fLds imdget Thd St Phe Weekilcdndestegnduct or
device is nmounted. Moreover, as the boards on which sem conductor el enents
are mudetdcest s QFF nthd SRl | Criselbstrwdesre ush ehel gadaf r anes have
al so been developed in addition to the above organic substrates. 20 The

st r uct umeuoyt itnlee Sty A esemimmontd ek diy piewires cosdsndlortiveyi sesidas~t he form
of one side encapsulating, that is, only the side of the board on which
sem condincttor e lerents are muurtes ion onamidatefl nidihd aoiepoxy resin
conposition and the side on which solder balls are forned 25 is not
encapsulbaaeds Ismcahthasc &k nsfs irvtcdpper sidikk ratrsustudoard| ead frane, an
encapsul ating resin layer of about several ten uns is sonetines present

al so on (tismadiedavideat triseing sesdn/gliass gdodbc spdbsitaate) rasin | ayer of
3 8 May 2003 about several hundred ums to several ml]imeters is formed on
t he senifd@¥dddocigicaridnondidh &R 8 Rl imide resin tfilmis is
substantially one _side encapsul ating, Therefore, in these sem conductor
devi ces CORRES A9 ils cdgicwst Pasrdiandi Qnly ittdie RAMESRPHIERE e of

di fferences in thermal ex si anheat shrinkage between,the,organic

subdd; ata Bt et S Ry ¢ 1A e R0 10T fe¥epoxy resin

afe BN : K rE U ST N Bpoxy resi
of The S5aRyY 8 KRR and SRR Sl &t e RREACH: Conauctor
of | PGS heétc &, WARH £ Hexe™em condy

it ough ‘S RSRATAR T P, T e o Ttk ery R el e T G

sem Congdyal Al tde%i6Rs 9 Hiat %%‘iéi%gga}g{?rcé;iﬂeﬁﬁée‘dr in%ﬁr £ﬁﬁé gpstate

and are apart fromthe circuit 1 Ion in

reliabikiney o®he®! @Glde & theNHdatdd Ed¥ indihdl & GRIEL M D NBbd g _
sem conductor devices in which substantially only one side of the board is

encapsubat Ghivht A demdRrPNIUCED N dVIRERSiid AdudtiRie Mredydmp ddrport ant

nmet hods, one of which conprises nmaking thermal expansion coefficient of the
subst r atheabdatrdat oaf whiohd semicpndritor alEnsEntisonmre araardteedach ot her

and the other of which conprises reducing cure shrinkage of the cured

pr oduct stfruepoxesr esiimgc oepedilticosubizd ridsEsnsucdyiasy ledd dirapess
transition tenperature (hereinafter referred to as "Tg") such as BT resin

and pol harwedelsesbeear denedeopedusad aderitdiogartic thehsthanenrganic hese have
a Tg higher than about 170C which is the nol ding 4 8 May 2003 tenperature
of an epvk$trases.conposition. Therefore, during the cooling step of from

the _nol ding tenperature to roomtenperature, shrinkage occurs only in the
ared%f al of theTBegdkractyss oft &hege FrfanfApnting LyRFHred 5 t hat

S, SRSl Esr BN O s el a0 e
o1 0poscl At maERoAnBY PSS PAGE RE THebPORMD Tt HE bR Srs I SRnet | onal
Ch0 B eRRAYH, BeRTRPHE 10RO
composition and the side on which solder balls are formed
25 is not encapsulated. In the case of metallic substrates
such as lead frame, an encapsulating resin layer of about

several ten ums is sometimes present also on the solder

ball-formed side, while an encapsulating resin layer of



Moreover, in the case of carrying out solder bonding by solder treatnents
such as infrared reflow ng, 15 vapor phase sol dering and sol der di ppi ng,
wat er present in the sem conductor device due to absorption fromthe cured
product of an epoxy resin conposition and the organic subs8iag2083 abruptly
vaporized at a high tenperature to produce a stress, which causes cracking
of the salondn s2Fedtadl Quniied eums tepaederal aiilllimetdrey fiarefdagieden t he
sem conduct or el enment -nmounted side of the organic substrate and the cured
product ehn tthe acpmdiconrekiotaorgiesidnomoulited sides amdpnaiedat o di m ni sh
the stress and the absorption of noisture of the epoxy resin conposition
and, in 2®saddit itdds tic sdvbstantdaddoxenres ide @poapsubat img have adhesi on
to the organic substrate. Mreover, because of difference between thernal
expansi ofheggiforserin dhease ssmjaanduniies dewices), twarpbig is &pthhy 2003
the cured product of epoxy resin conposition, separation at the interface
of or danit® oFe susitc afdernp medgkinmpbeganse rakidikirgrrees ol or package
cracking occurs also in a heat cycle test which is a representative

reliabi | ithprm@d: expang iohe” heateArdRkRISUPLAWESRD FRE 9F IBP3I€ seni conduct or
devi ces such as ng and SOP, crystalline %£o§é?resin such_as bi phenyl
epoxy reSURSIrate Sfetds &etas § TS MG cwied Qe ed in
conmbi nation for inhibition of crackin r separation at the interface 10
bet ween (HHE FEPEY, 4165 1 COMPASHRION ShohRIHE Tt LHUAPLHKITR Shount of

moi st ur 6 P ey &', Rl AR M F e SR B BB Ve pi ng
i1 ong skdgrencapsuhalad SeTAURIUSIAe dRH Ehaukh dl SRRARHEF F | VENTI ON

The present 1 nvention provides an epoxy resin conmposit causes
[tt]e vabpag Bht8r IR0 tartRl Wl SRAlEY i SR8 dgy type

sem conductor devices and Is excellent 1nreliability of solder treatnent
20 or th%h&b%%hbﬁcﬁ%%%ihb %%e%ﬁ%&??@bmg Sfcﬁkbﬁﬁk,'auéﬁhéshﬁ&cho organi ¢
substrates, and a sem conductor devi ce manufacCtured using the epoxy resin
conposi t IwﬁliFﬂibeoEr eheNls e\ cdMdue ore ldaivs ds0 ot 0 Xhd @Ry GUIRRst tion
for encapsulating of sem conductors which 25 conprises (A) an epoxy resin,
(B) a phbatliscatresindbt (f) fdatusitdgeaatd are apaartd fddm arthe ranganitc filler
as mai n conponents, characterized in that properties of a cured 6 8 May
2003 1pr otnatdsote d alng eh dattiendg canad iomr iimg refid adpdxiytyr edfi relemipagiali on
satisfy expressions, a > 10R (R=10X(b+c)-1), 300 a Q20000 and 0.15 b+d0. 50
i n whi chbandéngt.es a flexural nodulus (NNm®2) at nolding tenperature, b
denotes a cure 5 shrinkage (% and c denotes a heat shrinkage (% of from
mol di ng t enper at ur &Nt 6rdeFmtoe Agereagee Wazipd ngpadm isaeniganduaten he above
epoxy resin _conpgsition wherein the_cured _product has a water absorption
rate of ABViRBEelPh¥RighoshbstantdRd 1yf CaLY: RB& Fis® Pfodh® hoaxnd eated for

168 hours . . .
1s encapsulated with an epoxy resin composition, there are

20 two important methods, one of which comprises making
thermal expansion coefficient of the substrate and that of
cured epoxy resin composition close to each other, and the
other of which comprises reducing cure shrinkage of the
cured product of epoxy resin composition.

25 Resins having a high glass transition temperature
(hereinafter referred to as "Tg") such as BT resin and
polyimide resin are widely used for organic substrates, and

these have a Tg higher than about 170°C which is the molding



10 in an environnment of 85C and 60% in relative humdity and the epoxy
resin and/or the phenolic resin have/ has a napht hal ene skeleton, and to a
sem conduct or devi ce nmanufactured by encapsul ati ng sem conductor el enents
wi th said epoxy resin conposition. 154BRI EF DESCRI PTI ON OB gpgobs FIG 1
is a graph which shows rel ations of flexural nodulus, cure shrinkage and
heat shriemipegatirel BE G &PdXNYOHedih ompts BRIV, I EBhér&PEPOSI tions in
exanpl es and conparative exanples. 20 DETAI LED DESCRI PTI ON OF I NVENTI ON In
order t dutrdtiaceheakcpiold ng) step e diinortealebind vémpér subséabdi al |y
only one side of the substrate is encapsulated with an epoxy resin

conposi troom, temperattuaes [shed nkaeye cowimerad it dbecheparéandf odrel y, 25
t he one which conprises maki ng the thernmal expansion coefficient of the
substrabd &he prgandic tsdbsduade .pr dcdurrdingly Mayt 20 T ais ideredoxy resin
conposition close to each other and the other which conprises reducing the
cur e5shthakadd shet loaredopyrodasitn afogresint ings LiMeampas 1t ton saheewessary for
the reduction of warping to reduce the cure shrinkage and the 5 heat

shri nka§@sop Pigh @8 @nsg themsame X & 86 Ebalh eéndeacrgadiicn an epoxy
resin cogggsition conprisi,ng as .nmai n conponents an %foxy resin, a phenolic

resin, 8ULEEFAGSadBE)ePEGACEnd 18n F5FS dahitd & i9Uks Shiolkage, rekRicti on of
the warping.is still 1Q insufficient only by carryin ut reduction of the
cure sh?’?ﬁgéﬁg éﬁd“@ﬁggwe%r%ri Hﬁ‘é’g”‘e f R r%ec'gr?g‘e‘?%ﬂ e to room
tenperature, and_as result of, the intensivye research conducted by the
i nvent oP,rOPPSﬁQSabB‘&%hpﬁuﬁ’& RS 1% tﬂee&f?r gﬁy TR i ir ed” product

{he L0omBSteAPBoERP b ALy Rt et Bt R S i R R ST he. ol g
Lermer acen GEShELILLeRES LOF 1T BAGHec THE! ch; ahbuREscheen Tound that

when t he ural s at no nperature is Tow, warping is |arge,

and thaggégﬁg?gg gg?%%#e%grgg Rdiglgus is high, warping is small. It has

further oun all of the flexural nodulus at nol di ng tenperature,

the cure shrinkagpopadviels heaknehcadleass eharydig herddlidur t enperature
to roamtenperature affect the warping in conbination. 25 Thus, it has been

found t bahdwhgnbyl exddelr teeatmentl Eith als Mwfdared agflading, of the
cured product is expressed by a, cure shrinkage (% of the cured product is
expilsssedpby phasd bedteglinhignaade so¥deaf dippinmggl diater present in

the semiconductor device due to absorption from the cured

product of an epoxy resin composition and the organic

substrate is abruptly vaporized at a high temperature to

produce a stress, which causes cracking of the semicon-

20 ductor device or separation at the interface between the
semiconductor element-mounted side of the organic substrate
and the cured product of the epoxy resin composition.

Thus, it is demanded to diminish the stress and the absorp-
tion of moisture of the epoxy resin composition and, in

25 addition, to allow the epoxy resin composition to have
adhesion to the organic substrate.

Moreover, because of difference between thermal

expansion coefficient of the organic substrate and that of



g 8 May 2003 tenperature to roomtenperature is expressed by c, if these
properties satisfy the expressions, a > -10R (R=I OX(b+c)-1), 300<a<<_20000
and 0.15 <b+d0.50, the warping decreases and the sol dering crack
resistance is inproved in the sem cong5 ductor devices ingmnagR003
substantially only one side of the substrate is encapsulated with the epoxy
resin CeRROguired prod@civlod RpISMEYIN Iconpbd el g £sedparaveshi @8 nmeans a
tenperature of a nold when the epoxy resin conposition is cured by heating
and is ghealinyeirifaklee ofangeadficl GubEtrEHE curdd iprodud®tof i dpdeyd to this
tenperature range. The value "a" is measured in accordance with JIS K 6911.
The val wes'ib+compssittisnned ipadkagd adawkdingy reoners dlsarig prodatt in the
formof a disk of 100 nmin 15 dianmeter and 3 mmin thickness is nol ded
usi ng acyraestestnwhdichg isaehinepnesemtatiee arali ialmiki tf testol d t enperature
of 175C, an injection pressure of 70 kg/cnR and a curing tinme of 90
secoAds, and i nnednditaeeiconven tiilonadp stafade ynountlirsC type out er di anet er
of the disk cured product at 20 roomtenperature (25C) are neasured. The
val ue "Bemicpadugitoy gesdcieso@uche aSoQRR and (S0Bnar aNysakking the nold
cavity at 175C)-(outer dianmeter of the disk cured product at_ 25C)}/ (i nner

di anet ePPEKYt KESABI §uShy @Sy biphenyd) errxfoFesin Baid ke biRict used for
eval uation i s, one which_has_not been subjected to post-curing treatnent. In

the rel &FFdRsPBVIRI B AAG*XdPLEn&ed GEOMBTE 38ed Hdh IR (Rt

R=I OX(btc)-1), . i d 8 May 2003 this, i f d, d
wnen o #6F abbiPRERoRdrt Gagking e ssbaraiion Mt SN NRCSREAE rca.

F wh iis | th 00, .th d. pr.oduct. ft at

cur 1l ERterstoEhs” rsteaded sato Pl mimsh o mErREe ot SRR he ol o
I dabhrl i . ] fd wi di ] Sq fficient d

ol dabi Py She' shbun?lOc 88" BePLRRILs SHdTh fd drlidadey Pl Lo ol e

ol dab det _Moreover, ) SS. e

Tnourf aecEeafill 2y dnAEne! ARG LT 8 or Bl RSt R Cceeds

0.50, hggtnshs BkAdBe! 86421080204 due pRoblen M SAYpHlg i el stress,

sol dering crack resistance is |owered. is preferréd that the cured

product sphkaknedpbyv1beati Bemakdnauciceg e ieRexy resin conposition of the
15 present invention has a noisture absorption rate of not nore than 0.20%

by wei ght after the cured product is treated for 168 hours in an
envi ronnent of 85C and 60%in relative humdity. If the noisture absorption
r at 85exDESAE0OURBYOBY INNEYIIONI n t he case of carrying out the solder 20
bondi ng by sol der treatnment, water which is present in a sem conductor
devi ce due to theThesprpseot finventiencproyigesdan epoxyhgesidxy resin
conposition and the organic substrate, is abruptly vaporized at high
t enper a€ORR8SibipRrowhiéchacausess 1 ikkilenvazpdag @fzan m9ldinhe®seni con
solder treatment in area mounting type semiconductor
devices and is excellent in reliability of solder treatment
20 or the like because it is especially excellent in adhesion
to organic substrates, and a semiconductor device manufac-
tured using the epoxy resin composition.
The present invention relates to an epoxy resin
composition for encapsulating of semiconductors which
25 comprises (A) an epoxy resin, (B) a phenolic resin, (C) a

curing accelerator and (D) an inorganic filler as main

components, characterized in that properties of a cured



25 ductor device or separation at the interface between the sem conductor
el ement - nounted side of the organic substrate and the cured product of the
epoxy resin conposition, resulting in deterioration of soldering crack
resi st ance. 10 8 May 2003 The curedgproduct used for negguagpeod of the
noi sture absorption rate is one which is renoved fromthe nold and then

post - cupeddattlfeemear by RedkSnglRRdERULA NELHES ifed ¥ present
invention 5 include all of nonorers, oligoners and pol ymers having an epoxy

group, tempe¥atRba, shtibEgnekprlekaionisypa 2Roky (RELB0 XSib+d phENY! 30y pPE epoxy
resins, bisphenol type epoxy resins, stilbene type epoxy resins, o-cresol
novol ak Sy X ande D 15 Sepexy0o [ B6i I WAYchJaadeapltiealacFa exdgalat on, 10
and di cycl opent adi ene type epoxy resins. These nay be used each alone or in
adni xt umeduEape¢Ndinnf) abemobgibny tempasaharengbadeaphiesalacmmrskel et on are
used, flexural nodulus at nolding tenperature is high, cure shrinkage and
heat 5shshnlkagagef (%) oandokddegotespar earte stha inkagea griperef ufwom 5 are
smal |, and noi sture absorption rate is |low, and, hence, these epoxy resins
are prefeidaddg FrREpgratvrectpesoad Geaperatuxe prdsbnipantianliamnly ncl ude
all of nononers, oligoners and pol ymers having twg or nore phenolic

hydr oxyEOgEBRpabesBaBPexyf FEEiR FETROSE tdrds sthienaia ftheu@ured upon curi ng
reaction wiith the above epoxy resins. Exanpl es thereof are phenolic novol ak
resi ns, PEPEUSE RBFoRaKaFes ﬁé?%ﬁé&&lni Eaea oy note glore -2%

p-xylyl ene-nodjfie hepolic resins and m,xylyl enepxyl yl ene- nodi fi ed

Phonol | 67, urabt' ALcBAcCha, nged BEoRlGn e ohe tn. L 48 RS modi 1 ed

h i i .and_di I di - nodi fi h i.C. ins. .Th
e Bleaaafh aReiEoBpeheY 8RR rand EpECEh o RER hhEHEt g &
t”apht h ﬁ@%?éﬁk%ﬁ@iﬂr Snéﬁﬁgz t&%eéﬂfeﬁglﬁcl%egi'}{aifﬁ?%%% ul us at nmol ding
enperature 1 s high, “cure shrinkagé and heaf Shrinkage of from nol ding

t enper tu a A i : orption rate is
TPeT e h81 EABME KETREAL UBRAES MRl cBRAUERLE! W sSOr P

| ow, a se resins are preferre e curing accelerators used in the

presentyi RYLAELRPe@’ Byt BRESPUALAR 1 R8N sBfli cBRURLBlY Sl emet sCRASH | NKki ng
reaction of the epoxy resin wth thé phenolic resin. Exanples of themare

1,8-diagabacygbgﬁSrésQhuagﬁggggtionanine conmpounds such as tributyl anm ne,
organi ¢ 10 phosphorus conmpounds such as tri phenyl phosphi ne,

t et raphenyl phosphoni unt et r aphenyl borate, and i m dazol e conpounds such as
2-met hyl i m dazole. The curing accelerators are not limted to these

exabhpl eBRIFNeBESORYPDEONSGH PRAWINGOne or in adm xture. 15 The inorganic
fillers used in the present invention have no special limtation and those
general |y used fofI@nchpssl at gngphawbichl shows belasdonsExdnpl es t her eof
are fused silica, crystalline silica, secondary aggregation silica,

al um naflexyepl yrednive, aubfi Abminbagpdpsdi heatt gheinkpge ofndhg ass
fibers. The fused silica is especially preferredq. The fused silica nay be
ei t her TR RFRAUGES spheFN@afPPEY nFeBdR FPMPESASIENS: dfle EX@FPEESUse mai nly
spherical ;silica for increasjng anount thereof to be added and inhibiting
increas%PQﬁC?E??r@$§8%3?¥§m5#eghe 25 epoxy resin conposition. In order to
further increase the anmount of spherical silica to be added, it is
desirable to carry out adjustment so that particle size distribution of

SPNe | SRSt A5 D PSERIETT 8% °8F St nveEnTION

In order to reduce warping in semiconductor
devices in which substantially only one side of the
substrate is encapsulated with an epoxy resin composition,
two methods have been considered to be important, namely,

25 the one which comprises making the thermal expansion

coefficient of the substrate and that of the cured product



12 8 May 2003 with regard to the proportions of conponents (A) to (D) in

t he epoxy resin conposition of the present invention, the proportion of a
phenolic resin (B) is 20-300 parts by weight, the proportion of a curing
accelerator (C) 5 is 0.1-30 parts by weight, and the prop@&Map2008 an
inorganic filler (D) is 200-2000 parts by weight on the basis of 100 parts

by wei gbf Qﬁeaépéﬁgx¥e§§ﬁ'Boﬁﬁbsiwﬁéﬁ Ehgskr @ROEalch dthet RIRNAHe resin
(B) is less than 20 parts by weight, curing is insufficient, and when said
10 propgthépNwRXERCEEmBRsBar Fedlyingl Ehe cuke Bheiink@dehdf whalr ed
material remains is caused. Wien the proportion of a curing accelerator (C
is | essepby Pedinacdbmpysieight, rhatakes atl grgnlelcdesaily Iforurdheg is

conpl eted, and when sald proportion exceeds 30 parts by weight, curing
proceedseddct bpnddby wadpinyi sbackdugecthedcpredshr inkagel aml adeai ned. Wien
the proportion of an inorganic filler (D) is less than 200 parts by weight,
sol der i hgatrakhkinkaget aficérom moldingr températiamres diod nooop dempar aexceeds
2000 parts by weight, fluidity of the resin conposition becomes bad to 20
give i nEWFe| theadl @PPURLFEELD. CTRMPOSPERPNr EOMPrdSAPIsiasi O@id t he present
invention may optionally contain, in addition to the conponents (A)-(D

vari ousCompeReREs apopPeX¥npP8ing | anPheapdiganesiduck &¥YEMGN nat ed epoxy
resin, antinony oxi de_ 25 and phosphorus_conpounds, inorganic ion
exchang®FSeleBRpPT ngndgaRt 4NCEBRBAFNg1A46Rrs such as carbon bl ack,

rel easi ng agents such as nataral wax, _sypt hetic ,wax, higher fatty acids and

metal lic salts th3P¥BYCEndrBARGELPR, Of e ¥aTrBifgy i806%1ddr ess conponents
. Si ] d bber , d tioxidant,s. . Th i iti

of The pieethfoafEron by BY cRFay AR BytrTRiRgtine BhmbroRizt Ay (D) and s

th =St b . Hen boat | . . b

kneaderStsREge ¥ PheCheat TER, IARMLEDPEA, ROTATNGS cORBRAEUIES Y 5 1

and o i el Agrh heelifepgedr 01 OgHA! as FR! rPEATKCHEOLREMiRRAAUGLY devices by

encapsu 10 Tating ectronic parts such as sem conductor elenments with the

epoxy rf@ééhféﬁﬁ%@ﬁ&ﬁ@@e@fbfhEhQVfﬁ@@ﬁtbﬂyeﬂtiﬁas b@@nc?gﬂﬁﬁikpﬁ% can be

cured and nol ded by conventTonal nol ding nethods such as transter nol ding,

conpr esghONe YL GHAD mEdu it es¥i €Re ”@{19&8ggrééuBES_EbVEEEeECB?CARRYl NG OUT
THE | NVENTI ON The present invention will be explained specifically by the

foli@\évi H&ﬁrﬁ@mm-cﬂhﬁn@r@ﬂéréb@ﬂ? PésYAr compos2BnoneRbmpaie iaypr essed by
part y'tr\ll\cl:”«'.E)ontl;;onents (A)-(D) as main components which is measured
at the molding temperature, greatly affects the warping.
That is, it has been found that when the flexural modulus
at molding temperature is low, warping is large, and that
20 when the flexural modulus is high, warping is small. It
has further been found that all of the flexural modulus at
molding temperature, the cure shrinkage and the heat
shrinkage of from the molding temperature to room tempera-
ture affect the warping in combination.
25 Thus, it has been found that when flexural
modulus (N/mmz) at molding temperature of the cured product
is expressed by a, cure shrinkage (%) of the cured product

is expressed by b and heat shrinkage (%) of from molding



Exanple 1 20 10.2 Parts by weight of an epoxy resin represented by the
followng formula (1) (Epi kote 1032H manufactured by Yuka Shel

Ltd. ;

5.8 parts by weight of a phenolic resgn represented by the May 20038 ng
a (2) (MEH7500 manufactured by Meiwa Kasei Co., Ltd.; softening

f or mul
poi nt :

part by weight of triphenyl phosphine, _
fused silrbpartaeer age igdrt ithlee edipisAions],S a2MO} PrR21pA {bhy) we) ght  of

Epoxy Co.,

softeni ng point: 60C, epoxy equivalent: 170): 14 8 May 2003 (1)

tdrperbydrexytb ey dleniteratlire 33 Gtgdessed By T (20£ Nehbke 0. 15

83.25 parts by weight of spherical

carnauba wax and 0.3 part by weight of carbon black were m xed by a m xer
10 t hen30be aRA000D versd knepsisdb+#isE0g58,t vhe wakbihavideg reasfesc and

tenperatures of 90C and 45C for 5 minutes, and the kneaded product was

cool ed &he sbhédegiagndriackohiesistancepdsy imgsiavezbnpositie aremiden+ esul ti ng

epoxy

resin conposition was evaluated by the follow ng nethods. The 15

r esubt sdacsoghdemicesTdbl which subfs tantHn1230drEyalarst isoidestfiodse Spira

fl ow

Measur enent was conducted using a nold for measurenment of spiral

fl ow

i n accosdhAtraket hsEpmcapsed agede withe tdendipoxnsesim ganpbs o at ur e of
5 175C, an injection pressure of 70 kg/cn2 and a curing tine of 2 m nutes.
Curability: MeasuFbreRelddadc feiperadurs Ag $he ereyerjurigientiemder t he
conditions of a nold tenperature of

10

15

20

25

means a temperature of a mold when the epoxy resin composi-
tion is cured by heating and is usually in the range of
160-190°C, but it is not limited to this temperature range.

The value "a" is measured in accordance with JIS
K 6911.

The value "b+c" is obtained in the following
manner. A cured product in the form of a disk of 100 mm in
diameter and 3 mm in thickness is molded using a transfer
molding machine under the conditions of a mold temperature
of 175°C, an injection pressure of 70 kg/cm’ and a curing
time of 90 seconds, and inner diameter of the mold cavity
at 175°C and outer diameter of the disk cured product at
room temperature (25°C) are measured. The value "b+c” is
calculated from the formula, [{(inner diameter of the mold
cavity at 175°C)-(outer diameter of the disk cured product
at 25°C)}/(inner diameter of the mold cavity at 175°C)] X
100.

The cured product used for evaluation is one
which has not been subjected to post-curing treatment.

In the relations of a, b and ¢, when a is not

less than 10® (where R=10X (b+c)-1), warping decreases and



175C, an injection pressure of 70 kg/cn2 and a curing tine 10 of 90
seconds. Flexural nodulus "a" at nol ding tenperature: Measurenent was
conducted in accordance with JIS K 6911 as nentioned above. A cured product
was nol ded using a transfer nolding ngchine under the con@Map@808f a nold
15 tenperature of 175C, an injection pressure of 70 kg/cn2 and a curing

time of t@sSegopderedtdd,Nank Whendla Mduldss Watad®A! @& rdink/5C. The unit
was N mmR2. "b+c”: As mentioned above, a cured product in the formof a disk

of 100 HhrkBageanahar tald 3 sMioth pridifdeiess 2GuBshemisiasd, ushay @ transfer
nmol di ng machi ne under the conditions of a nold tenperature of 175C, an
injecti g5 peessthanoB00) k@kc el radd pi odwoth®pddoifeDis N e aiBingnd i nner
di aneter of the nold cavity at 175C and outer dianeter of the disk cured
product antl moddihgnper shuse Aete2iCrawdion wfaxwlerhsabicl Mgl uErd+c” was
calculated fromthe fornula, [ (inner dianeter of the nold cavity at 175C)
(out &r themmoéd, ohameéydmeR datnidd tyr,odnc whten? ®C)eyddedwer2&het er of the
mold cavity at 1?5C)] X 100. The unit 16 8 May 2003 was % Mbisture
absor pt fbRigaty: 1A dnskisicientmand arddebdd ipyd is wdatieridratedss was

mol ded using a transfer nolding machi ne under the conditions of a nold

t enper atQF@ORest when bis ifj deeFoftlgnedadbe SMIrED Shyic@IhEt curing tine
of 90 seconds, and post-cured at _175C for .2 hours., The cured product was
furt herPidaRggand, CREANH4ES SMALldn 2BHy red SRS idi tys Exomy treougld el ati ve
hum di t and ange of  wei ght s, nmeasured. The uni.t % by wejght. 10
Vér pi noLnbURE BT LaERALE: CAUS S5 BRERT LRT Lo OF, 1505, #fdm i n

t hi cknesgs, chi i Ze: 112 X 12 Q.35 mm,t hi.ck; pack si,ze: 24 mm X
2a i O ihed, ShFeeaganeapa: egtr ebrankadE i e My
transfe I chin t di g a I ture 15 of
175C, a%h?ﬁ}gégggggpggsgﬁgggg%l7ggﬁéggﬁﬂgg§g%§q%¥ﬂf#ﬁ%%% #ggﬁgkédﬂg%conds,
and posfgcigedrad, 175C for 2 hours. The cured product was cooled to room
tenperature, and, thereafter, displacenent in the height direction was

measured using a syrfgcgreeugbagsendet Ehel Budeaopraliued dpradtign fromthe
gate of the package. The | argest value of displacenent was taken as anount

of war phbpdhedPengNhhde8riHf the epoxy resin composition of the

15 present invention has a moisture absorption rate of not
more than 0.20% by weight after the cured product is
treated for 168 hours in an environment of 85°C and 60% in
relative humidity. If the moisture absorption rate exceeds
0.20% by weight, in the case of carrying out the solder

20 bonding by solder treatment, water which is present in a
semiconductor device due to the absorption from the cured
product of the epoxy resin composition and the organic
substrate, is abruptly vaporized at high temperatures to
produce a stress, which causes cracking in the semicon-

25 ductor device or separation at the interface between the
semiconductor element-mounted side of the organic substrate
and the cured product of the epoxy resin composition,

resulting in deterioration of soldering crack resistance.



Sol dering crack resistance: The above 225pBGA was nol ded, and post-cured at
175C for 2 hours to obtain ten 25 sanples. These were treated for 168 hours
in an environ nment of 60C and 60% in relative humdity or in an environnment
of 85C and 60%in relative humdity, jand, then, treated bg NRy2608ow ng
(240C) for 10 seconds. The sanples 1 ~ 8 May 2003 were observed by an

ultrasophe dafeqt preanet! As@¥aFore ndad uHedBHIC & Ot Hd iRy I u s acks and
various interfacial separations. Wen the nunber of defective packages was

n, thisapasrp¥RbaseatebY snohe whikdl 9asaemovied ffRdreagadindly ds@m the nold
at the time of nolding of the above 225pHGA was exam ned. The product which

was not tEBROpbEY -taredahice 177560 £6¢ pohduyss judged to be bad. Exanples 2-6
and Conparative Exanples 1-6 10 Conponents were m xed in accordance with

Tables 1 and 2, amHeeppyyy' e2isineonigest tiinome/\?'z@s@rﬁpaﬁrmﬁbdﬁdme same
manner as in Exanple 1 and these were evaluated in the sane manner as in
Exanpl eificliie agiubfsmanemelrsyn oiligdalelras ahdame 1ymeSts Uratwirres samnd
properties of the epoxy 15 resins and phenolic resins used in the exanples
and t heepokpagapilpe &runpkespdee shdwhenolowthEmextyresigpaunpri sing a main
conponent represented by the follow ng formula §3) YX- 4000H manuf act ur ed
by Yukarsméns.Epdrhenyl, type. epexyt re§ipsinbis 0123 ¥R 8Paxjui val ent :
195): 18 8 May 2003 ~CH CH20 ~ ~ OCH2-CH~CH2 ( 3 ) O O_CH3 CH3 Epoxy
resin rEpF&BEnt BHihbenpetyBEl BRPKY LESAMSa 9-CHLSANCTOYP ifdh RS ured by
Ni ppon Kagaku Co.,, Ltd.; softening point: 90C _epoxy equival ent: 225):
OCH2- |\ €ROXp ¥efpnsy ePppyoEpsips-hayipdoaongphthaiens sbedetqin o3

PORR! §noah iyt B EREN TR b Be, PR IR . AR (R e o
each alone or in admixture. Especially, when epoxy resins
having a naphthalene skeleton are used, flexural modulus at
molding temperature is high, cure shrinkage and heat
shrinkage of from molding temperature to room temperature

15 are small, and moisture absorption rate is low, and, hence,
these epoxy resins are preferred.

The phenolic resins used in the present invention

include all of monomers, oligomers and polymers having two
or more phenolic hydroxyl groups capable of forming a

20 crosslinked structure upon curing reaction with the above
epoxy resins. Examples thereof are phenolic novolak
resins, cresol novolak resins, phenoclic aralkyl resins such
as p-Xylylene-modified phenolic resins and m-xylylene * p-
xylylene-modified phenolic resins, resins having a

25 naphthalene skeleton, terpene-modified phenolic resins, and
dicyclopentadiene-modified phenolic resins. These may be
used each alone or in admixture. Especially, when the

resins having a naphthalene skeleton are used, flexural



n Phenolic resin represented by the following formula (6) (softening point:
80C, hydroxyl equivalent: 200): (4) (5 OHOHHCHZ OCH2 ~ ~~ H (6) n 1lg
8 May 2003 Phenolic novol ak resin (softening point: 80C, hydroxyl
equi val ent: 105). Table 1 Exanplelg?456Epoxy resin of f@rivay2003

(1) 10. 210. 27. 6Epoxy resin of fornmula (3)4.25. 9Epoxy resin of formula

(4)6. 4R, I S| O 85 84 .:4RPhepoldL H6Si f | a
(53, BPhenor e SEohOLE ng LR e s BT, A g e did™

si | i caBge£b8shBPkaded4ds208ém3NB1d2RE" LRABRYARAGEDP RN ok G ekipferknd. 200. Z00
. 10Car bon bl ack0. 307 30. 30. 30. 30. 3Car nauba wax0. 30. 30. 30. 30. 30.3Spiral flow

(cm 1004608049804 RENT abahit M8$8202858bBBIrbe ) bhalratedulsus o, ( MWrEm
) 1400080001500600150010000b + ¢ (% 0. 280. 420. 400. 280. 200. 20Mbi sture

absorpttpsséai€sins are greferred.
(wt 9% 0. 260. 270. 100. 100. 090. 22Rel easabi | i t yGoodGoodGoodGoodGoodGoodWar pi ng

amoumt of packagerhe, curith§O8688382a865e! deedndncthek presiesftance

(60C) 0/ 100/ 1001 1001 100/ 10" 0/ 1QSol deri ng crack resistance

(85C) 10id0ant 1604) 406/ tH65&08hiLO6hNcAnOac AsOcotulystablfer? cOossar at i ve
Exanpl e123456Epoxy resin of formula (1)4.97.612. 7Epoxy resin of fornmula

(3) 10. 7bimkinghesatt Eonesfnthe epekyl segnpswithirheppdesoildcr esi n of
formula (5)5. 7Phenol i c novol ak resin2.83. 1Spheri cal fused

si | i cagee®BRy. JBwamptes gfgkhen7areoty BpAéAgRPASYFRAPHE0 4190 -200. 050. 050. 250
. 30Car bon bl ack0. 30. 30. 30. 30. 30. 3Car nauba wax0. 30. 30. 30. 30. 30. 3Spiral fl ow
(cm) 1008eAeFeRe140CIRABE | FPPBSBREBS8YSR0BR| EXAPHEYHBREPE: QTERPHR

: .
) 400J000200160024000 10000, + 640 380,458 150 4384300 S2M0i stur e

(9020400, 10 A0 ASR.R00: B3 A AR R AL g crover i 9
505,/ ATRASREI RLIRLRY! H1GHERYTRRAEEAR, ol ahEmalin0 -

tors are not limited to these examples. These may be used

each alone or in admixture.

15 The inorganic fillers used in the present
invention have no special limitation and those generally
used for encapsulating materials can be used. Examples
thereof are fused silica, crystalline silica, secondary
aggregation silica, alumina, titanium white, aluminum

20 hydroxide, talc, clay, and glass fibers. The fused silica
is especially preferred. The fused silica may be either in
crushed or spherical form, but it is more preferred to use
mainly spherical silica for increasing amount thereof to be
added and inhibiting increase of melt viscosity of the

25 epoxy resin composition. In order to further increase the
amount of spherical silica to be added, it is desirable to
carry out adjustment so that particle size distribution of

spherical silica becomes broader.



2 2 8 May 2003 As clear fromthe above Table 1, the area nount ing type

sem conduct or devi ces obtained using the epoxy resin conposition of the
present invention are less in warping after nolding or soldering treatnent
and excellent 5 in soldering crack refy stance. | NDUSTRI AL gANtEN-ROB®I LI TY The
epoxy resin conposition of the present invention can be applied to

For BoA 10 ?%af’f KL ,9%%@ R %fﬁf o A R

SEHICOH@BCR@F daVirges & X be uégg&ﬁﬂ§L ﬁgdr&k\%ﬁé\éqU| in composition

of the present |nvent| for conputers crystal display

devi ces i npAKEABLE ‘tﬁ'eGEJ}@b%%ﬂ% g3 d igtfenol & ek MRY(BP08s GALIGo 1. An

epoxy resin conp03|t|on for encapsul ating of senlconductors whi ch conpri ses

(A) an gaex¥ besSweigh®), aheheportidn bf o Gy |dvcereedesat peyand (D)
an inorganic filler "as nain conponents, characterized in that properties of
a cusediproducBof pared By hedightg and ahd rdprriaxyof &mn conposi tion
satisfy expressions, a [err]l OR (R=10X (b+c)-1), 300[err]a[err]20000 and

0. 15b+danbeganiehifdd lexrdqmot 45 2 0f0-000alpariculhys weNghR )ormttime! di ng
tenperature, b denotes a cure shrinkage (% and c denotes a heat shrinkage
(% of beedsnolfdill§ pemper byumweightr efmaregpexyt wras im. (An. epgdixgnresin
conposi tion for encapsul ating of sem conductors according to claim 1,

wher ei ntheepsapedtprodadt ahphenoddics nasd rad$or pis dressattdhast 2t nore than
0.20% by weight after treated for 168 hours in an environnment of 85C and
60% i n Parssi b¥ Weigbtyycuzingn igpdnguidsiaiandnpand ivden graihcapsul ati ng
of sem conductQrs according to claim1 or 2, wherein the epoxy resin and/or
the1BheBBPPerFé§PneﬁS€§fiﬁa 04 ﬁ’éﬁ'ﬁtshQYer‘f’@lﬂbé’I'ett&? HFOW-%‘Q R¥hduct or
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109%&' ()-109& ()-!'F 109%&' ()-& y% F 109& ()-&F 109%&' ()-&D- 6EvdEf": 109%& () -
1098 ()-109&' ()-s& 10%&' ()-F! 109%&' ()-!10%& ()-v% dE

.s1109%& ()-@! 109& ()-L*3109%&' ()-1(
"109& () - &F10%& () - $! 10%&' () +UdE9109& () - 7M 10%& () - 531084y 20BB10%&’ () -

110%&f() 0310%&' ()-2 {\: 1109 ()-zs"10%)& () - 's"lO%@c&f()-'tFFFlO%)
&T()_ séPeéQ é@mﬁéﬁé@-§25uéh&gh4s ilicone and 3 .
}A<{\. 1'19S, #10% () --9"" 109 'DO" " 109%& () - I#lO%é& () Z\# 1 #109%&' () -2

| 109% (Yn€dokAia SLE(| #10% () - f9" 1098 () - ! 9" 109RR& () - @310% ()- 10 10
10! (9S, #10%& () - - ' DK5E}[9r S11 (!, F&#10%&' () - | DF&#10% | & () - &SMLOY%&' ()-!, YF#1

0%& ()-m! (YF#10%8he) eﬁbkﬁlQ%&lh) cBﬁEbs1t\.(6th'f#%h@V riesedd-" 10%& () -!
L" 109PP& () - FYL0%&' ()- 10" 10 10! #F&#109& () - 6+JkzX6r S111 @ @ #10%& () - Y
Il @#10fehtidns#806@8aihed! by mixing the components (A)-(D) and

é#lO%&f()--!Ds#lO%;,&f()--!(#10%).&f()-Nk3456C,XrP1L-#10%&f()-!L-#10%55&f()
- 3FF30%thér - addt 10e40by a0f&xe)y-! theén#heHk'ihg ¥nd kneading the
X<yLg?a?r P1L- #! 6&&#10%##& () -Y
$109%& fixBireOpHea (knexteoyBech) ak" a0WBating kinehd¥#h & 'a( hot- roll
z| "P13FF10% &' () -
and an extruder, and cooling and grinding the kneaded
product.
For producing semiconductor devices by encapsu-
10 lating electronic parts such as semiconductor elements with
the epoxy resin composition of the present invention, the
composition can be cured and molded by conventional molding
methods such as transfer molding, compression molding and

injection molding.

15 BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained
specifically by the following examples. The proportions of

various components are expressed by part by weight.

Example 1

20 10.2 Parts by weight of an epoxy resin
represented by the following formula (1) (Epikote 1032H
manufactured by Yuka Shell Epoxy Co., Ltd.; softening

point: 60°C, epoxy equivalent: 170):



10#5#5 10#5#5 10#5#5! 63" 10%#5#5& ()-!; 3" 10% y(y& () -
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#10% () - 9@ 10%& () - L10&! 9109&' ()-H109& ()-!, #10%& ()-.//001QLRLz[ <1=
1 10y 9z 109& ()-, 7mLOY%& ( S, #10%00& ()-Y ! DLS, #109& ()-Y °

#109M& ()-9!: " #109%& ()-9R alF22i 33gE= 1 10! 1#109%& ()-!, #10%& () -

L"109&' ()-! L"10%ld& () - 3Y10%RdcH,-cli@H,0344u556{ 7| 7} [ 9+=
10!, LS, #10%&' ()--!6LS, #109%&' ()-- #1008 ()-M;
“#109%& ()-M D #10%& () - VB, 10%& () -| 7} 7~77#8R8q9SdE=

5.8 parts by weight of a phenolic resin represented by the
following formula (2) (MEH7500 manufactured by Meiwa Kasei

Co., Ltd.; softening point: 105°C, hydroxyl equivalent: 97):

OH OH

} : (2)
<:> n
X
’
0.15 part by weight of triphenylphosphine, 83.25 parts by
weight of spherical fused silica (average particle
diameter: 15 um), 0.3 part by weight of carnauba wax and
0.3 part by weight of carbon black were mixed by a mixer,
10 then the mixture was kneaded using a twin roll having
surface temperatures of 90°C and 45°C for 5 minutes, and the
kneaded product was cooled and then ground to obtain an
epoxy resin composition. The resulting epoxy resin

composition was evaluated by the following methods. The

15 results are shown in Table 1.
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of 2 minutes.
Curability: Measurement was conducted using Shore
"D" durometer under the conditions of a mold temperature of
175°C, an injection pressure of 70 kg/cm’ and a curing time
10 of 90 seconds.
Flexural modulus "a" at molding temperature:
Measurement was conducted in accordance with JIS K 6911 as
mentioned above. A cured product was molded using a
transfer molding machine under the conditions of a mold
15 temperature of 175°C, an injection pressure of 70 kg/cm2 and
a curing time of 90 seconds, and the flexural modulus was
measured at 175°C. The unit was N/mm’.
"b+c": As mentioned above, a cured product in the
form of a disk of 100 mm in diameter and 3 mm in thickness
20 was molded using a transfer molding machine under the
conditions of a mold temperature of 175°C, an injection
pressure of 70 kg/cm’ and a curing time of 90 seconds, and
inner diameter of the mold cavity at 175°C and outer
diameter of the disk cured product at room temperature
25 (25°C) were measured. The value "b+c" was calculated from
the formula, [{(inner diameter of the mold cavity at 175°C)-
(outer diameter of the disk cured product at 25°C)}/(inner

diameter of the mold cavity at 175°C)] X 100. The unit
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o@&N@gb@)cmre@ﬂg@@d@p;)wasloqxghgy tge@ge@)for 168 hours in an

environment of 85°C and 60% in relative humidity, and change
of weight was measured. The unit was % by weight.

10 Warping amount of package: A 225pBGA (BT resin
substrate of 0.36 mm in thickness; chip size: 12 mm X 12 mm
X 0.35 mm thick; package size: 24 mm X 24 mm; thickness of
encapsulating resin: 1.17 mm) was molded using a transfer
molding machine under the conditions of a mold temperature

15 of 175°C, an injection pressure of 70 kg/cm’ and a curing
time of 90 seconds, and post-cured at 175°C for 2 hours.
The cured product was cooled to room temperature, and,
thereafter, displacement in the height direction was
measured using a surface roughness meter in diagonal

20 direction from the gate of the package. The largest value
of displacement was taken as amount of warping. The unit
was um.

Soldering crack resistance: The above 225pBGA was

molded, and post-cured at 175°C for 2 hours to obtain ten

25 samples. These were treated for 168 hours in an environ-
ment of 60°C and 60% in relative humidity or in an environ-
ment of 85°C and 60% in relative humidity, and, then,

treated by IR reflowing (240°C) for 10 seconds. The samples
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Epoxy resin represented by the following formula
(4) (NC7000 manufactured by Nippon Kayaku Co., Ltd.;

softening point: 90°C, epoxy equivalent: 225):

OCH,-CH-CH, OCH,- CH cH2 OCH,-GH-CH,

i@gj/ O»CH @é%’

Phenolic resin represented by the following

formula (5) (softening point: 83°C, hydroxyl equivalent:

175):
OH OH
( /k\ (5)
\/ .
10 Phenolic resin represented by the following

formula (6) (softening point: 80°C, hydroxyl equivalent:

celNo oA

200):
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. 1 n . . 1 - . 0 1 - . 0 1 -

4100288 ()= " nghdndPhle T BRIR T SHREPD Fenidd OBBRAL ) p0ict 107288 1)
hydroxyl equivalent: 105).
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INDUSTRIAL APPLICABILITY
The epoxy resin composition of the present

invention can be applied to encapsulating of various

semiconductor devices and is especially suitable for BGA
10 (ball grid array) and CSP (chip scale package). The

semiconductor devices obtained by encapsulating with the

resin composition of the present invention can be used for

computers, liquid crystal display devices, portable

telephones and the like.



' E6kX? #QUR( 6+- . R13| 79=?CEl ZJKMVNPQSBTJIVXW ;

] P " aTbbbbb(cKcWwccccc! dMdkdddddd" eAe_eeeef 7frffffffg$glgvgggggh2hPhghhhhh
i>i _iiii,jAjlcpq I"#$%&R' ()*+,-.6Ti nes New RomanAri al Couri er New'h Root
EntryVWrdDocumentd !"#$%& () *+, -./ Q423456789 ; 8 May 2003

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_"abcdef ghi j kl mopqr st uvwxyz{| } ~

I #B9R () *+,-./012 CLAIMS

1. An epoxy resin composition for encapsulating of
semiconductors which comprises (A) an epoxy resin, (B) a
phenolic resin, (C) a curing accelerator and (D) an
inorganic filler as main components, characterized in that
properties of a cured product formed by heating and curing
the epoxy resin composition satisfy expressions, a=10®
(R=10X (b+c)~1), 300=a<20000 and 0.155b+c<0.50 in which a
denotes a flexural modulus (N/mmz) at molding temperature, b
denotes a cure shrinkage (%) and c denotes a heat shrinkage
(%) of from molding temperature to room temperature.

2. An epoxy resin composition for encapsulating of
semiconductors according to claim 1, wherein the cured
product has a moisture absorption rate of not more than
0.20% by weight after treated for 168 hours in an environ-
ment of 85°C and 60% in relative humidity.

3. An epoxy resin composition for encapsulating of
semiconductors according to claim 1 or 2, wherein the epoxy
resin and/or the phenolic resin have/has a naphthalene
skeleton.

4. A semiconductor device obtained by encapsulating
with the epoxy resin composition according to claim 1, 2 or

3.



